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Dedication to Edward David Freis

By Vasilios Papademetriou, MD

Professor of Medicine, Georgetown University

It is with a great deal of gratitude and pride that I write this 
dedication to Edward D. Freis, the man, the teacher, the mentor, 
the giant, my boss. I had the good fortune of knowing Edward 
D. Freis as a man, as a physician, as a scientist, and as a human 
being. Ed Freis was a good man, a great scientist, and a great 
philanthropist. He had a good life and a great career, and he 
died happy, fulfilled by his achievements, surrounded by his 
children, and covered by appreciation and respect by his peers.

I first met him in 1981, when I walked into his office looking  
for a job. I was a research fellow then at the National 
Institutes of Health, investigating the role of murine 
macrophages on immunoreactivity, but I had had enough and 
decided that I wanted to deal with patients. Having heard 
about Dr. Freis and his work, I called and made an 
appointment for an interview. It did not take long. After a brief 
conversation, he said “So, you are interested in clinical 
research? Ha, and what have you done so far?” When I told 
him about my experience working with mice, that my group 
had published 11 papers in 18 months, and that I was more 
interested in humans, he said “You’ve got the job, when can 
you start? And by the way, how much money do you make?” 
After I explained that I was making only $13,000 a year, he 
said, “We can do better than that: we’ll pay you $18,000.” We 
had a deal, and I started working with him. Ed Freis was a fair 
and a generous man. He was fair to his science and supportive 



to those who worked for him. By the time I joined his group in 
June 1981, his landmark work had had a big impact on patient 
care and the medical community. The treatment of 
hypertension was widespread, and many other outcome trials 
were in press or in progress. His work was mostly focused on 
the treatment of hypertension using diuretic-based regimens. 
He always held the position that these regimens were safe and 
effective, but his competitors tried in many different ways to 
undermine his work. Soon after I joined his group, Dr. Freis 
attended the American Heart Association’s annual meeting, at 
which Dr. Bryan Holland presented data from a small study 
suggesting that diuretics cause arrhythmias and sudden death. 
This became very controversial and dominated research on 
hypertension throughout the 1980s and into the 1990s. No 
wonder Dr. Freis asked me to design a protocol to assess the 
effect of diuretic- induced hypokalemia on cardiac 
arrhythmias. The initial study was designed and carried out in 
patients treated with high-dose diuretics who developed severe 
hypokalemia. Yet our data indicated no harm from diuretics to 
our patient population. Even severe hypokalemia had no effect 
on arrhythmias. After that, we carried out several other 
studies that repeatedly proved the safety of diuretics. Ed Freis 
found great satisfaction in these results and continued 
commenting and writing about them for two decades. Our 
team and Marvin Moser were the lone defenders of diuretics in 
the 1980s and part of the 1990s and had several debates and 
arguments both from the podium and through the literature, 
but at the end, we were proved correct.

Ed Freis enjoyed life immensely. He prided himself on knowing 
every good restaurant in town, particularly every good deal 
(cost-effectiveness). Confidentially, he told me that the best 
deal was a Greek restaurant called Ambrosia, where one could 
dine on good food for $15. On numerous occasions, he 
commented on how much he enjoyed Greek food and in 
particular my wife’s cooking. Long after he retired, Ed 
continued coming to the clinic, and in fact, we shared office 
space for another decade. He authored more than 400 original 
papers, editorials, book chapters, and reviews. I could write a 
lot more anecdotal encounters about Ed Freis, but instead I 
prefer to present a brief outline of his life and commentaries 
from his students and colleagues following his death.

Edward David Freis was the pioneer researcher who designed 
and spearheaded the landmark, VA Cooperative studies that 



revolutionized the treatment of hypertension. He was born in 
Chicago on May 13, 1912, and died in Washington on February 
1, 2005. He was the youngest of four sons of Roy Freis, a real 
estate developer, and his wife Rose. Freis grew up in Chicago 
and graduated from Nicholas Senn High School in 1930. He 
hoped to become an actor and took time off from college to 
train at the Pasadena Playhouse. (A sympathetic uncle 
supported this endeavor, in defiance of his father who vowed to 
disown his son if he stayed at Hollywood, but later relented.) 
Freis soon decided that he was not tall enough to succeed in 
show business and returned to the university, where he got his 
BS in 1936. Later, he showed great zeal for golf and wanted to 
become a professional golfer.

Freis had been inspired to pursue a career in medicine after 
reading Paul De Kruif’s popular books, Microbe Hunters and 
Hunger Fighters. He received his MD from the College of 
Physicians and Surgeons at Columbia University in 1940. He 
completed his internship and residency at Massachusetts 
Memorial Hospital and the Boston City Hospital, briefly joined 
the US Army Air Forces (now the US Air Force) and served as 
assistant chief, and then became chief of the laboratory service 
at Lincoln Air Force Base in Lincoln, Nebraska, from 1942 to 
1944. From 1944 to 1945, he headed the laboratory service for 
the USAAF Rheumatic Fever Research Program at Gowen 
Field in Boise, Idaho. After the war, Ed Freis returned to 
Boston for a cardiology residency at Evans Memorial Hospital, 
followed by a research fellowship there. Under the supervision 
of Robert Wilkin, Ed Freis began his clinical research, in 
hemodynamics and the drug treatment of hypertension, an area 
that he later revolutionized.

After experimenting with ganglionic blockers, snake venom and 
hemapheresis, and drugs such as pentaquine, veratrum viride, 
and hexamethonium, that were effective, but with intolerable 
side effects, he came across the first diuretic – chlorothiazide – 
that he studied in a small group of patients and found to be 
effective and well tolerated. At that time, hypertension was 
thought to be a normal part of aging, except in severe or in 
malignant forms.

In 1949, Freis was appointed Assistant Chief of the Medical 
Service at the Veterans Administration (VA) Hospital in 
Washington, DC, with a joint appointment as Adjunct Clinical 
Professor of Medicine at Georgetown University School of 



Medicine. He also served as director of Georgetown’s 
Cardiovascular Research Laboratory (1949–1965) and Chief 
of the Hypertension Clinic there (1950–1960). In 1954, he 
became Chief of the VA Medical Service and, in 1959, was 
named Senior Medical Investigator. During this period, he 
continued his investigations into the mechanisms and control 
of hypertension. New antihypertensive drugs were gradually 
developed, including the ganglion blockers, such as 
hexamethonium, reserpine, and hydralazine and of course, 
the first thiazide diuretic, chlorothiazide (in 1956).

At about the same time, the researchers at the VA began a 
controlled clinical trial to evaluate the growing arsenal of 
antihypertensive drugs. Controlled clinical trials were 
something of a novelty at the time, but the VA had done a 
similar study to evaluate the effectiveness of drugs for treating 
tuberculosis several years earlier. Although many drugs had 
been developed during the 1950s for treating hypertension, 
there was no proof that they provided long-term benefits.

In 1962, Freis formed the VA Cooperative Study Group and 
designed the landmark VA Cooperative Studies aiming to 
assess whether treatment of hypertension would help prevent 
death and cardiovascular complications of hypertension such 
as stroke, congestive heart failure, kidney damage, and heart 
attack. The study ran from January 1964 through December 
1969, and it was the first randomized, placebo-controlled, 
double-blind, multi-institutional clinical trial ever done in the 
United States. The study group included two distinct subgroups 
of patients: with severe or mild to moderate hypertension. 
Patients were randomized to either active treatment or placebo. 
In only 18 months, adverse events in patients with severe 
hypertension were reduced by more than 90% (21 vs 1 events) 
and in the mild to moderate groups by more than 50%.

The study results were published in 1969 and 1972, to 
relatively little fanfare. They attracted more attention the 
following year, when Ed Freis was honored with a Lasker 
Award for his leadership of the VA study. Philanthropist and 
health policy advocate, Mary Lasker, head of the Lasker 
Foundation, believed that the study revealed a major public 
health problem that should – and could – be remedied. She 
asked Elliot Richardson, Secretary of Health, Education, and 
Welfare, to establish a hypertension education program to alert 
physicians and the general public about this “silent killer.” 



The National High Blood Pressure Education Program was 
started in 1972 and launched a successful nationwide 
campaign for hypertension awareness, screening, and 
treatment. During the next two decades, public awareness of 
hypertension’s role in heart disease and stroke increased 
threefold, and the mortality rates from those diseases dropped 
dramatically. The wide spread interest in the United States and 
around the word in hypertension diagnosis treatment and 
control can be traced back to the work of Ed Freis.

Freis continued to direct cooperative studies on hypertension 
and to advocate the treatment of the condition, becoming 
recognized as one of the world’s foremost authorities. In 1979, 
with science writer Gina Kolata, he wrote The High Blood 
Pressure Book, a guide for patients and their families, which 
won the American Heart Association’s Howard Blakeslee 
award in 1980. Freis broadened his research into various 
aspects of hypertension treatment, including the role of race in 
treatment outcomes and the use of medications for elderly 
patients. He conducted clinical trials on new hypertension 
drugs, such as the beta-blockers (which slow the heart rate) 
and angiotensin-converting enzyme (ACE) inhibitors (which 
block the production of angiotensin II, a hormone that causes 
blood vessels to narrow) as they were developed. He also 
participated in many discussions about how and whether to 
treat mild hypertension.

By the mid-1980s, there were growing concerns about the use 
of diuretics in hypertension treatment, specifically the danger 
that they might cause potassium depletion and induce 
dangerous cardiac arrhythmias and sudden death. Some critics 
argued that with all the new antihypertensive drugs available 
there was no need to use “obsolete” drugs like diuretics in any 
case. He asked me to design and carry out control studies to 
assess the effect of diuretic-induced hypokalemia on cardiac 
arrhythmias. Our studies indicated that diuretics were safe and 
effective and remained the cornerstone of hypertension 
treatment and control. Freis had long recommended diuretics – 
which were safe and inexpensive – as the first step in 
hypertension treatment, alone or in combination with other 
drugs. Later our position was vindicated by the 
Antihypertensive and Lipid-Lowering Treatment to prevent 
Heart Attack Trial (ALLHAT) study (1994–2002), which 
showed that treatment with diuretics controlled blood pressure 



better and was significantly better for preventing 
cardiovascular disease events, when compared to treatment 
with ACE inhibitors, calcium channel blockers, or alpha-
adrenergic blockers.

Freis retired in 1987 and was named distinguished physician 
by the VA Medical Center and professor emeritus by 
Georgetown University School of Medicine. He continued to 
advise ongoing clinical studies and to publish about 
hypertension for nearly two decades. At the time of his death 
on February 1, 2005, he was working on a second hypertension 
book for a popular audience. That book remained unfinished 
and given by his daughter to the National Library of Medicine.

Freis mentored a lot of fellows, many of whom later became 
authorities in the field of hypertension and cardiovascular 
disease:

Comments by Edward D. Frohlich: “Several years ago, while 
I was Editor-in-Chief of Hypertension, I invited Ed to 
summarize for the journal some of his more well-known studies 
emanating from his cardiovascular research laboratory. He 
reviewed his other work on the hemodynamics of congestive 
heart failure and myocardial infarction, advancing a new 
concept of ‘unloading the heart.’ How taken back most 
investigators were at the thought of administering a ganglion 
blocking agent in these circumstances to reduce left ventricular 
preload! He first tried out this concept using a mechanical 
model of the heart that demonstrated improved cardiac 
performance when venous return was reduced, using his 
specially constructed venous reservoir. To my more recent 
(and personal) thinking and amazement were his studies on 
blood flow velocity that provided more fundamental support to 
the earlier clinical reports of Alton Ochsner, who used leg 
compression by an elastic stocking as a prophylaxis against 
phlebothrombosis in surgical patients by diverting flow from 
the more superficial veins to deep veins, thus accelerating deep 
venous flow. His studies on blood pressure in small arteries, on 
the velocity of red blood cells and other elements in circulating 
blood compared with plasma, as well as his work on 
transcapillary migration of other constituents in the circulation 
were truly innovative.

No doubt these experiences allowed him to conceive the 
concept of combination therapy. Each of these various areas of 



investigation gave great impetus to those of us who trained with 
him as well as those who were his research fellows or on our 
own who later follow through on the foregoing areas as well as 
with ‘cardiogenic hypertension’, vascular compliance, plasma 
volume expansion, and aging. It is remarkable, indeed, to see 
the beginnings of their studies forecasted in Freis’ classic 
review of the hemodynamics of hypertension in Physiological 
Reviews in 1960. I still suggest this review as the first reference 
to be read by fellows in training.”

Comments by Jay Cohn: “What I learned from Ed Freis’ 
mentorship more than 40 years ago was the virtue of critical, 
incisive thinking and care in research design. Ed was 
incredibly disciplined in his life and in his work. His daily 
routine left little room for spontaneity, from daily naps on his 
office couch to afternoon golf practice on the field adjacent to 
the VA Hospital. He tried to teach me a better golf swing, which 
was his passion. We played rain or shine. One hot day, when I 
almost collapsed on the 13th tee, he left me lying on the grass 
with a comment that he would come back for me after he 
finished the back nine. In scientific discussions he cut to the 
chase. His desktop was always clear because he dealt 
immediately and efficiently with all mail and messages. I never 
learned to discipline my life, which is cluttered with books and 
papers that I never find time to deal with. But the research 
integrity and intellectual discipline that Ed demonstrated in our 
daily encounters have had a profound effect on my career.”

Comments by Edward G. Lakatta: “Ed Freis was my first 
research mentor. While a medical student at Georgetown 
University, I had not previously been exposed to research and 
wished to find out what it was like. Ed’s genuine zeal for 
research rubbed off on me! We spent substantial periods of time 
planning experiments, interpreting results, and, subsequently, 
writing up the findings. He instilled in me the confidence 
needed to deliver my first paper describing our results at an 
American Heart Association Meeting, a rare experience for a 
medical student. Because of my interaction, I developed a 
passion for research that has never dwindled. Following my 
training in internal medicine, I spent 2 years at NIH studying 
cardiac muscle changes with aging. Later, when I was a fellow 
in cardiology, Ed made another substantial impact on my 
career. He and others at the Washington VA Hospital had made 
remarkable contributions to hemodynamics research, and I was 



poised to commit to this area of research as well. Ed advised 
me, however, that the door toward understanding the mysteries 
of the cardiovascular system was not via hemodynamics but in 
heart cell research, (ie, the type of stuff I had explored at NIH). 
I heeded this advice and have enjoyed a challenging 30-year 
career doing so, and following in his footsteps.”

Many other fellows credit their work and interests to Ed Freis, 
to name a few:

Robert Tarazi, fellow at the Cleveland Clinic, would credit 
Ed Freis’ concept of cardiogenic hypertension for his personal 
interests in that area.

John Rose, who became the Chairman of Physiology at 
Georgetown and later Dean of the Medical School, in reflecting 
about Ed Freis, said that he became a research fellow after his 
internship in 1951 and “I was a close personal friend ever 
since. He was a remarkable guy, a great teacher: gentle, kind, 
and prodding. But, in the experimental laboratory of the early 
1950s, he was also compulsive, having all of the qualities of a 
true scientist, intensity and stress when things were not going 
well!” As a former Dean of the School of Medicine, Rose was 
justly proud to say that Ed donated his Lasker Awards to the 
university for display.

Dr. Larry Lillienfield, another research fellow of Freis, 
succeeded John Rose as Chairman of Physiology and 
commented, “Ed was a wonderful guy who made a tremendous 
impact on the fundamentals of cardiovascular physiology as 
well as the more widely known contributions in the area of 
clinical hypertension.”

Barry Materson wrote the following: “I owe him big and I 
remember telling him that every time that whenever I spoke 
with him. He was a great mentor even though I never worked 
directly for him. I enjoyed playing golf with him, and he not 
only tolerated playing with me but also gave me some lessons 
in the process. Ed Freis was never swayed by the dogma of the 
moment unless it was thoroughly back by valid data. He 
demanded databased opinions long before evidence-based 
medicine was popularized.”

Ed Frohlich writes: Another successor to Freis’ work was 
Vasilios Papademetriou at the VA Hospital in Washington. At 
Ed’s funeral, Vasilios commented in his warm and thoughtful 



eulogy that “Ed Freis was a good man, someone who 
served science religiously but also someone who enjoyed life 
tremendously.

He was a great man, and had a good life, a brilliant career, and 
passed away quietly.”

Ed Freis had an impact in medicine like only few others. His 
work on hypertension changed the course of history and saved 
untold hundreds of thousands of lives. His name and his work 
will remain imprinted in the literature forever.

“He was a good man, a great scientist, and an amazing mentor. 
He was one of the giants, he was my boss.”

 

Edward D. Freis (1912–2015)
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It is with great pleasure and excitement that we publish this book, entitled 
Management of Hypertension: Current Practice and the Application of 
Landmark Trials. Hypertension is indeed a major public health problem 
worldwide and the most widely recognized modifiable risk factor for cardio-
vascular disease, with an estimated overall prevalence in adults, aged 25 and 
over, around 40% in 2008. As such, it is a subject that gathers a special inter-
est among physician-scientists involved in cardiovascular research. With the 
completion of this project, we aim to offer to young physicians and other 
scientists engaged in the clinical cardiovascular field a book that reviews the 
milestone hypertension trials that changed the false belief that was dominat-
ing at the dawn of the twentieth century and which supported that blood pres-
sure was essential for the perfusion of vital organs and, therefore, it should 
not be treated. The studies of Irvine Page, who first observed that despite 
lowering blood pressure using colloidal sulfur injections, kidney function 
was well maintained and the first who described the famous mosaic theory of 
hypertension, as well as the first randomized controlled trials conducted by 
the farsighted physician, Edward D.  Freis, were pivotal in changing the 
“medieval” understanding of this devastating condition, once and for all.

This book is organized into five major parts. The first part is an introduc-
tion to medical research. Its objective is to help scientists and hypertension 
specialists understand the importance of applying evidence-based medicine 
in clinical practice, and become familiar with the basic concepts in biostatis-
tics, which will assist them in interpreting the results of scientific papers – it 
helps them, in particular, to recognize the strengths and weaknesses of a pub-
lished work. We believe it is of critical importance for a scientist involved in 
the cardiovascular field to understand deeply the process of analyzing and 
interpreting medical data.

The second part that comprises 11 chapters review some of the major land-
mark studies which answered some of the most important questions that 
altered the course of the investigation and treatment of high blood pressure 
and influenced the lives of many hypertensives around the world: Is arterial 
hypertension linked to increased cardiovascular risk? Should we treat higher 
levels of diastolic blood pressure in adults? Should we treat isolated systolic 
hypertension in older persons? What is the best way to treat high blood pres-
sure? The VA Cooperative studies – the first randomized controlled trials any-
where in the world  – the DASH, the SHEP, the AASK, the ASCOT, the 
ACCOMPLISH, the MRC, the HDFP, the HOT, the ACCORD, the SPRINT, 
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and the HOPE3 are only some of the major hypertension trials discussed in 
this part. How did they influence the management of hypertension? This part 
also reviews the recently updated 2017 ACC/AHA Guidelines for the man-
agement of hypertension and tries to examine the advantages and disadvan-
tages of clinical trials.

In the third part of this book, there is only one chapter that reviews the 
methods of blood pressure assessment used in milestone hypertension trials.

The fourth part is dedicated to three of the most important and pioneer 
researchers in hypertension research: Dr. Irvine Page, Dr. Edward D. Freis, 
and the legendary Stevo Julius who is still actively involved in hypertension 
research. We cordially want to thank Dr. Brent Egan who willingly accepted 
to review his major scientific contributions in the field of hypertension.

The last part of this book takes a look into the future of cardiovascular 
medicine with the advent of microfluidics. How these could be applied in 
hypertension research is a subject discussed thoroughly in the last chapter of 
this part.

For the completion of this project, we did invite as authors hypertension 
experts who are widely recognized as global leaders in the field of cardiovas-
cular research. We deeply appreciate their time and work to expertly and 
concisely review the milestone hypertension trials discussed in this book. 
Each chapter merits multiple reads and can be read as a unique manuscript, 
and therefore, any overlapping in the mention of some of the landmark stud-
ies was inevitable. These chapters can act as a starting point for anyone seek-
ing an up-to-date and scientifically accurate review regarding the hypertension 
landmark clinical trials. Their outstanding work has given this book the 
opportunity to succeed as an educational resource for the scientific commu-
nity and to enhance the clinical skills of practicing physicians. Most impor-
tantly, we would also like to give special thanks to Professor Costas Tsioufis, 
the President of the European Society of Hypertension and the President of 
the Hellenic Society of Cardiology, our friend and collaborator, who sup-
ported our work by endorsing our book as an ESH endorsed book and con-
tributed a valuable chapter to this book.

We would also like to thank Grant Weston, the Editor of Springer 
International Publishing, who believed in this project and gave us the green 
light to publish this book.

Washington, DC, USA Vasilios Papademetriou
Athens, Greece Emmanuel A. Andreadis
Athens, Greece Charalampia Geladari
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Dr. Andreadis and I, on behalf of all contributors, wholeheartedly want to thank 
Dr. Charalampia (Chara) Geladari, for all she has done to make this book possi-
ble. Chara has been the heart and soul of this publication, took care of every little 
detail, and put bright colors on every page of this book. We all thank you Chara!

I also want to thank all my good friends and colleagues from the United 
States, Greece, and Europe for their great contributions, time, and effort that 
made this book possible.

Last but not least, I want to thank my family for putting up with me, 
despite my frequent travels and long leave of absence.

I thank you all.

Vasilios Papademetriou, MD, PhD

I would like to thank my associates, Professor Vasilios Papademetriou and Dr. 
Charalampia (Chara) Geladari for the accomplishment of this great book. 
Professor Papademetriou and I are especially grateful to Chara, my dedicated 
colleague, for her enthusiasm, creativity, and commitment and for her exhaus-
tive and thorough work. This book could not have been written without her 
generous assistance.

I would like to express my immense gratitude to my wife for her help and, 
of course, to my daughter for her encouragement in my clinical and research 
activities. To all of them, I extend my deep appreciation.

Emmanuel A. Andreadis, MD, PhD.

I would like to express my deepest gratitude to my mentor Emmanuel 
A. Andreadis for believing in me and for being my inspiration to pursue my 
goals with hard work and dedication. I cordially thank you, Dr. Andreadis, for 
your sincere support, commitment, time, and mentorship! You have made an 
impact on my life. To me, you are absolutely family!

I would also like to thank Professor Vasilios Papademetriou for this great 
opportunity, to be one of the editors of this book, and for his support and trust. 
Dr. Papademetriou, it is truly an honor to work with you!

My warmest thanks to my family for their unconditional support, encour-
agement, and love!

Charalampia Geladari, MD.
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The Importance of Applying 
Evidence-Based Medicine 
in Clinical Practice

Thomas Karagiannis

 What Is Evidence-Based Medicine?

The first scientific origins of evidence-based 
medicine (EBM) can be traced back to mid- 
nineteenth century in the works of John Snow 
and Pierre Charles Alexandre Louis [1], or even 
earlier in James Lind’s study on scurvy [2]. 
Despite these innovative attempts, clinical prac-
tice in medicine was still largely based on expert 
opinion, driven by physiological rationale and 
individual clinician’s expertise. It was not until 
mid-twentieth century that the medical commu-
nity began to realize that reliance on uncontrolled 
clinical experience and pathophysiological rea-
soning alone, was flawed [3]. In fact, in 1962 the 
Food and Drug Administration passed the 
Kefauver-Harris Amendment in the United 
States, which required evidence from rigorous 
clinical trials in order to determine drug efficacy 
[4]. Later, in the 1970s and 1980s, the seminal 
works of Archie Cochrane [5], David Eddy [6] 
and David Sackett [7] further highlighted the 
need for strengthening the empirical practice of 
medicine and established the key concepts 
behind evidence-based practice.

The first published use of the term “evidence- 
based” in medical literature appeared in a series 
of articles by D. Eddy in 1990 [8]. These papers 
discussed the limitations of expert opinion in 
medical decision making, but focused mainly on 
the development of clinical guidelines, arguing 
that these should be based on substantial evi-
dence, rather than subjective judgment or con-
sensus. In 1991, G.H. Guyatt introduced the term 
“evidence-based medicine”, which differed from 
the definition proposed by D. Eddy, as it had a 
more clinical orientation, promoting the careful 
assessment of existing research evidence by phy-
sicians and its application in their daily decisions 
about individual patients [9]. A more comprehen-
sive article, published a year later by the EBM 
Working Group, presented EBM as a novel para-
digm in the teaching and practice of medicine 
[10], while the User’s Guides to the Medical 
Literature series in JAMA brought the underlying 
concepts of EBM to the attention of a wider med-
ical community [11]. Subsequently, the influence 
of EBM has been constantly growing worldwide, 
resulting in its recognition as one of the most 
important medical milestones since 1840 [12].

 The Principles of Evidence-Based 
Medicine

In its most commonly cited definition, EBM is 
described as “the conscientious, explicit, and 
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judicious use of current best evidence in making 
decisions about the care of individual patients. 
The practice of evidence based medicine means 
integrating individual clinical expertise with the 
best available external clinical evidence from 
systematic research” [13]. Later, this definition 
was refined, emphasizing the importance of 
patients’ values and preferences in optimal clini-
cal decision making. As a result, EBM can more 
accurately be described as the “integration of best 
research evidence with clinical expertise and 
patient values” [14], as depicted in Fig.  1.1. A 
variation of this characterization has also incor-
porated the clinical state and circumstances 
within the context of clinical expertise [15], 
while in a broader definition, that of evidence- 
based practice, health care resources are also 
considered an important parameter for optimal 
decision making [16]. Regardless of the exact 
definition used, the principles of EBM emphasize 
that all medical decisions about a therapeutic or 
diagnostic procedure should be based on high 
quality, up-to-date research evidence, 
acknowledge the importance of clinical expertise 
and intuition and highlight that patient value and 
preference judgements are implicit in every 
clinical decision.

 Best Research Evidence

Research evidence originates from various types 
of studies, including laboratory observations, 
pathophysiologic studies, case reports, observa-
tional studies, or more advanced applied clinical 
research from randomized controlled trials 
(RCTs). EBM acknowledges that not all research 
is created equal and that some study designs are 
more suitable than others in answering specific 
research questions [1]. Therefore, EBM, from its 
early inception, has suggested a hierarchy for 
ranking the quality of evidence [17]. Figure 1.2 
illustrates such a hierarchy framework of evi-
dence. The pyramid shape is used to represent the 
decrease in risk of bias (or increase in quality) 
associated with each study type as one goes up 
the pyramid.

In this hierarchy, RCTs are placed at the high-
est level of the pyramid, thus represent the most 
reliable evidence for determining the effective-
ness of medical interventions, as opposed to 
observational studies or other study designs. 
Notably, since the first documented report of an 
RCT in 1948 (streptomycin treatment for pulmo-
nary tuberculosis [18]), the RCT has been con-
sidered as the most scientifically rigorous method 
for hypothesis testing [19]. In a typical RCT, par-
ticipants are randomly allocated to one or another 
intervention and are followed for a specific 
period. At the end of the study, any differences 
observed in predefined outcomes are attributed 
solely to the trial intervention [19].

Research evidence

EBM

Clinical expertise Patient values

Fig. 1.1 The key principles of evidence- based medicine 
(EBM)

RCTs

Cohort studies

Case control studies

Case series/reports

Expert opinion

Fig. 1.2 The evidence- based medicine pyramid
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However, it is now recognized that evidence 
from RCTs is not necessarily always of high 
quality and that not all research questions can 
be answered through an RCT [1]. For example, 
the diagnostic accuracy of a medical test can be 
answered from a well-conducted cross-sec-
tional study, while an observational study is 
required for a question about prognosis [13]. 
On this account, a revised form of the tradi-
tional evidence pyramid has been proposed, in 
which the straight lines separating study types 
have been converted to wavy lines, suggesting 
that there is overlap in study quality among dif-
ferent designs [20]. For instance, it is possible 
that for a specific research question observa-
tional studies provide more reliable informa-
tion than RCTs. Furthermore, quality of 
evidence does not depend solely on study type, 
but on other parameters as well, such as bias in 
study implementation, imprecision, inconsis-
tency and indirectness. As a result, a more 
sophisticated approach to rating evidence qual-
ity has been developed, termed the Grades of 
Recommendation Assessment, Development 
and Evaluation (GRADE) system [21]. In the 
GRADE framework, non-RCTs begin as low- 
quality evidence, but can be rated up based on 
the parameters mentioned above, as opposed to 
RCTs, that start at high level and can be rated 
down.

Systematic reviews and meta-analyses are an 
additional important tool of EBM [22]. A 
systematic review provides a summary of all 
primary studies about a specific clinical question, 
using predefined methods for identifying, 
critically appraising and synthesizing all available 
research evidence. Due to their explicit 
methodology and cumulative data synthesis, 
systematic reviews are considered to provide 
more reliable and accurate conclusions compared 
to individual studies [22].

 Clinical Expertise

The practice of EBM dictates that research evi-
dence alone is inadequate for optimal decision 
making if the information is not efficiently com-

bined with clinical expertise. Clinical expertise 
includes the general basic skills and proficiency 
acquired through clinical practice, as well as the 
experience of the individual practitioner [23]. 
Clinical expertise can be reflected in many ways, 
including obtaining the right diagnosis, deter-
mining relevant treatment options and placing 
research evidence within the context of the indi-
vidual patient’s clinical state and circumstances 
[23, 24].

Obtaining a history and conducting a physi-
cal examination are essential skills for getting 
the right diagnosis, that come only from thor-
ough background training and clinical experi-
ence [24]. In addition, many diagnostic tests 
may differ in their accuracy depending on the 
skill of the practitioner [10]. In a similar man-
ner, the effectiveness and complications associ-
ated with therapeutic interventions, particularly 
surgical interventions, can also depend on indi-
vidual clinician’s experience and skills [10]. 
Finally, after obtaining the best relevant 
research evidence, the clinician, using sound 
clinical judgement, must determine whether 
the external evidence can be applied to the indi-
vidual patient. In doing so, the clinician must 
consider all relevant comorbidities that may 
influence the treatment effect, in addition to 
research-related factors, such as whether the 
available studies have measured all important 
outcomes, included relevant comparators and 
have a reasonable follow up period [24, 25]. 
Additional features of clinical expertise are 
related to the ability to provide patients with 
the information they need in a manner that 
facilitates informed decision making and devel-
oping values such as integrity, compassion, 
respect and sustained professional curiosity 
[15, 26].

A concise definition summarizing all the 
essential characteristics that constitute clinical 
expertise, has been given by W.S.  Richardson: 
“Clinical expertise includes the deliberate 
practice of communication skills, clinical skills, 
and decision skills, as well as the experiential 
learning that comes through the care of sick 
persons, with the development of clinical 
judgment” [26].

1 The Importance of Applying Evidence-Based Medicine in Clinical Practice
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 Patient Values and Preferences

Clinical expertise and knowing the best research 
evidence are necessary, but insufficient for 
delivering the highest quality of care. The third 
key principle of EBM advocates that clinical 
decisions and recommendations must attend to 
the values and preferences of the informed 
patient. This patient centered approach means 
that it is not the clinician who should exclusively 
decide what will happen to the patient, but it is 
also the patient’s right to participate in decision 
making about their treatment options or 
diagnostic procedures [27].

Values and preferences refer to patient charac-
teristics that can variably affect decision making 
during the clinical encounter. These may include 
experience of former and current illnesses or 
other relevant life experiences, health habits, 
goals and expectations, social or family support, 
and personal beliefs about medical interventions 
[26]. Depending on these factors, patients may 
have either no views or unchangeable views on 
how to proceed with their treatment or diagnostic 
options. Of note, research has shown that consid-
erable variation exists between physicians’ and 
patients’ preferences when it comes to weighting 
the benefits and drawbacks of therapeutic options 
[28]. Moreover, patients’ actions may differ not 
only from their clinician’s advice, but also from 
the preferences and views they expressed during 
the clinical consultation [15]. Thus, in addition to 
exploring patients’ perceptions and values, a cli-
nician should ideally be able to understand the 
procedures individuals use to consider their treat-
ment options, in order to assess whether patients 
are likely to adhere to their prescriptions and 
therapeutic recommendations [29, 30].

From an ethical point of view, respecting 
patients’ preferences should be justified on moral 
grounds alone [31]. Patient centered care has a 
theoretical foundation in the principle of patient 
autonomy, a belief that originates from the 
patients’ rights movement in the 1960s [32]. 
Since then, several medical associations, 
institutions and health planners have endorsed 
and incorporated patient centered care in their 
guidelines, recommendations and policies. In 

fact, the National Health Service Constitution in 
the United Kingdom advocates patient 
participation in decision making [33], while in 
the United States, the Institute of Medicine, in its 
“Quality Chasm” report, has designated evidence- 
based patient centered care as one of six key ele-
ments of high quality care [34].

 Applying Evidence-Based Medicine 
in Clinical Practice

The practice of EBM involves a multi-stage pro-
cess [35]. First, the clinical problem must be 
translated into an answerable question. 
Subsequently, one needs to retrieve the best 
evidence that answers this question and critically 
appraise the findings with respect to their validity 
and usefulness. The fourth step involves 
implementing the results of the appraisal into 
clinical practice, while the final step is related to 
evaluating the effectiveness and efficiency in 
executing previous steps and seeking ways to 
improve them [35].

It has been suggested that clinicians can incor-
porate this five-step process into their practices in 
three different ways [35]. First, in the “doing” 
mode, at least the four first steps are followed 
before a medical decision is made. In the “using” 
mode, step 3 is skipped by restricting the search 
to evidence that has already undergone critical 
appraisal, such as databases of guidelines or pre-
appraised information. Finally, in the “replicat-
ing” mode, decisions are based on respected 
leaders’ opinion, thus both steps 2 and 3 are omit-
ted. Ideally, the “doing” mode should be followed 
in most cases, however depending on the specific 
clinical problem they encounter, physicians can 
move back and forth between the three modes 
[35].

 Formulating an Answerable Question

The practice of EBM should begin with a well 
formulated clinical question. Several times a day, 
physicians are asked to come up with answers to 
various clinical problems in order to make 

T. Karagiannis



7

medical decisions. Questions that arise for most 
clinical situations are typically divided into two 
broad categories [36]:

• Quantitative questions, which aim to discover 
cause and effect relationships by comparing 
two or more individuals or groups based on 
differing outcomes associated with exposures 
or interventions.

• Qualitative questions, which aim to discover 
meaning or gain an understanding of a 
phenomena.

A more detailed categorization of clinical 
questions, based on their type and the respective 
study design that is most appropriate to provide 
answers, is presented in Table 1.1.

The questions that arise may be unstructured 
and complex at first, but it is important that they 
are translated in a clear form before proceeding to 
literature search. A good clinical question should 
be directly focused on the problem at hand and 
structured in a form that can be answered by 
searching the medical literature [37]. Without a 
well-formulated question, it can be impractical 
and very time consuming to search for and iden-
tify relevant evidence. Practitioners of EBM 
often use a specialized framework, called PICO, 
to form more focused and relevant questions [38]. 
PICO stands for Patient (or condition), 
Intervention (or diagnostic test or exposure), 
Comparison, and Outcome (or diagnosis/devel-
opment/prevention of a condition). The PICO 
format can be expanded to PICOT, adding infor-
mation about the Type of question being asked 
(for example therapy, diagnosis, prognosis) or the 
most appropriate study design for that particular 

question [39]. Notably, research has shown that 
the PICO format can help clinicians formulate 
more precise questions and develop more detailed 
search strategies [40, 41].

 Identifying the Best Evidence

After having formulated an answerable and clini-
cally relevant question, the next step is to track 
down the best available research evidence. In 
years past, searching for answers in the medical 
literature was a very daunting process, but nowa-
days the development of internet and large elec-
tronic databases has made searching and retrieval 
of information much easier. To further facilitate 
the identification of high quality evidence for a 
particular clinical problem, the EBM Working 
Group, in its guidance series, originally proposed 
a 4S model for ranking the quality and validity of 
various sources of evidence [24]. This 4S model 
has now been refined to a 6S pyramid that repre-
sents a hierarchy of six literature sources [42]. 
Similarly to the hierarchy based on study design, 
the quality of evidence increases as one goes up 
the pyramid. As illustrated in Fig.  1.3, the 6S 
pyramid begins with original primary studies and 
builds up to synopses of studies, syntheses (sys-
tematic reviews), synopses of syntheses, evi-
dence summaries and systems [42].

When using the 6S model to retrieve research 
evidence, one should begin their search at the 
highest layer. Ideally this would be the “systems” 
layer, placed at the peak of the pyramid. 
“Systems” refer to computerized decision support 
systems, in which individual patient’s 
characteristics are automatically linked (through 

Table 1.1 Types of clinical questions and appropriate study designs

Type of question Interpretation Type of study
Treatment How do we select among different treatments? Randomized controlled trial
Diagnosis How do we identify whether a person has a 

specific condition?
Randomized controlled trial or cross- 
sectional study

Prognosis What is a patient’s likely clinical course over 
time?

Cohort study

Etiology/prevention How do we identify/prevent the causes of a 
specific condition?

Cohort study

Experiences How does it feel to have a specific condition? Qualitative study

1 The Importance of Applying Evidence-Based Medicine in Clinical Practice
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an electronic health record) to all important 
research evidence that are relevant to a specific 
clinical problem [43]. Subsequently, all key 
information is concisely summarized for clini-
cians in the form of patient-specific assessments 
or recommendations. However, to date few such 
systems are available, therefore one would need 
to look for “summaries” as the next best source. 
These “summaries” include pre- appraised 
resources of evidence that are regularly updated 
and integrate evidence-based information about 
specific clinical problems [42]. Such sources 
include DynaMed [44], UpToDate [45], BMJ 
Clinical Evidence [46] and BMJ Best Practice 
[47]. An additional type of pre-appraised summa-
ries are clinical practice guidelines, provided 
they are based on comprehensive search and 
appraisal of the literature and report levels of evi-
dence for each recommendation.

If a clinical question cannot be answered 
through a “summary”, then a synopsis of a syn-
thesis (systematic review) is the next stop. A good 
synopsis summarizes the main methods and find-
ings of a high quality systematic review, providing 
sufficient information to support clinical action 
[42]. Such synopses are available in the Database 
of Abstracts of Reviews of Effects (DARE) [48] 
and in specific journals, including ACP Journal 
Club [49] and Evidence-Based Medicine [50]. 
Notably, other than systematic review summaries, 
these evidence-based abstraction journals also 
provide summaries of individual primary studies.

If more detail is needed or no synopsis is 
available, one should look for original systematic 
reviews or primary studies. These can be identi-
fied through search of electronic databases, such 
as PubMed, EMBASE and the Cochrane Library, 
by using relevant keywords (based on the PICO 
format of the clinical question) and specific study 
type search filters [51]. Finally, search engines 
like TRIP [52] or Epistemonikos [53] sort evi-
dence across a broad range of various sources, 
including guidelines, structured summaries, sys-
tematic reviews and primary studies.

 Critically Appraising the Evidence

Not all published research is good or even trans-
ferable to a particular patient. Therefore, the evi-
dence retrieved from the literature search during 
step 2 must be critically appraised in terms of its 
quality (internal validity) and generalizability or 
applicability (external validity) [54]. Assessment 
of external validity of research findings is an 
issue regardless of the source of evidence, as it is 
related to whether the patient of interest differs 
significantly with the reference population, in 
terms of clinical or demographic characteristics, 
such as comorbidity, age, stage of disease, overall 
health status or concomitant medications. With 
regards to internal validity, it is reasonable to 
assume that evidence from most pre-appraised 
literature sources has been adequately peer-
reviewed beforehand; however, this is not the 
case with primary research, such as individual 
studies, systematic reviews or even some guide-
lines. On this account, expert committees have 
issued formal guidance for optimal reporting for 
different types of studies. These are available at 
the EQUATOR website [55] and include 
CONSORT [56], STROBE [57], PRISMA [58] 
and RIGHT [59] statements for RCTs, observa-
tional studies, systematic reviews and clinical 
practice guidelines, respectively. In addition, use-
ful tools for critical appraisal covering a wide 
range of research designs have been developed 
by the Critical Appraisal Skills Programme 
(CASP) and are freely available online [60].

Systems

Summaries

Synopses of syntheses

Syntheses

Synopses of studies

Studies

Fig. 1.3 The 6S pyramid of evidence sources
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 Implementing the Results in Clinical 
Practice

The fourth step is perhaps the most complex, as 
it involves adjusting the evidence findings to the 
unique clinical circumstances, personal values 
and preferences of an individual patient. Under 
this premise, all relevant key evidence should 
be fully discussed during the clinical consulta-
tion, allowing for a therapeutic alliance to be 
formed between the patient and the clinician 
[37]. In particular, information should be tai-
lored to patients’ needs in order to permit mean-
ingful deliberation and ideally facilitate shared 
decision making [31]. The shared decision 
making model has been seen as a mechanism of 
decreasing the informational and power asym-
metry between patient and physician, by 
increasing patients’ knowledge, enhancing their 
sense of autonomy and engaging them in mak-
ing decisions, insofar as they wish to participate 
[61]. Shared decision making is increasingly 
advocated as an ideal model for most medical 
encounters and several countries have adopted 
policies that support its implementation within 
their healthcare systems [62]. It should be noted 
however, that shared decision making does not 
mean merely presenting the patient with a series 
of decision options alongside their respective 
advantages and drawbacks. Instead, real shared 
decision making involves introducing research 
evidence in a way that informs a dialogue about 
what matters to the patient, what is the best 
course of action and how this may affect the 
patient’s well-being [63].

To facilitate this patient centered approach, 
a variety of tools for use during the clinical 
consultation have been developed for several 
medical conditions. According to a Cochrane 
systematic review, these decisions aids are 
“interventions that support patients by making 
their decisions explicit, providing information 
about options and associated benefits/harms, 
and helping clarify congruence between deci-
sions and personal values” [64]. Two distinct 
types of decision aids have been described, 
patient decision aids (PtDAs) and conversation 

aids. Both types include a concise description 
of current research evidence about a medical 
condition and relevant treatment (or diagnostic) 
options, in a manner that can be easily under-
standable by patients [65]. However, while 
PtDAs aim is to improve patient knowledge and 
encourage patient involvement in decision 
making, conversation aids take this process one 
step further, by directly supporting and improv-
ing the quality of conversations that patients 
and clinicians have when making decisions 
together [66].

 Evaluating the Overall Process

The fifth and final step involves evaluation our 
overall approach at frequent intervals in order 
to decide whether we need to improve any of 
the four steps. During this process, we need to 
ask whether we have formulated answerable 
questions, effectively identified and critically 
appraised the literature and integrated best 
available evidence with our clinical expertise 
and patient’s values in the decision making 
[37]. In addition, it is also important to assess 
whether our overall approach has had a favor-
able effect on patient important outcomes. 
Interestingly, self- evaluation tools in practicing 
EBM are available online [67], while, accord-
ing to a Cochrane systematic review, external 
audit and feedback on the practice of health-
care professionals can improve their perfor-
mance [68].

 The Importance of Evidence-Based 
Medicine

Despite its widespread recognition, EBM has 
also received criticism both by clinicians and 
researchers. However, as explained below, most 
of these criticisms are misperceptions, either of 
the definition of EBM or the way it should be 
practiced. Once cleared up, these misinterpreta-
tions highlight the benefits and importance of 
EBM.

1 The Importance of Applying Evidence-Based Medicine in Clinical Practice
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 Evidence-Based Medicine Is Superior 
to Experience-Based Medicine

Given that clinical practice has long been domi-
nated by expert opinion and many guideline 
committees have used, and probably still use, 
expert consensus to make recommendations, 
one could argue that physiological reasoning 
and expert opinion should be the main drivers in 
clinical decision making. It has also been 
claimed that EBM does not represent a scientific 
approach to medicine and that reliance research 
evidence when making medical decisions, is 
problematic [69].

However, there are many examples where 
EBM, through the use of either RCTs or 
systematic reviews, has rightfully questioned 
unsubstantiated therapeutic claims of 
interventions that were later proven to be 
ineffective or even harmful [24]. It was only after 
the completion of RCTs, that administration of 
growth hormone in critically ill patients [70], 
ibopamine [71] and epoprostonol [72] in heart 
failure, and beta-carotene in patients with prior 
myocardial infarction [73] were associated with 
an increased mortality rate. Similarly, an RCT 
was necessary to establish the favorable effects of 
beta-blockers in reducing mortality in congestive 
heart failure, despite long-held beliefs that their 
negative inotropic action would be detrimental to 
these patients [74]. Well-conducted systematic 
reviews have equally contributed in improving 
the standards of healthcare [1]. Such examples 
include incorporating use of short course of oral 
steroids for community-acquired pneumonia [75] 
and establishing standards of care for early breast 
cancer [76]. Moreover, uptake of guidelines can 
have a major beneficial community effect, 
provided their development is supported by 
robust research evidence, as demonstrated by a 
decrease in asthma-related morbidity and 
mortality [77] and reductions in thromboembolic 
complications [78]. Of note, the Academy of 
Medical Royal Colleges in the United Kingdom 
has recently launched a booklet titled “Evidence 
based medicine matters”, which contains 15 
examples where EBM has benefited clinical 
practice in various medical specialties [79].

 Evidence-Based Medicine Encourages 
the Development of Clinical Skills 
and Expertise

A common criticism of EBM is that it repre-
sents a “cookbook” in the sense that it regards 
clinical expertise mainly as a matter of collect-
ing, analyzing and summarizing research done 
by others [80]. It has also been suggested that 
EBM, by encouraging blind adherence to guide-
lines, has shifted clinical decision making from 
the consultation room to the “professional asso-
ciation” [27].

Nevertheless, since the inception of EBM, its 
proponents have highlighted that external clini-
cal evidence should not replace, but complement 
a physician’s clinical intuition and judgement 
during the decision making process [13]. In fact, 
the original guidance series issued by the EBM 
Working Group underscore that a good under-
standing of the pathophysiological background 
of the disease in addition to clinical skills, such 
as careful history taking and physical examina-
tion, play a crucial part in the implementation of 
EBM [10]. Moreover, it is highlighted that teach-
ers of EBM should be exceptional clinicians with 
a talent of precise observation, a gift for intuitive 
diagnosis and excellent judgment in making dif-
ficult management decisions [10]. Therefore, 
rather than diminishing the role of expertise and 
judicious clinical judgment, appropriate applica-
tion of EBM values experiential thinking and 
encourages physicians to continuously improve 
or acquire new clinical skills. Even though some 
practitioners of EBM may also do research, it is 
important to remember that its practice is a 
method for providing care for patients and not a 
method for performing research [35].

 Patients Are at the Core of Evidence- 
Based Medicine

Evidence-based medicine has also been accused 
that it disregards patients’ unique knowledge and 
experience and ignores their needs and 
preferences [81]. Sweeney et  al. suggest that 
EBM represents a doctor centered, rather than a 
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patient centered, approach, claiming that it 
focuses on the clinician’s interpretation of the 
evidence and diminishes the importance of 
human relationships and the patient’s role in 
decision making [82].

Again, these claims are inconsistent with the 
true definition of EBM.  The practice of EBM 
strongly emphasizes the importance of adjust-
ing the evidence to patients’ preferences and 
incorporating their personal values and per-
spective into decision making. Moreover, 
shared decision making, albeit originally devel-
oped as a separate concept, is now being recog-
nized as an integral component of the third 
principle of EBM [83]. Without shared decision 
making, authentic EBM cannot occur, since it is 
only through evidence-informed deliberations 
that patients can construct informed prefer-
ences and subsequently incorporate the evi-
dence, along with their values and their 
clinician’s expertise, into their decision making 
[83]. As a result, in recent years a lot of research 
has focused on how to effectively implement 
shared decision making using decision aid 
tools. Interestingly, a recent Cochrane system-
atic review has identified 105 RCTs of shared 
decision making tools, assessing 50 different 
decisions and involving approximately 31,000 
patients [64].

 Implementation of Evidence-Based 
Medicine Is Practical and Not 
Time-Consuming

It is true that certain skills, such as being able to 
identify and critically appraise research evi-
dence, are prerequisites for effective application 
of EBM. On this account, one could claim that 
EBM is intended only for those few who have 
the time and resources to develop these skills 
and implement them in their daily clinical prac-
tice. This argument, often cited as the “ivory 
tower” concept, suggests that most busy clini-
cians are not able keep pace with the rapid 
advances in healthcare research and are unwill-
ing to invest additional time in acquiring EBM 
skills [35].

To overcome these time-related barriers and 
facilitate faster retrieval of high quality evi-
dence, EBM makes use of systematic reviews 
and more importantly of sources of pre-
appraised evidence [42], which can be quickly 
assessed at the point of care [84]. Even when 
searching for primary studies is deemed neces-
sary, use of certain search strategy guidance 
[51] or certain applications, such as PubMed 
Clinical Queries [85], can help save consider-
able time. Finally, according to survey studies, 
most physicians have shown interest in acquir-
ing EBM skills [35], which can be done at any 
stage of the clinical training, even during medi-
cal school. In fact, a cross-sectional study has 
shown that early introduction of EBM in pre-
clinical years was favorable for students and 
enabled them to critically apprehend and 
appraise new research findings and medical 
innovations [86].

 Evidence-Based Medicine Makes 
Effective Use of Different Types 
of Research

EBM has been criticized for placing great focus 
on RCTs, resulting in lack of applicability in 
individual patients, as well as being largely 
industry driven [69]. However, these claims do 
not do justice to EBM.  Although RCTs are 
usually considered the “gold standard” for 
establishing the effects of an intervention, EBM 
recognizes that other study designs are more 
suitable for providing answers about diagnosis, 
prognosis or harms [35]. Moreover, from its early 
days, EBM has acknowledged the necessity for 
individualization of care. In particular, EBM has 
provided guidance on the credibility of subgroup 
analyses and the effect of baseline characteristics 
on treatment outcomes [87]. Additionally, it has 
championed N of 1 trials, which are conducted in 
individual patients in whom the benefits and 
harms of treatments are uncertain [88]. Finally, 
EBM has given great consideration to issues 
related to researchers’ conflicts of interest and 
industry’s influence on the publication of research 
findings [89].
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 Uptake of Evidence-Based Medicine 
Can Improve Healthcare-Related 
Outcomes

It is reasonable for critics of EBM to ask for 
actual evidence that practicing EBM can actually 
improve patient outcomes [90]. However, 
assessing the effectiveness of EBM as a whole 
concept is most likely impractical, as it is not 
clear how to define “non evidence-based” 
medical practice, while it is also questionable 
whether withholding access to evidence from a 
control arm would be ethical [35]. However, 
research has been done on evaluating various 
individual steps of the EBM process, mainly 
related to identification or application of evidence 
retrieved from literature searches, and 
implementation of shared decision making.

In a cross-sectional study, rapid answering 
strategies based on searching PubMed and 
Epistemonikos proved feasible to implement by 
internal medicine clinicians and provided 
appropriate guidance for clinical questions [91]. 
In another study, 33 internal medicine physicians 
were presented with research information from 
standardized literature searches, after they had 
committed to a specific diagnosis and treatment 
plan for 146 inpatients [92]. Physicians changed 
treatment for 23 (18%) patients, while quality of 
patient care, as judged by an independent panel, 
improved in 18 (78%) of these patients [92].

Moreover, a study comparing hospitals with 
online access to UpToDate with other acute care 
hospitals, found that hospitals with UpToDate 
access were associated with significantly lower 
mortality and complications rates and a shorter 
length of stay [93]. In a similar retrospective 
study, in addition to reduced mortality and shorter 
length of stay, hospitals that had adopted 
UpToDate demonstrated higher quality perfor-
mance across various inpatient quality measures 
for four common medical conditions [94].

Furthermore, a systematic review of studies 
that evaluated shared decision making, concluded 
that patients reporting that they had participated 
in shared decision making, are likely to enjoy 
better affective-cognitive outcomes, such as 
improved satisfaction and decisional comfort 

[95]. Finally, according to a Cochrane systematic 
review on decision aids, patients exposed to 
decision aids had better knowledge about 
treatment options and outcomes, felt clearer 
about their values, and were more likely to 
actively engage in decision making, in comparison 
to usual care [64].

 Current Challenges and Future 
Implications

Despite its numerous achievements and benefits, 
EBM is not devoid of barriers or limitations. 
Leaders and proponents of EBM have highlighted 
that EBM is an evolving concept, and cautioned 
against its inappropriate use [29, 96]. Recently, a 
report summarizing the current challenges of 
EBM has been published in The BMJ [96], while 
a relevant website, named EBM manifesto [97], 
has been developed with the intention to encour-
age working groups to identify, suggest and imple-
ment solutions for better evidence and healthcare. 
Based on these data, the key challenges of EBM at 
its current state are mainly related to improving 
the quality and applicability of research and facili-
tating its efficient uptake in clinical practice.

 A Call for Improving the Applicability 
of Primary Research

As mentioned earlier, an important disadvantage 
of RCTs is their limited generalizability in real- 
world patients, given that they recruit selected 
patients who fulfil specific eligibility criteria and 
are studied under a highly controlled environment. 
As a result, there is an increasing call from the 
medical and academic community for trials that 
produce more transferable findings to the daily 
clinical practice [98]. On this account, pragmatic 
trials have been proposed as a viable alternative 
to RCTs. Such trials are conducted under usual 
conditions, have broad inclusive criteria and offer 
practitioners considerable freedom in deciding 
how to apply the intervention or comparators of 
interest [99]. Pragmatic trials aim to answer the 
clinically relevant question of “which of two  
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(or more) treatments should we prefer” for our 
real- world patients, as opposed to traditional 
explanatory RCTs, which address “whether a 
difference exists between two treatments (one 
usually being a placebo) that are specified by 
strict definitions” [99]. Of note, specific tools 
related to both the design and critical appraisal of 
pragmatic trials have been developed [100, 101]. 
Notably, randomized registry trials are an 
innovative type of pragmatic trials that can 
further facilitate the incorporation or “real-world 
data” in primary research [102]. In a randomized 
registry trial, a clinical registry can be used to 
identify patients for enrolment, perform 
randomization, collect baseline variables, and 
detect end points. In comparison to traditional 
RCTs, they are inexpensive, less selective and 
enable fast enrolment and the possibility of very 
long-term follow-up [102].

 A Need for More Patient-Oriented 
Research

Patient centered care may have acquired a promi-
nent role in the healthcare agenda of various 
nations and medical associations, however con-
siderable efforts are still required in order to 
determine what patients consider important and 
to ensure that their expectations are met by 
healthcare providers [31]. In addition to shifting 
the focus from clinically important outcomes to 
patient important outcomes [103], the field of 
patient-oriented care would be significantly 
enriched by qualitative research. Indeed, a lot of 
people in the EBM community acknowledge the 
utility of qualitative research in describing 
patients’ experience and understanding their 
views [104]. Qualitative research can yield more 
valid information about subjective experiences, 
whereas a quantitative study might lose this depth 
and meaning [105]. In addition, information from 
qualitative studies may highlight important areas 
which require further quantitative assessment. 
Therefore, qualitative research should be viewed 
as complementary to quantitative research, and 
not as a type of study with lesser validity and 
robustness.

Moreover, despite the considerable progress 
that has occurred in the field of shared decision 
making during the last decade, current research 
has not yet established the link between shared 
decision making and patient behavioral or health 
outcomes [95]. Therefore, future studies should 
assess the impact of shared decision making 
across a continuum of outcomes and clinical 
settings and address the methodological 
challenges on how best to measure shared 
decision making [95]. Furthermore, it is unknown 
whether currently available decision aid tools can 
actually promote patient participation in making 
important healthcare decisions, other than merely 
presenting a summary of relevant research 
information [106]. On this account, future 
research should probably focus on designing 
more efficient and practical conversation aids 
that make intellectual and emotional sense to 
patients and encourage them to have meaningful 
conversations with their clinician [106].

 Bridging the Gap Between Research 
and Clinical Practice

Engaging healthcare professionals in learning 
EBM and making it part of their clinical routine 
has always been one of the main challenges of 
EBM.  To achieve a wider and more efficient 
uptake of EBM in daily clinical practice, physi-
cians should be introduced to its principles at an 
early stage of their professional development, 
ideally during their medical training. Indeed, the 
need to develop a curriculum outlining the mini-
mum standard requirements for training health 
professionals in EBM is now well recognized 
[107]. Other methods of teaching EBM to prac-
tice clinicians include morning reports, teaching 
conferences, and journal clubs [108]. However, 
EBM is best taught at the bedside, on the grounds 
that it is all about practicing medicine on actual 
patients at a real clinical setting and not about 
doing research. In addition, timely uptake and 
application of evidence-based knowledge 
requires, not only ready access to modern and 
high-quality information sources, but also effi-
cient production and dissemination of both  
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systematic reviews and practice guidelines [109]. 
In turn, this can be accomplished by creating 
experienced research teams focused in producing 
rigorous evidence summaries and in developing 
electronic platforms that facilitate rapid updating 
of the medical literature [1].
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 Introduction

When physicians begin to read the research lit-
erature in their chosen field, one of the first things 
they will discover is that knowledge of statis-
tics is essential. This chapter provides an over-
view of essential statistical methods available to 
landmarks trials that investigate hypertension. It 
begins with an introduction to the types of vari-
ables and then demonstrates methods for summa-
rizing, visualizing, and understanding data. The 
chapter continues with basic principles in the 
context of hypothesis testing and interpretation 
of effect sizes, confidence intervals and p-values. 
The authors also describe the process of selecting 
the appropriate statistical test in bivariable analy-
sis (e.g., t-test, ANOVA, Kruskal-Wallis, chi-
squared test) and outline basic regression models 
(multivariable analysis), with a special emphasis 
on survival analysis and Cox proportional haz-
ards model. It also briefly covers topics such 
as intention-to-treat and per protocol analyses, 
interim analysis, subgroup and sensitivity anal-
yses, sample size calculation and power of the 
study. The focus of the chapter is not on compu-
tational formulas, but on basic concepts and ideas 
with practical examples from published trials. At 
the end, the reader will have learned the essential 

principles and tools of biostatistics required for 
research in hypertension field.

 Population, Sampling, Study Design 
and Randomization

In epidemiology and biostatistics, the term popu-
lation is used for any collection of units, which 
are often people, but may be, for example, insti-
tutions, events, etc. about which the researcher 
wish to investigate particular properties and draw 
some conclusions [1].

The sample is a finite part or subset of the 
accessible population that participates in the study 
[1]. The gold standard for ensuring generalizabil-
ity (external validity) is the probability sampling. 
These methods use a random process to guarantee 
that each unit of the population has the same 
probability of being chosen in the sample [2, 3].

Clinical trials can be classified in several ways, 
depending on their design. From most to least com-
mon in the healthcare literature [4], the major catego-
ries of randomized trials are summarized in Table 2.1.

The random procedure that is used by a trial 
design is called randomization method. The most 
usual randomization methods are simple random-
ization, block randomization and stratified 
 randomization [11, 12]. A combination of these 
methods can also be used in trial designs, and 
other special methods do exist.

An example from the literature with these 
basic concepts is presented below:
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Table 2.1 Classification of randomized trials based on design

Study design (guidelines) Defining characteristics Example of trial
Parallel group
(CONSORT 2010 [5])

Each participant is randomized to 
one of the intervention arms.

The Valsartan Antihypertensive Long-Term Use 
Evaluation (VALUE) Trial [6].

Crossover
(under developmenta)

Each participant is exposed to each 
intervention in a random sequence 
(all patients eventually get all 
treatments in varying order).

Spironolactone versus placebo, bisoprolol, and 
doxazosin to determine the optimal treatment 
for drug-resistant hypertension (PATHWAY-2): 
a randomized, double-blind, crossover trial [7].

Cluster
(CONSORT extension 
2012 [8])

Clusters of individuals (for example, 
clinics and schools) are randomly 
allocated to different study arms.

Patient education and provider decision support 
to control blood pressure in primary care: A 
cluster randomized trial [9].

Factorial (under 
developmenta)

Participants are randomly assigned to 
individual interventions or a 
combination of interventions

Effect of blood pressure lowering and 
antihypertensive drug class on progression of 
hypertensive kidney disease: results from the 
AASK trial [10]. (3 × 2 factorial design)

ahttp://www.equator-network.org/library/reporting-guidelines-under-development/

Example: Treatment of Hypertension in 
Patients 80 Years of Age or Older- Hypertension 
in the Very Elderly Trial (HYVET) [13]

Population: Patients of 80  years of 
age  or older with persistent hypertension 
(defined as a sustained systolic blood pres-
sure of 160 mm Hg) living in Western and 
Eastern Europe, China, Australasia, and 
North Africa.

Sample (size): Entry of 4761 patients

Study design: 3845 patients; 1933 patients 
assigned to diuretic indapamide and 1912 patients 
to matching placebo alone (parallel groups).

Randomization method: Randomization 
was stratified according to age (80–89  years 
and 90  years or older) and sex; permuted 
blocks of 4 and 6 of any 10 patients were used 
to ensure roughly equal assignment to each of 
the two groups within large centers. (Stratified 
and blocked randomization). 

4761 Patients entered the placebo run-in phase

916 Did not undergo randomization
59 Were in run-in phase when trial was
     stopped
12

280 Withdrew consent
461 Did not meet protocol criteria
65 Were at a center that closed

30 Died

3845 Underwent randomization

1933 Were assigned
to active treatment

1912 Were assigned
to placebo

9 Were at a center at which quota had
   been reached

Were eligible but did not undergo
randomization before trial was stopped
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 Characteristics of the Subjects 
as Variables: Basic Types

In any particular trial, several characteristics 
(such as sex, age, ethnicity, smoking status, sys-
tolic blood pressure, or even an event like death 
from cardiovascular causes) are recorded for the 
participants of the study. In statistical terms these 
characteristics are called variables since they 
vary from subject to subject or from time to time 
[1]. Variables can take either categorical (qualita-
tive data) or numerical (quantitative data) values 
(Fig. 2.1). The type of data is crucial for the deci-
sion regarding presentation (summary measures 
and graphs) and the techniques of data analysis 
that are employed [14, 15].

 Categorical Variables

Variables are categorical when their data are 
placed into distinct groups with appropriate 
labels according to some qualitative characteris-
tic or attribute, for instance place of birth, ethnic 
group, or type of drug [1, 16]. Categorical vari-
ables can be further divided into either nominal 
or ordinal variables. Nominal variables have two 
or more categories such as sex (male or female) 
or blood group (A, B, AB, or O) without natural 
ordering, while ordinal variables have an intrin-
sic order such as degree of pain (none, mild, 
moderate, or severe) [14, 15]. Note: A nominal 
variable like sex (male or female) or survival sta-
tus (alive or dead) which can take only two pos-
sible categories is also called binary or 
dichotomous [14, 16].

 Numerical Variables

Numerical variables take arithmetic values. They 
can be subdivided in discrete or continuous vari-
ables. Discrete variables can only take values of a 
countable set of numbers (which are usually the 
whole numbers 0, 1, 2, 3, etc.). Examples of dis-
crete variables are the heart rate (beats/min), the 
number of visits to a GP in a year and the hospi-
talization days. In contrast, continuous variables 
have no limitation on the values that they can 
take. The baseline characteristics such as weight, 
height or blood pressure of the participants are 
examples of common continuous variables in a 
trial. However, the actual measurements are 
restricted by the accuracy of the method used for 
measuring the value [14, 15].

Moreover, categorization of numerical variables 
is also common in clinical research although there 
is a cost of loosing information [1]. For example, 
in the Systolic Blood Pressure Intervention Trial 
(SPRINT) [17] the continuous variable of systolic 
blood pressure was categorized into three catego-
ries (≤132 mm Hg, >132 mm Hg to <145 mm Hg, 
≥145 mm Hg) and was presented in the table of 
baseline characteristics.

 Variables from a Different Point 
of View

Information on a particular variable is usually 
collected for one of two reasons. The first is when 
the variable is an outcome of interest. An out-
come variable is a characteristic which is believed 
to be affected by the values taken by other  

Variables

Categorical
(qualitative data)

Numerical
(quantitative data)

Discrete
e.g. hospitalization

days (1,2,3..)

Continuous
e.g. height
(175 cm)

Ordinal
e.g. degree of pain

(non/mild/moderate/
severe)

Nominal
e.g. sex

(male/female)

Fig. 2.1 Different types 
of variables. They can 
take either categorical 
(qualitative data) or 
numerical (quantitative 
data) values. The 
numerical variables can 
be converted into 
categorical variables. 
(Adapted from Aviva 
and Sabin [14])
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variables [18]. It is also called a response or  
dependent variable. The outcomes measures can 
be defined as primary or secondary endpoints 
[19] based on the primary or secondary objec-
tives of the trial, respectively. For example, in the 
main Hypertension in the Very Elderly Trial 
(HYVET) [13] that investigated the relative ben-
efits and risks of antihypertensive treatment in 
patients 80 years of age or older, the primary end-
point was any stroke (fatal or nonfatal). Secondary 
endpoints included death from any cause, death 
from cardiovascular causes, death from cardiac 
causes, and death from stroke.

The second type of variable that the researcher 
would want to collect information on is an 
explanatory variable [18]. This is a factor that 
may influence the outcome or the association of 
the exposure and outcome (confounding factor). 
Such a variable partly explains the variability of 
the outcome. They are also called independent or 
predictor variables. In the HYVET study some of 
the explanatory variables were sex, age, baseline 
systolic blood pressure while seated, and previ-
ous cardiovascular disease.

 Presenting Summaries of Variables

 Summary Measures and Graphs 
for Categorical Variables

Categorical data are typically summarized by 
reporting the number (absolute frequencies) and 
the percentage (relative frequencies) of cases 
occurring into each category. The information 
from two categorical variables at once can be pre-
sented in a two-way table (cross table or contin-
gency table), such as the one shown in Table 2.2 
(one categorical variable is the race/ethnicity with 
five categories and the other is the treatment 
groups of the trial; data are from the Controlled 
Onset Verapamil Investigation of Cardiovascular 
End Points [CONVINCE] trial [20]) and this dis-
play of data is called a frequency distribution [21].

From this table we can see that in both treat-
ment groups the majority of patients were white 
(COER verapamil group  =  84.2%, Atenolol or 
Hydrochlorothiazide group  =  84.5%). Another, 

important feature of this table is that the percent-
ages within each treatment group (column per-
centages) add up to 100% (e.g., COER Verapamil 
group 84.2% + 6.9% + 1.2% + 7.3% + 0.4% = 1
00%). Moreover, this is a way to cross-check that 
the calculations have been performed correctly.

For categorical demographic variables, such 
as race/ethnicity, authors may well find that 
tables suffice for simple and concise recording of 
data. However, if the information in the table is 
sufficiently important, communicating it graphi-
cally may be a better choice [22]. For example, 
the reader of CONVINCE study [23] can imme-
diately recognize from the presented side by side 
(or grouped) bar graph (Fig. 2.2) that for the pri-
mary end point, in each treatment group, more 
participants had primary events between 6  AM 
and noon than any other 6-h period.

Bar graphs are frequently used to present cat-
egorical variables. Another study that provides 
informative bar graphs is the Symplicity HTN-1 
study [24]. This open-label study investigated the 
long term changes in blood pressure after renal 
denervation (RDN) in patients with treatment- 
resistant Hypertension. The proportion of patients 
with systolic blood pressure of 180  mm Hg or 
higher decreased over the duration of the study, 
from 30% at baseline to 5% at 36 months. The 
proportion who achieved target systolic blood 
pressure values of less than 140 mm Hg increased 
significantly at all time points (Fig. 2.3; stacked 
bar graph). At 1  month after RDN, 55 of 80 
(69%) patients had reductions in systolic blood 
pressure of at least 10  mm Hg, which rose 

Table 2.2 Cross table of the race/ethnicity and the treat-
ment group for the participants in CONVINCE trial

Race/
ethnicity

Treatment
No. (%) of participants

COER Verapamil 
(n = 8179)

Atenolol or 
Hydrochlorothiazide 
(n = 8297)

White 6864 (84.2) 6981 (84.5)
Black 559 (6.9) 563 (6.8)
Asian 99 (1.2) 100 (1.2)
Hispanic 592 (7.3) 579 (7.0)
Other 36 (0.4) 41 (0.5)

Data are available in CONVINCE trial [20]
Abbreviation: COER controlled-onset extended-release
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 progressively to 82 of 88 (93%) at 36  months. 
Reductions of 20 mm Hg or more were seen in 68 
of these 88 patients (77%) (Fig. 2.4; grouped bar 
graph with percentages).

A pie chart is another graph that can be used 
for the presentation of the categorical variables. 
The chart consists of a circle subdivided into sec-
tions, one for each category or group, so that the 

COER Verapamil Atenolol or Hydrochlorothiazide
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Fig. 2.2 Time of onset of first cardiovascular disease–
related event was determined for 277 participants in the 
controlled onset extended-release (COER) verapamil 

group and 274 participants in the atenolol or hydrochloro-
thiazide group. (Grouped bar graph with frequencies; 
adapted from CONVINCE study [23])
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treated patients (stacked 
bar graph). (Adapted 
from Symplicity HTN-1 
study [24])
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area of each section is proportional to the fre-
quency in that category [14]. This type of chart is 
rarely used in scientific papers [25] because it 
requires too much space to present too little infor-
mation, whereas there are better visualization 
alternatives such as bar charts. For example, the 
pie chart in Fig. 2.5 represents the distribution of 
patients (n = 150) according to their blood pres-
sure value at baseline, that is the first stacked bar 
(baseline) of the Fig.  2.3. If the researcher had 

decided to present all the information of the graph, 
it would be needed multiple pie charts (five differ-
ent pie graphs). However, multiple pie charts 
takes up a lot of the limited manuscript space and 
are difficult to analyze and interpret, especially 
when comparing adjacent pies [26, 27].

 Summary Measures and Graphs 
for Numerical Variables

Two basic summary measures should be reported 
for a numerical variable. The first measure indi-
cates where the center of the distribution of the 
values lies. This is an index of location (or central 
tendency) because it defines the center, or mid-
dle, of the sample data. The second measure 
describes the ‘spread’ of the observations, how 
widely the values are spread above and below the 
central value, and is called variability (or disper-
sion) of the distribution.

 Measures of Location
There are three measures commonly used to 
describe the location or ‘center’ of the distribu-
tion of a numerical variable [28]:
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Fig. 2.4 Proportion of patients assessed to 36 months who showed treatment responses at different time points in the 
study (grouped bar graph with percentages). (Adapted from Symplicity HTN-1 study [24])
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Fig. 2.5 Distribution of patients (n = 150) according to 
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 1. Arithmetic Mean

The mean (or average), of a set of values is 
calculated by summing up all the values of obser-
vations and dividing by the total number of 
observations. The mathematical formula for n 
observations is
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where xi is the ith observation of the sample. The 
capital Greek sigma Σ is a summation sign and is 
simply a short way of writing the quantity 
x1 + x2 + x3 + … + xn − 1 + xn.

The arithmetic mean is, in general, a natural 
measure of location and uses all the data values. 
However, it is influenced by extreme values, 
known as outliers or distorted by skewed data.

 2. The Median

The median of a variable is the place that 
divides the data in half, once the data are ordered 
from smallest to largest. It is thought to be the 
“middle” value.

The sample median is:
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The median can be more appropriate for dis-
tributions that are skewed. When the distribution 
is symmetrical, the median equals the mean.

 3. The Mode

The mode is the most frequently occurring 
value among all the observations in a sample. 
There may be more than one mode if two values 
are equally frequent. The major disadvantage is 
that it ignores most of the information.

 Measures of Variability
Several different measures can be used to describe 
the variability of a sample [28]. Two different 

variables can have the same arithmetic mean but 
can be made up of very different values.

 1. Range

Perhaps the simplest measure is the range. It is 
defined as the difference between the largest and 
the smallest observations in a sample. The range 
is markedly influenced by extreme values.

 2. Variance

The average of the squares of the deviations 
from the sample mean. The resulting measure of 
spread, denoted by s2, is:
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The units of the variance are the square of the 

units of the original observations. Variance is 
sensitive to outliers and it is inappropriate for 
skewed data.

 3. Standard deviation

The standard deviation (SD) is defined as the 
square root of variance.
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It is evaluated in the same units as the raw 
data. As the variance, it is sensitive to outliers and 
thus it is inappropriate for skewed data.

 4. Interquartile range (IQR)

Range between percentiles (percentile is the 
value below which a given percentage of the data 
observations occur. e.g., the 25th percentile is the 
value below which 25% of the observations may 
lie) can also measure the variability of the sample. 
A common range used is the interquartile range 
(IQR), which is the range between the 25th and 
75th percentile, thus the middle 50% (75%–25%) 
of the data is included between these two values. 
Again, data have to be ordered first from smallest to 
largest value. It is appropriate for skewed data.
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Example
Suppose 11 baseline home systolic blood pressure records (mm Hg) in a trial with resistant 
hypertension:

Mean

  x =
+ + + + + + + + +134 9 143 7 151 0 132 4 150 2 148 0 148 7 162 3 131 5 16. . . . . . . . . 22 3 137 8

11
1602 8

11
145 7

. .

.
.

+
=

= =x mmHg

Median
131.5, 132.4, 134.9, 137.8, 143.7, 148.0, 
148.7, 150.2, 151.0, 162.3, 162.3
Md = 148.0

Mode
134.9, 143.7, 151.0, 132.4, 150.2, 148.0, 
148.7, 162.3, 131.5, 162.3, 137.8
Mo = 162.3 mm Hg

Range
Range = 162.3–131.5 = 30.8 mm Hg

Standard deviation (sd) and percentiles can be 
easily calculated with a statistical package 
such as R program:

Standard deviation (sd)
sd = 10.8 mm Hg

Interquartile range (IQR)
Percentiles

 

0 50 100

131 5 148 0 162 3

% % % % %

. . . . .

25 75

136 4 150 6

Therefore 
IQR = (150.6–136.4) = 14.2 mm Hg.

 Histogram
The histogram is a graphical representation of the 
distribution of numerical data. They are typically 
used as tools for inspecting the distribution of 
numerical variables and get a “feel” for the data. 
A histogram gives information about [29]: 

• How the data are distributed (Fig.  2.6): (a) 
left- skewed, (b) symmetric (e.g., normal dis-
tribution), (c) right- skewed.

• The amount of variability in the data
• Where the “center” of the data is (approxi-

mately) located

In an approximately normal distribution such 
as Fig. 2.6b, the mean (red line), the median (blue 
line) and the mode (green line) have very close 
values and the histogram is symmetric about the 

mean. Moreover, “nearly all” values (99.7%) of a 
normal distribution are within the interval ( x  − 
3sd, x  + 3sd).

 Box Plot
A box plot chart is another graph that can be used 
for conveying location and variation information 
for continuous data, particularly for detecting 
changes between different groups of data before 
any formal analyses are performed. Figure  2.7 
illustrates such a diagram that examines the 
yearly risk of recurrent lobar intracerebral hem-
orrhage (ICH) based on systolic blood pressure 
categories [30].

Box lower and upper margins indicate 25th 
(known as Q1; the value at which 25% of the 
data fall below) and 75th percentiles (known as 
Q3; the value at which 25% of the data fall 
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above) of yearly risk of recurrent lobar ICH, 
respectively; therefore, the boxes include the 
middle 50% of the observations. Horizontal 
lines in boxes indicate median values (50th per-
centile; Q2); error bars (or whiskers) indicate 
maximum and minimum estimated values in 
each distribution (Spear-style). Note: Tukey-
style whiskers extend to a maximum of 
1.5 × IQR beyond the box, while Altman-style 
whiskers can also be defined to span the 95% 
central range of the data [31].

A boxplot that is symmetric with the median 
line at approximately the center of the box and 
with symmetric whiskers suggests that the data 
may have come from a normal distribution.

MeanMedianMode
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a b c
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Fig. 2.6 Histograms of (a) a negative asymmetric distribution (left-skewed), (b) a normal (bell-shaped) distribution 
and (c) a positive asymmetric distribution (right-skewed)

75th percentile

50th percentile
(median)

25th percentile

Lobar ICH

Normotension

Prehypertension

Hypertension

Stage 1

Stage 2

24

20

16

12

8

4

0
<100 100–

109
110–
119

120–
129

Mean systolic BP after index lobar ICH, mm Hg

No. of patients 5 11 18 118 105 109 99 29 11

130–
139

systolic BP control
goal <140 mm Hg

140–
149

150–
159

160–
170

>170

Lo
ba

r 
IC

H
 r

ec
ur

re
nc

e 
ris

k,
 %

/y

Fig. 2.7 Estimated yearly risk of recurrent lobar ICH (intracerebral hemorrhage) based on systolic BP (blood pressure) 
measurements during follow-up. (Adapted from Biffi et al. [30])

In the statistical analysis methodology of a 
research paper, it should be indicated 
clearly how demographic data and clinical 
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 Other Popular Charts and Graphs 
for Numerical Data Used in Trials

Other commonly used graphs for presenting 
important numerical data are time charts (or line 
graphs), scatter plots and dynamite plots.

 Time Chart (or Line Graph)
Typically a time chart has some unit of time on 
the horizontal axis (year, day, month, and so on) 
and a numerical variable on the vertical axis 
 (usually systolic or diastolic blood pressure in 
mm Hg for trials with hypertension patients). At 
each time period, the amount is shown as a dot, 
and the dots connect to form the time chart [29]. 
Moreover, error bars can be added to each dot 
(Fig. 2.8).

Figure 2.8 shows that the two therapeutic 
strategies quickly resulted in different systolic 
blood-pressure levels. After the first year of ther-
apy, the average systolic blood pressure at the 
4-month protocol visits that both groups attended 
was 119.3 mm Hg in the intensive-therapy group 

and 133.5 mm Hg in the standard-therapy group, 
resulting in an average between-group difference 
of 14.2 mm Hg.

 Scatter Plots
When two continuous variables are measured, 
the nature of the association between them can be 
explored graphically with a scatter plot [22]. 
Scatter plots are usually used prior to analyses to 
help assess the association of the variables to par-
ticular analytical procedures. Figure  2.9 is an 
example of a (grouped) scatter plot that investi-
gates the association of office systolic blood pres-
sure (SBP) and 24-h mean SBP in individual 
patients at baseline for sustained hypertension 
(red dots) and white-coat hypertension (blue 
dots) (European Lacidipine Study on 
Atherosclerosis [ELSA] trial that investigated 
white-coat hypertension [36]).

As shown in Fig. 2.9, in SH, 24-h mean SBP 
correlated with office SBP values (progressively 
lower values of one pressure were associated 
with progressively lower values of the other). In 
striking contrast, in WCH, 24-h mean SBP values 
were all in a narrow range, independently of the 
level of office SBP. In both SH and WCH patients, 
24-h SBP was always lower than office SBP, the 
two values becoming progressively closer as SBP 
became less and the difference seems to disap-
pear at about 130–120 mm Hg office SBP.

 Dynamite Plots
Dynamite plots are bar plots where group means 
(usually mean changes from baseline blood 
pressure for studies examining hypertension) 
are represented by the tops of bars or columns 
and are very often presented in trials [37]. In 
this graph from ROX CONTROL HTN study 
[38] the reader can see that mean changes in 
office and 24 h ambulatory systolic blood pres-
sure at 6 months were greater in the arteriove-
nous coupler group than in the control group 
(Fig.  2.10). Net mean differences were all in 
favour of the arteriovenous coupler group 
(office blood pressure −23.2  mm Hg systolic 
and −17.7  mm Hg diastolic, and ambulatory 
blood pressure −13.0  mm Hg systolic, and 
−13.4 mm Hg diastolic). However, the body of 
the bar has no  logical interpretation and this 

outcomes will be summarized. The follow-
ing format is recommended [32]:

• Mean (standard deviation [sd]) for con-
tinuous or discrete variables with sym-
metric distributions.

• Median (first quartile [Q1], third quar-
tile [Q3] or minimum [min], maximum 
[max]) for those with skewed 
distributions.

• Number (percentage) for categorical 
variables.

Examples from the literature:
“The Mean (SD), or median (interquar-

tile range) values are quoted for the bio-
metric and biochemical variables” (UKPDS 
1998 [33]).

“We expressed continuous variables as 
means and standard deviations and qualita-
tive variables as percentages” (Duran- 
Cantolla J. et al. [34]).
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graph may not be appropriate for representing 
means [31]. Better alternative graphs are box 
plots or means plots (means presented by points 
with error bars).

 Common Measures of Association

Measures of association such as risk ratio (RR) 
and odds ratio (OR) can be defined by construct-
ing two-by-two contingency tables [39]. However, 
the most common measure that is reported in 
hypertension landmark trials is the hazard ratio 
(HR) that is derived from Cox models.

 Risk Ratio

In a clinical trial to assess the impact of a new 
treatment on occurrence of an event, the risk ratio 
(RR) (or relative risk) could be calculated. For 
example in ALLHAT trial [40] for the heart fail-
ure outcome (Table  2.3) the risk ratio was 
reported comparing the Lisinopril treatment with 
Clorthalidone treatment (the hazard ratio could 
not be estimated because proportional hazards 
assumption was violated-see the section “Survival 
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Fig. 2.8 Mean systolic blood-pressure levels at each study visit with error bars. (Adapted from ACCORD [35])
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Fig. 2.9 Correlation between office systolic blood pres-
sure (SBP) and 24-h mean SBP in individual patients at 
baseline. Data are shown separately for sustained hyper-
tension (SH) and white-coat hypertension (WCH). 
(Adapted from Mancia et al. [36])
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Analysis and Cox Regression” p. 41). In this situ-
ation, the risk ratio is the ratio of the probability 
of occurrence of an event (risk) between two 
groups (e.g., treatment A vs treatment B; treat-
ment B can be considered as control group):

Risk Ratio RR
risk in treatmentA

risk in treatmentB control
( ) = ( )

A risk ratio of 1 occurs when the risks are the 
same in the two groups and is equivalent to no 
association between the exposure to different 
treatments and the outcome. A risk ratio greater 
than 1 occurs when the risk of the outcome is 

higher among those exposed to the treatment A 
than among the treatment B. A risk ratio less than 
1 occurs when the risk is lower among those 
exposed to treatment A, suggesting that the treat-
ment A may be more protective than B when the 
outcome is negative e.g., heart failure. The further 
the risk ratio is from 1, the stronger the association 
between treatment and outcome. Note that a risk 
ratio is always a positive number (0, ∞).

The risk ratio in ALLHAT trial (Table 2.3) is 
calculated: 
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Fig. 2.10 Change from 
baseline in blood 
pressure at 6 months. 
Data are mean (SD). 
SBP systolic blood 
pressure, DBP diastolic 
blood pressure, OBP 
office blood pressure, 
ABP ambulatory blood 
pressure, AV 
arteriovenous. (Adapted 
from ROX CONTROL 
HTN study [38])

Table 2.3 Τwo-by-two contingency table for calculating risk ratio (data are available in ALLHAT trial [40])

Outcome
Heart failure

TotalYes No
Exposure Treatment A: 

Lisinopril
a = 612 b = 6053 a + b = 6665

Treatment B (control): 
Chlorthalidone

c = 870 d = 10491 c + d = 11361
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Risk in treatment B control
c

c d
( ) =

+

= =
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11361
0 0766.

RiskRatio :
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c d
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The risk of heart failure was 1.19 times higher 
in Lisinopril than in Clorthalidone group. In 
other words, the Lisinopril group had a 19% 
(1.19–1 = 0.19) higher risk for heart failure com-
pared to Clorthalidone group.

 Odds Ratio

The odds ratio can also be calculated from the 
Table 2.3. The odds ratio (OR) is the ratio of the 
odds of the outcome event in the treatment group 
compared to the control group:

 
Odds in treatment A

a

b
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Odds in treatment B control

c

d
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Odds Ratio OR
odds in treatmentA

odds in treatment B control
   



OR = 1 Exposure does not affect odds of outcome 
(no association)

OR > 1 Exposure to treatment A associated with 
higher odds of outcome

OR < 1 Exposure to treatment A associated with 
lower odds of outcome

For ALLHAT trial example (Table  2.3) the 
odds ratio is calculated:
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The odds of heart failure were 1.2 times higher 
in Lisinopril group than in Clorthalidone group. 

In other words, the odds of heart failure were 
20% (1.2–1 = 0.2) higher in Lisinopril group. In 
this example the incidence of the heart failure 
was low and the OR is similar to RR.

 Hazard Ratio
The majority of clinical trials record the length of 
time from study entry to a disease endpoint for a 
treatment and a control group. In this occasion, 
the hazard ratio is the most appropriate measure 
to be calculated and reported. Hazard ratio is a 
measure of relative risk over time in circum-
stances where we are interested not only in the 
total number of events, but in their timing as well. 
It is an estimate of the ratio of the hazard rate in 
the treated versus the control group. Τhe Cox pro-
portional hazards model (see the section “Survival 
Analysis and Cox Regression” p. 41) is usually 
used to calculate the hazard ratio, as it cannot be 
calculated directly from the crude numbers.

The hazard ratio is interpreted in a similar 
manner to the risk or odds ratio therefore values 
above one indicate a raised hazard, values below 
one indicate a decreased hazard and values equal 
to one indicate that there is no increased or 
decreased hazard of the endpoint. For example, in 
the SPRINT trial the hazard of heart failure was 
38% (HR = 0.62; 0.62–1 = −0.38) lower in the 
intensive treatment than in standard treatment.

The hazard ratio is sometimes used inter-
changeably to mean a relative risk; however, this 
interpretation is not correct. The hazard ratio 
incorporates the change over time, whereas the 
relative risk can only be computed at single time 
points, generally at the end of the study.

 Parameters and Statistics

Parameters are the summary description of the 
characteristics of the population (Fig. 2.11). For 
example the mean baseline home systolic blood 
pressure, μSBP, and its standard deviation, σSBP, in 
the population of patients assigned in the 
PATHWAY-2 study [7] were unknown parameters 
of interest. These unknown values were estimated 
from the sample data (n = 335) using the statistics 

x  (sample mean) and sd (sample standard devia-
tion) that equal to 147.6 mm Hg and 13.2 mm Hg, 
respectively. Therefore, statistics are measures of 
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numerical characteristics that describe the sample 
and can be considered as estimates of unknown 
population parameters. (Note: Greek letters refer 
to population attributes while their sample coun-
terparts are Roman letters).

A test statistic, such as t statistic, is a quantity 
derived from the sample and is used in statistical 
hypothesis testing.

 General Method for Hypothesis 
Testing (p-Value Approach)

In the statistical methods of the ACCORD BP 
trial [35] is reported that “the ACCORD BP trial 
was designed to have 94% power to detect a 20% 
reduction in the rate of the primary outcome for 
participants in the intensive therapy group, as 
compared with those in the standard-therapy 
group, assuming a two-sided alpha level of 0.05”.

In another trial (UKPDS 38) [33] is referred 
that “in the text relative risks are quoted as risk 
reductions and significance tests were two sided. 
For aggregate end points 95% confidence inter-
vals are quoted, whereas for single end points 
99% confidence intervals are quoted to allow for 
potential type 1 errors.”

The reader of the articles comes across with 
concepts such as power, type of errors, signifi-

cance tests, confidence intervals, two-sided tests 
and alpha level of 0.05. The theory behind these 
elements is based on hypothesis testing. The basic 
steps of this theory is outlined below [14, 41]:

 Basic Steps of Hypothesis Testing

Step-by-step hypothesis testing is following with 
more details:

Steps in hypothesis testing
 1. From the research question, determine 

the appropriate null hypothesis, H0, and 
the alternative, Ha.

 2. Set the level of significance, α (usually 
0.05).

 3. Identify the appropriate test statistic and 
calculate the observed test statistic from 
the data.

 4. Using the known distribution of the test 
statistic, calculate the p-value.

Compare the p-value to significant 
level α. If p-value < α, reject the null 
hypothesis. If p-value ≥ α, do not reject 
the null hypothesis.

 5. Interpret the results.

Population

Sample

Representative
random sampling

method

EstimationPopulation parameters

Unknown Calculated

Sample statistics

m, s2, s X, S2, S

Fig. 2.11 Parameters 
are referred to the 
population while 
statistics are referred to 
the sample
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 Step 1: State the Null and Alternative 
Hypotheses
The two types of hypotheses are the null and 
alternative. The null hypothesis (H0) is a state-
ment that indicates that no difference exists 
between conditions, groups, or variables while 
the alternative hypothesis (Ha) indicates a dif-
ference or association. The alternative hypothe-
sis may be one-tailed or two-tailed, depending 
on the context of the research. One-tailed, 
hypothesis indicates a statistically significant 
change in a particular direction. For example, a 
treatment that is expected to show an improve-
ment would be one-tailed. A two-tailed, hypoth-
esis indicates a statistically significant change, 
but in no particular direction. For example, a 
researcher may compare two new conditions 
with no assumed difference between them. 
However, it is not known which condition would 
show the largest result.

 Step 2: Set the Level of Significance 
Associated with the Null Hypothesis
When the researcher performs a particular statis-
tical test, there is always a chance that the result 
is due to chance instead of any real difference. 
This means that the findings will lead to reject the 
null hypothesis when it is actually true. In this 
situation, a type I error is occurred. Therefore, 
statistical tests assume some level of uncertainty 
that it is called level of significance or alpha (the 
Greek letter α). The researcher chooses, before 
the data are collected, the level of significance 
(usually α  =  0.05) associated with the null 
hypothesis. In situations in which the clinical 
implications of incorrectly rejecting the null 
hypothesis are severe, it may require stronger 
evidence (more strict criteria) before rejecting the 
null hypothesis e.g., α = 0.01 or α = 0.001.

 Step 3: Choose and Calculate 
the Appropriate Test Statistic  
Specific to H0

The researcher should choose a particular type of 
test statistic based on characteristics of the data. 
For example, some tests are appropriate for com-
paring independent groups, while other tests are 
appropriate for dependent groups. Normal distri-

bution of the data also plays an important role in 
choosing an appropriate test statistic.

 Step 4: Compare the p-Value 
to Significant Level α. Reject or Not 
Reject the Null Hypothesis
The test statistic follows a known theoretical 
probability distribution. The value of the test sta-
tistic obtained from the sample is related to a 
known distribution to obtain the p-value, the area 
in both (or occasionally one) tails of the probabil-
ity distribution. The p-value is the probability 
of obtaining the observed results, or some-
thing more extreme, if the null hypothesis is 
true. Most statistical packages provide the two- 
tailed p-value automatically. The smaller the 
p-value, the greater the evidence against the null 
hypothesis.

Conventionally, if p-value < 0.05, there is 
sufficient evidence to reject the null hypothesis, 
as there is only a small chance of the results 
occurring if the null hypothesis was true. In this 
occasion, the results are significant at the 5% 
level.

In contrast, if p-value ≥ 0.05, there is insuffi-
cient evidence to reject the null hypothesis and 
the results are not significant at the 5% level. 
This does not mean that the null hypothesis is 
true; but simply that there is not enough evidence 
to reject it.

Quoting a result only as significant at a certain 
cut-off level (e.g., stating only that p < 0.05) can 
be misleading. For example, H0 would be rejected 
for p = 0.049 but not for p = 0.051. Therefore, it 
is recommended quoting the exact p-value 
obtained from the computer output. P-values less 
than 0.001 usually are reported as p < 0.001.

 Step 5: Interpret the Results
Communicating results in a meaningful and com-
prehensible manner makes the research useful to 
others.

We present an example (e.g., chi-squared test) 
with the steps of hypothesis testing in Table 2.4.

In decision making, there are four possible 
scenarios that can happen regarding the truth in 
the population versus the results in the study 
sample, which are shown in Table 2.5:
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Errors in Hypothesis Testing

 Hypothesis Testing and Confidence 
Interval (CI)

In medical statistics, a confidence interval (CI) is 
a type of interval estimate that shows the preci-
sion of an effect of interest. For example, a 95% 
confidence interval (95% CI) of the effect of 
interest (e.g., the difference in means) indicates 
that if the experiment was repeated many times 
under the same conditions (same sample sizes, 
same sampling method) on the same population 
and the 95% CIs of the effect (difference in 
means) were calculated, then 95% of these CIs 
would be expected to capture the true effect (that 
is the true parameter value) [1, 42]. In Fig. 2.12 
the confidence intervals of the 100 randomly gen-
erated samples (sample size = 60) are presented. 
Each vertical bar is a confidence interval, cen-
tered on a sample mean (green point). The inter-
vals all have the same length, but are centered on 
different sample means as a result of random 
sampling. The five red confidence intervals do not 
cover the true population mean (the horizontal red 
line μ = 2.25). This is what we would expect using 
a 95% confidence level–approximately 95% of 
the intervals covering the population mean.

Table 2.4 Practical procedures for hypothesis testing

Steps Procedure
Example from ACCORD trial 
[35]

Step 1 State the 
null and 
alternative 
hypotheses.

H0: There is no association 
between serious adverse 
events attributed to 
antihypertensive treatment 
and treatment strategy 
(adverse events and treatment 
strategy are independent).
Ha (two-sided): There is an 
association between serious 
adverse events and treatment 
strategy (adverse events and 
treatment strategy are 
dependent).

Step 2 Set the  
level of 
significance 
associated 
with the null 
hypothesis.

Two-sided alpha level of 
α = 0.05.

Step 3 Choose and 
calculate the 
appropriate 
test statistic 
specific to 
H0.

Chi-squared test (χ2 = 20.4).

Step 4 Compare the 
p-value to 
the level of 
significance. 
Reject or 
not reject 
the null 
hypothesis.

The p-value < 0.001 is 
smaller than 0.05. Reject the 
null hypothesis.

Step 5 Interpret the 
results.

Adverse events and treatment 
strategy are dependent. As 
compared with the standard-
therapy group, the intensive-
therapy group had 
significantly higher rates of 
serious adverse events 
attributed to antihypertensive 
treatment.

Types of error in hypothesis testing
Type I error: the null hypothesis is rejected 
while it is true; it is also called a false posi-
tive result. It is concluded that there is an 
effect when, in reality, there is none. The 
maximum chance (probability) of making 
a Type I error is denoted by α (alpha). This 
is the significance level of the test.

Type II error: we do not reject the 
null hypothesis when it is false, and con-
clude that there is no effect when one 
really exists; it is also called a false neg-
ative result. The chance of making a 
Type II error is denoted by β (beta); its 
compliment, (1 − β), is the power of the 
test. The power, therefore, is the proba-
bility of rejecting the null hypothesis 
when it is false.

Table 2.5 Type I and II errors in hypothesis testing

In population the null 
hypothesis is
True (there is 
no difference)

False (there is 
difference)

Decision 
based on 
the 
sample

Not reject 
the null 
hypothesis

Correct 
decision:
1−α

Type II error:
β (False 
negative)

Reject the 
null 
hypothesis

Type I error:
α (False 
positive)

Correct 
decision:
1−β (power 
of the study)

K. I. Bougioukas and A.-B. Haidich
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Confidence intervals and hypothesis tests are 
closely linked. The primary aim of a hypothesis 
test is to make a decision and provide an exact 
p-value. A confidence interval quantifies the 
effect of interest (e.g., the difference in means), 
and enables us to assess the clinical implications 
of the results. However, because it provides a 
range of plausible values for the true effect, it can 
also be used to make a decision although an exact 
p-value is not provided. If the confidence interval 
does not contain the null hypothesis value (e.g., 
the value zero when the effect of interest is the 
mean difference, or the value 1 for ratios, such as 
the risk or odds ratio), the p-value is less than the 
alpha level and the results are statistically signifi-
cant (p < α). If the confidence interval contains 
the null hypothesis value, the p-value is equal or 
larger than the alpha level and the results are not 
statistically significant (p ≥ α).

For example in ALLHAT [40], no significant 
difference (HR  =  0.98; 95% CI: 0.90–1.07; 
p = 0.65) was observed between amlodipine and 

chlorthalidone for the primary outcome (fatal 
coronary heart disease or nonfatal myocardial 
infarction) as the confidence interval included the 
value 1 and p = 0.65 > 0.05.

 Basic Statistical Tests

 Principles for Choosing Statistical 
Test in Bivariable Analysis

Basic statistical tests can be categorized as para-
metric or non-parametric. Α parametric statisti-
cal test makes assumptions about the parameters 
of the population distribution from which one’s 
data are drawn. Examples of such tests are t-test 
and analysis of variance (ANOVA) test. Non- 
parametric tests (also called distribution-free 
tests) are the ones that make no such assump-
tions. Examples of non-parametric tests include 
the Mann-Whitney test and Kruskal-Wallis test 
[43]. If the sample size is large enough, the 

5
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3
2

1
0

S
am

pl
e 

m
ea

n 
va

lu
es

0 20 40
Numbers of samples

95% confidence intervals

Confidence intervals of 100 randomly generated samples (n = 60)

95% confidence intervals

sample mean

60 80 100

Fig. 2.12 The confidence intervals of the 100 randomly generated samples (sample size = 60). Ninety-five of them 
covering the population mean (the horizontal red line μ = 2.25). (Source: http://sites.nicholas.duke.edu/statsreview/ci/)
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 parametric tests usually have more statistical 
power than nonparametric tests counterparts.

We present the principles in guiding the choice 
of basic statistical tests in bivariable analysis 
with one dependent (numerical or categorical) 
variable and one categorical independent vari-
able with levels-groups [44]. First of all, the 
researcher should answer what type of measure-
ment is the dependent variable (numerical or cat-
egorical) and then how many groups are included 
in the independent variable. The next step is to 
inspect whether the groups of measurements are 
related (dependent groups) or not (independent 
groups). Measurements taken from the same par-
ticipants at different time points (e.g., before-
after studies, cross-over trials) must be analyzed 
using tests for paired data. The groups of mea-
surements collected in these study designs are 
dependent.

In case of a numerical dependent variable 
(Table 2.6 and Fig. 2.13), the researcher further 
has to decide whether a parametric or a non- 
parametric test is more appropriate to be used. 
For example, if a continuous variable is approxi-

mately normally distributed in two independent 
groups (or the sample size per group is large 
enough), a two sample t-test can be conducted, 
else the corresponding non-parametric test, 
Mann-Whitney test, can be used (for highly 
skewed data or small sample sizes). There are 
various methods to check for normal distribu-
tion, e.g., plotting histograms or using one of the 
many “normality tests” (such as the Shapiro-
Wilk test).

For examining the association between two 
categorical variables the tests presented in 
Table 2.7 are used. The flow chart for choosing 
each test is shown in Fig. 2.14.

 Multiple Comparisons Problem

For comparison of three or more groups the 
researcher usually applies classical statistical 
tests such as analysis of variance (ANOVA) or 
Kruskal-Wallis test. For example in ANOVA the 
null hypothesis is that all means are equal while 
the alternative hypothesis is that there is at least 

DV: Numerical

IV: 2 groups

Unrelated groups
(independent)

Two sample t-test
(parametric)

or
 Mann-Whitney test
(non-parametric)

ANOVA
(parametric)

or
 Kruskal-Wallis test
(non-parametric)

Repeated
measures ANOVA

(parametric)
or

 Friedman test
(non-parametric)

Paired t-test
(parametric)

or
 Wilcoxon signed rank 

test (non-parametric)

Unrelated groups
(independent)

Related groups
(dependent)

Related groups
(dependent)

IV: >2 groups

Fig. 2.13 Flow chart for choosing statistical when the dependent variable is numerical. DV Dependent variable,  
IV Independent variable
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Table 2.7 Basic statistical tests in bivariable analysis with a categorical dependent variable

Groups Number of groups Statistical test Description
Independent 
variable: 
categorical

Unrelated 
groups 
(independent)

≥2 groups Chi-squared test
or
Fisher’s exact 
test (if there 
are expected 
frequencies less 
than 5)

Chi-squared test is used to determine 
whether there is a significant 
association between two categorical 
variables. It works well when the 
expected frequencies are large, 
otherwise Fisher’s exact test can be 
applied.
Example: Investigate the association 
between serious adverse events (yes/
no) and treatment (Placebo, 
Spironolactone, Doxazosin or 
Bisoprolol).

Related 
groups 
(dependent)

2 groups McNemar’s test
or
Exact binomial test 
(for small samples)

McNemar’s test, for 2 × 2 tables, is 
used to assess whether there is a 
significant change in proportions over 
time for paired data or whether there is 
a significant difference in proportions 
between matched cases and controls. 
Alternatively, Exact binomial test can 
be used for small samples.
Example: Investigate if the proportion 
of patients with systolic blood 
pressure > 130 mm Hg (yes/no) differs 
between the baseline and completion 
of the treatment (paired groups).

>2 groups Cochran’s Q test Cochran’s Q test is used to determine if 
there are differences on a dichotomous 
dependent variable between three or 
more related groups. It is an extension 
to the McNemar’s test.
Example: Investigate if the proportion 
of patients with systolic blood 
pressure > 140 mm Hg (yes/no) differs 
between baseline, 6, 12 and 18 months 
treatment (four dependent groups of 
measurements).

one mean which is different from others. Rejecting 
the null hypothesis does not indicate which 
groups differ from the other groups. Consequently, 
researcher needs to examine patterns of differ-
ences among groups. However, this requires mul-
tiple comparisons of group means that lead to 
inflation of the Type I errors (the probability of 
falsely rejecting H0) [45, 46]. For example, if 
there are g = 4 groups and pairwise comparisons 
are conducted with individual t tests at the signifi-
cant level of 0.05 (5%) (individual error rate, 
IER), there are k = g(g–1)/2 = 12/2 = 6 possible 
pairwise comparisons (1 with 2, 1 with 3, 1 with 
4, 2 with 3, 2 with 4 and 3 with 4). In this situa-
tion, the probability of at least one Type I error for 

the family of 6 tests (familywise error rate, 
FWER) is approximately FWER = 1 – (1 – IER)
k = 1 – (1 – 0.05)6 = 1 – (0.95)6 = 0.265 (26.5%).

 Post-hoc Adjustment  
(Bonferroni Correction)

It is possible to use some form of post-hoc adjust-
ments to take account of the number of tests per-
formed. Many methods exist to manage the 
multiplicity problem [46, 47]. A commonly used 
approach is the Bonferroni correction which 
adjusts the statistical significance threshold by 
the number of tests [45]. For example, for a 
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FWER fixed at 5%, the IER in a group of six tests 
is set at FWER/k = 0.05/6 = 0.008; therefore, an 
individual t-test must have a p-value less than 
0.008 to be considered statistically significant. 
Even though the Bonferroni test controls the 
FWER, in many situations it may be too conser-
vative and not have enough power to detect sig-
nificant differences [46].

(Note: Equivalently, the researcher may multi-
ply each individual p-value by the number of 
tests carried out in order to compute padj-values; 
any decisions about significance are then based 
on these adjusted p-values [14]. For example, if 
the researcher conducts six comparisons with t 
tests while keeping FWER = 0.05, each p-value 
of the t tests should be multiplied by 6 and then 
be compared with 0.05).

 Basic Regression Models 
(Multivariable Analysis)

Clinical outcomes come in a variety of different 
types. Some are continuous, such as systolic 
blood pressure, and can be analyzed with linear 

regression. If the observed outcome is dichoto-
mous/binary such as if a patient dies from a spe-
cific disease or not, logistic regression can be 
applied. However, if the information on the time 
to death is the observed outcome of interest, data 
are analyzed using statistical methods for sur-
vival analysis [48]. This statistical analysis uses 
the generic term “survival”, although this method 
can be applied for any time-to-event outcome 
other than mortality. For example the outcome 
measured could be the time that the patient 
remains free of certain complications (event-free 
survival-EFS) or the time that the disease does 
not get worse (progression free survival-PFS).

Regression analysis is used for explaining or 
modeling the association between a single vari-
able Y, let’s call this response variable (or just 
outcome), and one or more explanatory variables, 
X1,…., Xp. When the number of parameters (p) is 
p  =  1, it is called simple regression but when 
p > 1 it is called multiple regression. The most 
common models that are used in medical research 
are the linear, logistic and Cox regression models 
[28]. The characteristics of these models are 
outlined in Table 2.8. The survival analysis and 

Unrelated groups
(independent)

Unrelated groups
(independent)

Related groups
(dependent)

Related groups
(dependent)

IV: 2 groups

If EF≥5
Chi-squared test

else
Fisher’s exact test

If EF≥5
Chi-squared test

else
Fisher’s exact test

Cochran’s Q test

Mc Nemar’s test
or

for small samples
Exact binomial test

IV: >2 groups

DV: Categorical

Fig. 2.14 Flow chart for choosing statistical when the dependent variable is categorical. DV Dependent variable,  
IV independent variable, EF expected frequencies
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Cox regression is presented more analytically in 
the following sections because these statistical 
approaches are used in the majority of the land-
mark trials that examine hypertension.

 Survival Analysis and Cox 
Regression

In analyzing survival or time-to-event data, there 
are several important quantities of interest to 
define.

 Event Definition

A clearly defined event is crucial for the presenta-
tion of survival data. Examples of potential 
events are: (1) death from any cause, (2) disease 
progression, (3) diagnosis with a specific disease, 
or (4) recovery (e.g., return to work) [49].

 Start Time

Another crucial component of any survival anal-
ysis is the start time or time zero. This is the time 
point that is most important in relation to the time 
at which the event under study occurs. In a clini-
cal trial this is typically the time of randomiza-

tion and ensures comparability of the treatment 
arms. Because the time variable used in plots and 
analyses is the time since time zero, it also defines 
all the times at which surviving subjects are 
assumed to be comparable [50].

 Censoring

The distinguishing feature of survival data is that 
at the end of the follow-up period, the event will 
probably not have occurred for all participants in 
the study (Fig. 2.15) (only participants 1, 5, and 7 
experienced the event). This can be because the 
participant is lost to follow-up (e.g., has moved 
away) (participant 6) or is withdrawn (participant 
3), or because the end of the study observation 
period is reached without the subject having an 
event (participants 2 and 4). For these partici-
pants, survival time is said to be right-censored. 
Although these may seem to be cases of missing 
data as the time-to-event is not actually observed, 
these subjects are highly valuable as the observa-
tion that they went a certain amount of time with-
out experiencing an event is itself informative. 
One of the most important properties of survival 
methods is their ability to handle such censored 
observations which are ignored by methods such 
as a Mann-Whitney test (non-parametric test 
because time-to-event data are usually skewed) 
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Study end

Study end
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Fig. 2.15 Diagram (a) shows participants profiles in cal-
endar time. The participants may enter the study at differ-
ent times during the inclusion period. Diagram (b) ignores 
the different starting times and convert calendar time into 

survival time. Solid blue circles indicate participants who 
had the event while white circles indicate those who had 
censored data
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for comparing survival times of two independent 
groups.

Survival analysis takes into account censored 
data and, therefore, utilizes the information avail-
able from a clinical trial more fully [18, 49, 51].

 Survival Function

One of the most important quantities is the sur-
vival function, denoted by S(t), which provides 
the probability of surviving beyond a specific 
point in time (denoted t) [52]. As t gets larger, the 
probability of an event increases and therefore 
S(t) decreases. Plotting a graph of probability 
against time produces a survival curve, which is 
a useful component in the analysis of such data 
(Fig. 2.16). Since S(t) is a probability, it is always 
between zero and one for all values of t, 
0 ≤ S(t) ≤ 1. When t = 0, S(0) = 1, indicating that 
all patients are event-free at the start of study and 
theoretically, if the study period increased with-
out limit, everyone will experience the event, so 
the survivor curve must eventually fall to zero. In 
practice, when using actual data, we usually 
obtain graphs that are step functions. Cumulative 
survival drops with every experienced event, 
whereas it remains unchanged with every cen-
sored observation (indicated by the red plus 
signs). Moreover, because the study period is 
never infinite in length, it is possible that not 
everyone studied gets the event. Thus, S(t) may 

not go all the way down to zero at the end of the 
study [49].

 Hazard Function

Hazard is defined as the immediate risk of event 
occurrence. The hazard function h(t) gives the 
instantaneous potential per unit time for the event 
to occur, given that the individual has survived up 
to time t. Note that, in contrast to the survivor 
function, which focuses on not failing, the hazard 
function focuses on failing, that is, on the event 
occurring. It is always non-negative and has no 
upper bound [49].

Regardless of which function S(t) or h(t) one 
prefers, there is a clearly defined relationship 
between the two. In fact, if one knows the form of 
S(t), one can derive the corresponding h(t), and 
vice versa.

 Kaplan-Meier Approach and Log- 
Rank Test

In comparing the survival distributions of two or 
more groups (for example, new therapy vs stan-
dard of care), Kaplan-Meier estimation and the 
log-rank test are the basic statistical methods of 
analyses.

Kaplan-Meier approach is usually presented 
in placing curves for different treatment groups 
on the same graph that allows the reader to graph-

S(t) S(t)

Theoretical S(t) S(t) in practice

1 1

0 0

S(0)=1 S(0)=1

S(∞)=0

t→ ∞
t Study endt

Fig. 2.16 The theoretical survival curve (on the left) and the step chart for the S(t) that is produced in practice (on the 
right)
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ically review any treatment differences. This can 
be done in one of two ways [53]:

 Kaplan-Meier Survival Plots
A Kaplan-Meier survival (K-M) plot presents an 
estimate (Kaplan-Meier estimator) of the proba-
bility of surviving beyond each time (vertical 
axis) versus time (horizontal axis). The curves in 
a K-M plot decrease with time from 1 (or 100%), 
displaying the proportion of patients that have 
survived (or remain event-free) (Fig. 2.17).

Samples of survival times are frequently 
highly skewed, therefore, the median is generally 
a better measure of central location than the 
mean. This value (the point at which half the 
patients have experienced the event) can be esti-
mated for each curve by proceeding horizontally 
from the 0.5 point on the Y-axis until the survivor 
curve is reached and then proceeding vertically 
downward until the X-axis is crossed at the 
median survival time. For example in Fig. 2.17 
the median overall survival (OS) time for meta-
static colorectal cancer patients treated with 

bevacizumab- containing therapy was estimated 
to be 19.9 months in patients with hypertension 
(HTN) and 12.3 months in normotensive patients 
[54]. (Note: each patient’s HTN status was deter-
mined 3  months after date of initiation of 
bevacizumab- containing therapy and from that 
time point was calculated the OS time).

Figure 2.18 depicts event free Kaplan-Meier 
curves for the participants in the SPRINT trial in 
a paper that conducted subgroup analysis [55]. It 
shows that the proportion of event free acute 
decompensated heart failure (ADHF) for the 
treatment group consistently lies above that for 
the placebo group; this difference indicates that 
the intensive treatment has better prognosis than 
the standard treatment at all time points of fol-
low- up. Notice, however, that the two survival 
functions are somewhat closer together in the six 
months of follow-up, but thereafter they are quite 
spread apart. This widening gap suggests that the 
treatment is more effective later during follow-up 
than at the start. However, the estimated median 
event free time was not reached either for the 

Hypertensive within three, n = 48, cens 15%, OS 19.9
Normotensive within three, n = 53, cens 6%, OS 12.3

Log-rank:
P = 0.020
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Fig. 2.17 Kaplan Meier 
survival curves of 
overall survival (OS) for 
metastatic colorectal 
cancer patients with 
hypertension and no 
hypertension treated 
with bevacizumab- 
containing therapy. The 
median overall survival 
time is calculated 
(on-study date: after 
3 months of the 
initiation of 
bevacizumab-containing 
therapy) for each group. 
(Adapted from 
Österlund et al. [54])
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intensive treatment or for the standard treatment. 
(Note: for this reason, studies sometimes report 
the estimated time point at which a lower percen-
tile (e.g., 25th) of the study population has the 
event [50]).

The 95% confidence intervals of the event free 
survival curves are shown with vertical bars in 
Fig. 2.18. In practice, there are usually patients 
who are lost to follow-up or event free at the end 
of follow-up, and confidence intervals are often 
wide at the tail of the curves due to lower number 
of patients, making meaningful interpretations 
difficult [56].

 Cumulative Incidence Plots
Cumulative incidence plots are an alternative to 
Kaplan-Meier survival curve plots and are used 
very often in clinical trials. This plot shows the 

cumulative probability that the event of interest 
has occurred over the course of the observation 
period. The increase in event rates is shown 
starting from 0 (or 0%) subjects at time zero with 
an increasing curve over time [18, 53]. An infor-
mative example is shown in Fig. 2.19 obtained 
from the PREDIMED trial [57] that compares 
three different groups (Mediterranean Diet with 
extra- virgin olive oil (EVOO), Mediterranean 
Diet with Nuts and Control Diet). Actually, it 
presents the same plot in two different vertical 
scales. The y-axis of the nested plot, in the right 
side of the graph, is limited to the maximum esti-
mated incidence (without using the full range 
0–1 for the y-axis) in order to provide more 
detail [50, 53].

If two survival curves (or cumulative inci-
dence plots) cross at any point, such as Med diet, 
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Fig. 2.18 Kaplan–Meier curves for the SPRINT (Systolic 
Blood Pressure Reduction Intervention Trial [55]) acute 
decompensated heart failure outcome by treatment group. 

Vertical bars indicate 95% confidence intervals. Number 
at risk and number of events is shown every 6 months
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nuts and Med diet, EVOO (see the nested scaled 
graph in the right side of the Fig. 2.19) this might 
suggest that the hazard ratio between the two 
groups has reversed and the proportionality 
assumption (an assumption that is required in 
Cox analysis) has been violated.

 Log-Rank Test
While a Kaplan-Meier plot elegantly represents 
differences between various groups’ survival 
curves over time, it gives little indication of their 
statistical significance. The most common 
method of comparing independent groups of sur-
vival times is the log-rank test. This test,  however, 
does not account for confounding variables, such 
as differences in patient demographics (e.g., age, 
sex) between groups [58].

 Cox Regression Model

If an investigator is interested in quantifying or 
investigating the effects of known covariates 
(e.g., age, or race) or predictor variables (e.g., 

blood pressure), regression models are utilized. A 
rule of thumb is that Cox models should have a 
minimum of 10 outcome events per predictor 
variable.

Compared to the Kaplan–Meier method where 
only categorical variables can be used to predict 
the event, with the Cox regression analysis a 
combination of categorical and/or continuous 
variables can be used to predict survival. In addi-
tion, Cox regression models can also manage 
censored data.

Among the available survival regression mod-
els, the Cox proportional hazards model devel-
oped by Sir David Cox is the most commonly 
used and it is given by the following equation:

 
ln lnh t h t X X Xp p         0 1 1 2 2  

 

or

 
h t h t e

X X Xp p        
0

1 1 2 2  

 

where h(t) is the hazard at time t, h0(t) is an arbitrary 
baseline hazard (in which we are not interested),  

Med diet, EVOO: hazard ratio, 0.69 (95% CI, 0.53–0.91)
Med diet, nuts: hazard ratio, 0.72 (95% CI, 0.54–0.95)
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Fig. 2.19 The plot 
shows the incidence of 
the primary end point (a 
composite of acute 
myocardial infarction, 
stroke, and death from 
cardiovascular causes) 
for the three groups of 
the study (Mediterranean 
Diet with extra-virgin 
olive oil (EVOO), 
Mediterranean Diet with 
Nuts and Control Diet) 
[57]. EVOO extra-virgin 
olive oil, Med 
Mediterranean
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x1, . . . , xp are explanatory variables in the model 
and β1, . . . , βp are the corresponding coefficients. 
The exponential values of the coefficients, eβi, are 
the estimated hazard ratios (HR). The hazard ratio 
is assumed to be constant over time in this model 
(i.e. the hazards for the groups to be compared are 
assumed to be proportional). It is important to 
check this assumption either by using graphical 
methods (e.g., Schoenfeld residuals plot) or spe-
cific statistical techniques (e.g., interaction between 
time and treatment) [48, 49, 59]. For example in 
ALLHAT trial [40] it is reported that “The Cox pro-
portional hazards regression model assumption was 
examined by using log- log plots and testing a 
treatment×time (time- dependent) interaction term.”

The Cox regression model was used in the sub-
analysis of the ACCOMPLISH randomised con-
trolled trial [60] as well. The Fig. 2.20 shows the 
hazard ratios for different endpoints comparing 
two treatments groups (benazepril and amlodipine 
vs benazepril and hydrochlorothiazide) within 
each of the three BMI categories. In the obese 
group, the primary or secondary endpoints did not 
differ between treatment arms (p > 0.05). However, 
in the overweight category, the hazard of primary 
endpoint was 24% (HR = 0.76; 0.76–1 = −0.24) 

lower in patients assigned to benazepril and amlo-
dipine than to benazepril and hydrochlorothiazide, 
adjusted for all the other covariates (age, sex, dia-
betes, and previous history of cardiovascular 
events, stroke, or chronic kidney disease) in the 
model. The 95% confidence interval (0.59–0.94) 
does not include one, which indicates that the 
result is significant. As expected, the correspond-
ing p-value = 0.037 is less than 0.05.

Differences between treatment arms were 
greatest in the normal weight category. Hazard 
rates for both the composite primary endpoint and 
total myocardial infarction were lower in patients 
assigned to benazepril and amlodipine than to 
benazepril and hydrochlorothiazide (p < 0.05).

 Intention to Treat Analysis and Per 
Protocol Analysis

Intention-to-treat (ΙΤΤ) analysis is a comparison 
of the treatment groups that includes all subjects 
as originally allocated after randomization, 
regardless of whether they completed the trial or 
even received the treatment after randomization 
[1, 61]. It serves to protect from biases in RCTs 
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Fig. 2.20 Comparison of hazard rates within obese, 
overweight, and normal weight categories. Hazard ratio 
was calculated by Cox regression and adjusted for age, 

sex, diabetes, and previous history of cardiovascular 
events, stroke, or chronic kidney disease. BMI: body- 
mass index. (Adapted from Weber et al. [60])
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associated with noncompliance and missing out-
comes [62–64]. This method is recommended in 
superiority trials and assumes that if the subjects 
are randomized adequately then noncompliant 
subjects will be balanced across all the treatment 
groups [18].

Per-protocol analysis is a comparison of treat-
ment groups that includes only those participants 
who completed the treatment originally allocated 
(fulfill the protocol in the terms of the eligibility, 
interventions, and outcome assessment) [64]. By 
focusing only on the fully compliant subjects, one 
can determine the maximal efficacy of a treatment 
[18]. If done alone, this analysis leads to bias.

In noninferiority trials, both intention to treat 
and per-protocol analyses are recommended; both 
approaches should support noninferiority [64].

 Interim Analysis

Many trials recruit participants over a long period 
of time. Interim analyses of randomized con-
trolled trials involve early looks at the data, usu-
ally by an independent data monitoring committee 
to protect the welfare of subjects [18, 65]. In 
practice, this can be done by stopping enroll-
ment/treatment as soon as a drug is determined to 
be harmful (e.g., a large number of serious 
adverse events in one of the treatment groups), 
highly beneficial (e.g., large effect size suggests 
superiority of one treatment over the other and 
clinical equipoise no longer exists) or have negli-
gible chance of demonstrating efficacy if fully 
enrolled, given results to date (that is, stopping 
for futility) [5, 66]. For example ACCOMPLISH 
[67] and SPRINT [17, 55] trials were stopped 
early at the recommendation of the data and 
safety monitoring board because the observed 
difference between the treatment groups exceeded 
the boundary of the pre-specified stopping rule.

However, performing multiple statistical 
examinations of accumulating data without 
appropriate correction can lead to erroneous 
results and interpretations. If the accumulated 
data from a trial are examined at five interim 
analyses that use a p-value of 0.05, the overall 

false positive rate is nearer to 19% than to the 
nominal 5% [5]. Adjustment for multiple analy-
ses in interim analysis can be conducted using 
group sequential methods. The approaches 
described by Pocock [68, 69], O’Brien & Fleming 
[70] and Lan and DeMets [71] are popular imple-
mentations of group sequential testing for clini-
cal trials. For example, ACCORD trial [35] 
quoted that “during the trial, an independent data 
and safety monitoring committee appointed by 
the NHLBI monitored the primary outcome (11 
times) and total rate of death (7 times) with the 
use of O’Brien–Fleming boundaries determined 
by the Lan–DeMets approach. For these two out-
comes, P values were adjusted to account for the 
number, timing, and results of interim analyses”.

 Subgroup and Sensitivity Analyses

 Subgroup Analysis

Patients recruited in a major trial (such as 
SPRINT trial [17]) are not a homogeneous bunch: 
demographics (e.g., age, gender, race), their med-
ical history (e.g., previous chronic kidney disease 
or previous cardiovascular disease), and other 
baseline characteristics (e.g., systolic blood pres-
sure) may vary. Hence, it is reasonable to under-
take subgroup analyses to inspect whether the 
overall result of the trial appears to apply to all 
eligible patients, or whether there is evidence that 
real treatment effects depend on certain baseline 
features [18, 72].

Subgroup analyses for the SPRINT trial [17] 
are shown in Fig. 2.21. This kind of figure, called 
a forest plot [72], is the usual way of document-
ing the estimated treatment effect within each 
subgroup (an HR in this case) together with its 
95% CI. It shows that the effects of the interven-
tion on the rate of the primary outcome was con-
sistent across the six pre-specified subgroups, all 
being in the direction of superiority for intensive 
treatment compared with standard treatment. For 
reference, the results for all patients, with their 
inevitably tighter CIs, are shown at the top of 
Fig. 2.21.
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Scanning across subgroups, one can see that 
estimated HRs vary by chance and CIs are wider 
for smaller subgroups which have tinier squared 
bolb. Some CIs overlap the line of unity, indicat-
ing that the subgroup p-value does not reach 5% 
significance level; this will inevitably happen, 
especially in smaller subgroups, and is not help-
ful in interpreting subgroup findings [72]. For 
example for the subgroup analysis of sex (female/
male) in the SPRINT trial, the effect in females 
was not statistical significant (95%CI: 0.62 to 
1.14, p > 0.05) but in males (95%CI: 0.59 to 0.88, 
p < 0.05) it was. Comparing p-values for separate 
analyses of the treatment effect in each group can 
be misleading [73].

Instead, a statistical test of interaction should 
accompany each subgroup display as shown in 
Fig.  2.21. This interaction test examines the 
extent to which the observed difference in HRs 
across subgroups may be attributed to chance 
variation. However, the greater the number of 
statistical test for interaction performed, the 

greater the probability of a false-positive find-
ing caused by chance alone (the overall Type I 
error rate for all subgroup analyses is inflated), 
so the p-values for interaction test should be 
adjusted [74]. The SPRINT trial reported that 
“Interactions between treatment effect and pre-
specified subgroups were assessed with a likeli-
hood-ratio test for the interaction with the use of 
Hommel-adjusted p-values” (Hommel adjust-
ment method is a modification of Bonferroni 
correction [75]). In conclusion, for the SPRINT 
trial there were no significant interactions 
between treatment and subgroup with respect to 
the primary outcome.

 Sensitivity Analysis

Sensitivity analysis is an approach to inspect the 
impact, effect or influence of key assumptions 
or variations—such as different methods of 
analysis, different cut-offs or definitions of  
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P value for
interaction

0.75 (0.64–0.89)
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Fig. 2.21 Forest plot of primary outcome according to 
subgroups. The dashed vertical line represents the hazard 
ratio for the overall study population. The box sizes are 
proportional to the precision of the estimates (with larger 

boxes indicating a greater degree of precision [larger stud-
ies]). CKD Chronic kidney disease. (Adapted from 
SPRINT trial [17])
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outcomes, protocol deviations, different missing 
data management and manipulation of outli-
ers—on the final interpretations and overall con-
clusions of a study. In other words, it is a 
technique to assess the robustness of the find-
ings based on primary analyses of data in clini-
cal trials [76].

For example for the longitudinal analysis of 
systolic blood pressure in ACCORD trial [35], a 
sensitivity analysis was presented that compared 
Maximum Likelihood Repeated Measures 
Analysis (ML) under the assumption that the 
missing data were missing at random (MAR) 
with analysis of observed data under the assump-
tion that the missing values were missing com-
pleted at random (MCAR).

 Sample Size Calculation  
and Power

The sample size of a randomized controlled trial 
(RCT) is the number of subjects needed to detect 
a clinically relevant treatment effect. Usually, the 
number of participants in a trial is restricted 
because of scientific and ethical reasons. 
However, if the sample size is too small, one may 
not be able to detect an important existing effect 
(low power), whereas samples that are unduly 
large may waste time, research resources, money, 
and raise ethical considerations. It is therefore 
important to plan carefully and optimize the sam-
ple size of a clinical trial [5, 77].

Elements of the sample size calculation are [5, 
18, 77, 78]:

 1. The estimated outcomes in each group (which 
implies the clinically important target differ-
ence between the intervention groups, e.g., 
minimum expected difference of means, 
μ1 − μ2, or proportions, p1 − p2)

 2. The significance level alpha and whether a 
one-tailed or two-tailed statistical analysis is 
planned, usually 5%

 3. The desired statistical power (1 − β), usually 
80% or 90%

 4. The estimated measurement variability (e.g., 
standard deviation) for continuous outcomes

 5. The study design (parallel or crossover, etc.)
 6. The expected dropout rate of subjects during 

the study
 7. Adjustments for interim or/and subgroup 

analyses

The power of the study is a measure of how 
likely it is that the hypothesis test will produce a 
statistically significant result, for a population 
effect of a given magnitude, if an effect truly 
exists. For example, a study power of 80% means 
that if the study were to be repeated many times, 
a statistically significant result would be obtained 
8 times out of 10, if there truly is an effect of the 
specified size.

The power needed is usually decided before 
the start of the study for calculating the sample 
size. However, it is also possible to work back-
wards, to estimate the power of a study given a 
fixed sample size. For example, there may be cir-
cumstances where the number of participants who 
are available or affordable (due to cost or time 
constraints) is limited. The power of a clinical trial 
is increased when the level of alpha, the expected 
difference, or the sample size are increased [79].

Authors should indicate how the sample size 
was estimated. They should identify the primary 
endpoint on which the calculation was based, all 
the elements used in the computation, and report 
the resulting target sample size [5]. This informa-
tion is usually provided in statistical methods of 
the research paper. For example, in PATHWAY-2 
trial [7] is reported that “the sample size was 
 estimated to be 294 patients, based on detecting a 
difference of 3 mm Hg (SD 12) in home systolic 
blood pressure between each of the experimental 
drugs and the placebo treatment, with 90% power 
using a single sample t test at the 0.003 signifi-
cance level (this was chosen in order that the 
0.01  level could be adjusted for three planned 
comparisons)”.

Nowadays, the sample size calculation can be 
conducted with specialized tools such as 
G*Power or software environment R (Fig. 2.22).
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and Cardiovascular Risk

Renata Cifkova

 Hypertension as a Cardiovascular 
Risk Factor

In a comparative risk assessment of 67 risk fac-
tors and risk factor clusters in 21 regions, 
hypertension ranked first for global disease 
burden [1]. It is the most prevalent cardiovas-
cular disorder affecting 20–50% of the adult 
population worldwide. At the same time, 
hypertension has been identified as a risk fac-
tor for coronary heart disease, stroke, periph-
eral arterial disease, heart and renal failure in 
both men and women in a large number of epi-

demiological studies [2–5]. Hypertension has 
also been shown to increase the risk of atrial 
fibrillation [6]. There is also evidence from 
observational studies that blood pressure (BP) 
correlates inversely with cognitive function 
and that hypertension is associated with an 
increased incidence of dementia [7, 8].

In the year 2001, the worldwide burden of 
disease attributable to high systolic BP 
(≥115  mmHg) was 54% for stroke, and 47% 
for ischemic heart disease [9]. About half of 
this burden was experienced by individuals 
with hypertension, the other part in those with 
a lesser degree of high BP. More than 80% of 
the attributable burden of the disease was 
found in low- and middle-income regions.

A meta-analysis of individual data of one mil-
lion adults from 61 prospective observational 
studies found a continuous graded independent 
relationship with the risk of stroke and coronary 
events [10]. Coronary heart disease (CHD) and 
stroke mortality increases progressively and lin-
early from BP levels as low as 115 mmHg sys-
tolic and 75 mmHg diastolic upward (Figs.  3.1 
and 3.2). The increased risks are seen in all age 
groups from 40 to 89  years of age. For every 
20  mmHg systolic or 10  mmHg diastolic BP 
increase, there is a doubling of mortality from 
CHD and stroke.
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 Assessment of Total Cardiovascular 
Risk in Hypertension

 Introduction

Historically, hypertension guidelines long 
focused on BP values as the only or main vari-
ables determining therapeutic interventions. 
Although this approach was maintained in the 
2003 Joint National Committee (JNC) 7 guide-
lines [11] and was found cost effective [12], the 
ESH-ESC guidelines have since 2003 [13–15] 
emphasized that management of hypertension 
should be related to quantification of total car-
diovascular (CV) risk. Finally, this approach 
was also adopted by the most recent US hyper-
tension guidelines [16]. The rationale for this 
approach is that only a small proportion of the 
hypertensive population has an elevation of BP 
alone with the great majority exhibiting addi-
tional CV risk factors [17–21], with a relation-

ship between the severity of BP elevation and 
that of alterations in glucose and lipid metabo-
lism [22]. When elevated BP and metabolic risk 
factors are concomitantly present, they potenti-
ate each other risk [17, 23, 24]. Thresholds and 
goals for antihypertensive treatment as well as 
treatment strategies for concomitant risk factors 
may differ based on total CV risk. Therefore, 
estimation of total CV risk is essential for guid-
ing patient management.

The use of total CV risk estimation may also 
improve physicians´ behavior in drug prescrip-
tion and patient adherence [25, 26]; however, 
there are some reports showing no impact on pro-
vider behaviors [27] and inadequate use in rou-
tine clinical practice [28, 29].

 How to Assess Total CV Risk

A number of complex and computerized methods 
have been developed for estimating total CV risk, 
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i.e., the likelihood of experiencing a CV event, 
usually within the next 10 years. Many risk strati-
fication systems are based on the Framingham 
study [30], estimating the 10-year risk for both 
fatal and non-fatal CHD by systolic BP and pres-
ence of other risk factors. The easy and rapid cal-
culation of the Framingham risk score using 
published tables (National Cholesterol Education 
Program, NCEP) [31] may assist the physician 
and patient in demonstrating the benefits of 
treatment.

The Framingham risk stratification has been 
shown to be reasonably applicable to some 
European populations [32] but requiring re- 
calibration in other populations [33, 34] due to 
geographic differences in the incidence of coro-
nary and stroke events.

The latest US hypertension guidelines [16] 
recommend use of the ACC/AHA Pooled Cohort 
Equation (http://tools.acc.org/ASCVD-Risk-
Estimator/) to estimate the 10-year risk of athero-

sclerotic CVD (ASCVD) to establish the BP 
threshold for treatment [35].

Given the need for a European model based on 
a large database, the SCORE (Systemic Coronary 
Risk Evaluation) project [36] was used to develop 
SCORE charts for high- and low-risk countries in 
Europe estimating the risk of dying from CV (not 
just coronary) disease over 10 years, and allow-
ing calibration of the charts for individual coun-
tries provided that national mortality statistics 
and estimates of the prevalence of major CV risk 
factors are available. The SCORE model has also 
been used in the HeartScore, the official European 
Society of Cardiology management tool for 
implementation of CVD prevention in clinical 
practice (www.escardio.org).

The main disadvantage associated with an 
intervention threshold based on relatively short- 
term absolute risk is that younger adults (par-
ticularly women), while having more than one 
risk factor, are unlikely to reach treatment 
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thresholds despite being at high risk relative to 
their peers. By contrast, most elderly men (e.g., 
those aged 65) will often reach treatment thresh-
olds whilst being at very little increased risk 
relative to their peers. This situation results in 
most resources being concentrated on the oldest 
subjects whose potential lifespan, despite inter-
vention, is relatively limited, while young sub-
jects at high relative risk remain untreated 
despite, in the absence of intervention, a pre-
dicted significant shortening of their otherwise 
much longer potential lifespan [37, 38].

Use of the SCORE chart for estimating 
total CV risk in hypertension should be con-

sidered a minimal requirement taking into 
account the fact that total CV risk can be 
underestimated [39].

On the basis of these considerations, the 2013 
ESH-ESC guidelines [15] suggest total CV risk 
be stratified as shown in Table 3.1. The terms low 
(<1%), moderate (<1 and <5%), high (≥5 and 
<10%), and very high (≥10%) risk refer to the 
10-year risk of CV mortality as defined by the 
2012 ESC prevention guidelines [40]. The factors 
on which this stratification is based are listed in 
Table 3.2. They include risk factors, asymptom-
atic organ damage, diabetes mellitus, and estab-
lished CV or renal disease.

Other risk factors,
asymptomatic organ
damage or disease

High normal
SBP 130–139
or DBP 85–89

Grade 1 HT
SBP 140–159
or DBP 90–99

Low risk

Low risk

Moderate risk High risk

Moderate risk
Moderate to

high risk

Moderate to
high risk

Low to
Moderate risk

Moderate to
high risk

BP = blood pressure; CKD = chronic kidney disease; CV = cardiovascular; CVD = cardiovascular disease; DBP = diastolic blood pressure;
HT = hypertension; OD = organ damage; RF = risk factor; SBP = systolic blood pressure. 

High risk

High risk

High riskHigh risk

High risk

High to
very high risk

Very high riskVery high riskVery high riskVery high risk

Grade 2 HT
SBP 160–179

or DBP 100–109

Grade 3 HT
SBP ≥180

or DBP ≥110

Blood pressure (mmHg)

No other RF

1–2 RF

OD, CKD stage 3 or diabetes

Symptomatic CVD, CKD stage
≥4 or diabetes with OD/RFs

≥3 RF

Table 3.1 Stratification of total CV risk

Table 3.2 Factors—other than office BP—influencing prognosis; used for stratification of total CV risk

Risk factors
  Male sex
  Age (men ≥55 years; women ≥65 years)
  Smoking
  Dyslipidemia
   total cholesterol >4.9 mmol/l (190 mg/dl), and/or;
   LDL-cholesterol >3.0 mmol/l (115 mg/dl), and/or;
   HDL-cholesterol: men <1.0 mmol/l (40 mg/dl), women <1.2 mmol/l (46 mg/dl), and/or
   triglycerides >1.7 mmol/l (150 mg/dl)
  Fasting plasma glucose 5.6–6.9 mmol/l (102–125 mg/dl)
  Abnormal glucose tolerance test
  Obesity (BMI ≥ 30 kg/m2)
  Abdominal obesity (waist circumference: men ≥102 cm, women ≥88 cm in Caucasians)
  Family history of premature CV disease (men aged <55 years; women aged <65 years)
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 Searching for Subclinical 
(Asymptomatic) Organ Damage

Given the importance of subclinical organ dam-
age as an intermediate stage in the continuum of 
vascular disease and as a determinant of overall 
CV risk, signs of organ involvement in hyperten-
sive individuals should be sought for carefully 
using appropriate techniques.

The presence of any of the four following 
markers, i.e., increased urinary albumin excre-
tion (UAE), increased pulse wave velocity 
(PWV), left ventricular hypertrophy (LVH), and 
carotid plaques predicts CV mortality indepen-
dently of SCORE stratification [41–43]. This is 
an argument favoring routine use of organ dam-
age assessment, particularly in specialized cen-
ters or clinics. The risk increases with the number 
of damaged organs [41].

Table 3.2 (continued)

Asymptomatic organ damage
  Pulse pressure (in the elderly) ≥ 60 mmHg
  Left ventricular hypertrophy
   electrocardiogram:
   Sokolow-Lyon index >3.5 mV; RaVL >1.1 mV; Cornell voltage duration product
   > 244 mV×ms; or
   echocardiogram:
   LVM indexa: men >115 g/m2; women >95 g/m2

  Carotid wall thickening (IMT > 0.9 mm) or plaque
  Carotid-femoral pulse wave velocity > 10 m/s
  Ankle-brachial index <0.9
  CKD with eGFR 30–60 ml/min/1.73 m2

  Microalbuminuria 30–300 mg/24 h or albumin- creatinine ratio 30–300 mg/g; 3.4–34 mg/mmol preferentially in 
morning spot urine

Diabetes mellitus
  Fasting plasma glucose ≥7.0 mmol/l (126 mg/dl) on 2 repeated measurements, and/or
  HbA1c > 7% (53 mmol/mol), and/or
  Post-load plasma glucose >11.0 mmol/l (198 mg/dl)
Established CV or renal disease
  Cerebrovascular disease:
   ischemic stroke;
   cerebral hemorrhage;
   transient ischemic attack
  CHD:
   myocardial infarction;
   angina;
   coronary revascularization with PCI or CABG;
   heart failure
  Heart failure, including heart failure with preserved EF
  Symptomatic lower extremities PAD
  CKD with eGFR <30 ml/min/1.73 m2; proteinuria (> 300 mg/24 h)
  Advanced retinopathy:
   hemorrhages or exudates;
   papilledema

Adopted from [15]
BMI body mass index, CABG coronary artery bypass grafting, CHD coronary heart disease, CKD chronic kidney dis-
ease, CV cardiovascular, EF ejection fraction, eGFR estimated glomerular filtration rate, HbA1c glycated hemoglobin, 
HDL-C high-density lipoprotein cholesterol, IMT intima-media thickness, LDL-C low-density lipoprotein cholesterol, 
LVM left ventricular mass, PCI percutaneous coronary intervention, PWV pulse wave velocity
aRisk maximal for concentric LVH: increased LVM index with a wall thickness to radius ratio of 0.42
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 Heart

 Electrocardiography
Electrocardiography (EKG) is part of routine 
assessment of hypertensive individuals in order 
to detect LVH, pattern of “strain”, ischemia, and 
arrhythmias. Its sensitivity in detecting LVH is 
low, nonetheless hypertrophy detected by 
Sokolow-Lyons index, modified Sokolow-Lyons 
index (largest S wave plus largest R wave 
>3.5 mV) or by Cornell voltage QRS duration is 
an independent predictor of CV events [44]. In a 
prospective survey including 7495 American 
adults, a new indicator of LVH, the Novacode 
estimate of left ventricular mass index (LVMI) 
(based on both voltage and strain pattern crite-
ria), has been reported to be significantly related 
to 10-year CV mortality [45]. A further analysis 
from the LIFE trial has shown that hypertensive 
patients with EKG LVH or left bundle branch 
block are at increased risk of CV mortality and 
hospitalization for heart failure [46]. A prospec-
tive study by Verdecchia et al. [47] documented 
that R-wave voltage in aVL is closely associated 
with left ventricular mass (LVM) and predictive 
of CV events when hypertension is not accompa-
nied by EKG LVH. The prevalence of EKG LVH 
increases the severity of hypertension [48].

Electrocardiography seems to be valuable at 
least in patients over 55  years of age [49, 50]. 
Electrocardiographic ST-T abnormalities are 
often present in conjunction with EKG 
LVH.  Adding EKG repolarization changes to 
EKG voltage and QRS duration may improve the 
detection of LVH [51]. It can also be used to 
detect LV strain indicating higher risk [44, 49]. In 
the LIFE study, new development of EKG strain 
was a strong predictor of adverse outcome in the 
setting of EKG LVH regression [52].

Longer QRS duration is an independent pre-
dictor of sudden cardiac death and heart failure in 
patients with hypertension [52, 53].

Electrocardiography and/or 24-h Holter 
EKG monitoring play a crucial role in detect-
ing atrial fibrillation, an independent predictor 
of adverse outcomes such as stroke, heart fail-
ure, and CV mortality in hypertensive patients 
[54]. There is growing evidence that new-onset 

atrial fibrillation should be considered target 
organ damage [55].

 Echocardiography (Two-Dimensional 
Transthoracic)
Standard two-dimensional transthoracic echocar-
diography (2TTE) is more sensitive than electro-
cardiography in diagnosing LVH [56] and 
predicting CV and renal risk [57]; it may also be 
more helpful in risk stratification [58].

There are also some technical limitations such 
as inter-observer variability, low-quality imaging 
in obese individuals and in patients with obstruc-
tive lung disease. Although the relation between 
LVMI and CV risk is continuous, thresholds of 
115  g/m2 for men and 95  g/m2 for women are 
widely used for conservative estimates of LVH 
[59]. Concentric hypertrophy (wall-to-radius 
ratio ≥0.42 with an increased LVM), eccentric 
hypertrophy (increased LVM and wall-to-radius 
ratio <0.42), and concentric remodeling (wall-to- 
radius ratio ≥0.42 with normal LVM) all predict 
an increased incidence of CVD but concentric 
hypertrophy has consistently been shown to be 
associated with the highest risk [60–62].

In addition, echocardiography is a tool for 
assessing left ventricular systolic and diastolic 
function; ejection fraction as well as midwall 
fractional shortening have been proposed as pos-
sible additional predictors of CV events. 
Alterations of diastolic function (i.e., alterations 
of LV relaxation and filling) are frequent in 
hypertensives, and particularly in the elderly 
[63]. Hypertension-induced diastolic dysfunction 
is associated with concentric geometry and can 
induce symptoms/signs of heart failure, even 
when ejection fraction (EF) is still normal (heart 
failure with preserved ejection fraction) [64]. 
Diastolic dysfunction is associated with increased 
risk of atrial fibrillation [65], heart failure [66], 
and increased total mortality [67]. Filing abnor-
malities can be quantified by Doppler transmitral 
inflow pattern and predict heart failure and all- 
cause mortality [66, 68].

Finally, echocardiography provides informa-
tion on the size of the left atrium; left atrial 
enlargement is associated with a higher risk of 
atrial fibrillation, CVD, and death [69–72].
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Normal ranges and cutoff values of parame-
ters to be included in the echocardiographic 
report are listed in Table 3.3.

Subclinical systolic dysfunction can be 
assessed using speckle-tracking echocardiogra-
phy to quantify longitudinal contractile function 
(longitudinal strain).

 Other Cardiac Imaging Techniques
Three-dimensional echocardiography (3DE) is a 
more reliable method for quantitative analysis, 
and for LVM in particular. There is limited evi-
dence for 3DE reference values and prognostic 
validation [73].

Cardiac magnetic resonance imaging is the 
gold standard for cardiac anatomical and func-
tional quantification; it has the same limitations 
as 3DE and is more expensive. Cardiac magnetic 
resonance imaging should be used when 2D-TTE 
or 3DE is unavailable and LV geometry is impor-
tant for the decision to treat.

 Blood Vessels

 Carotid Arteries
Ultrasound examination of the carotid arteries 
with measurement of intima-media thickness 
(IMT) or the presence of plaques have been 
shown to predict stroke and myocardial infarc-

tion [74, 75]. The relationship between carotid 
IMT and CV events is a continuous one but, for 
the common carotid arteries, an IMT > 0.9 mm is 
considered abnormal [76]. Ultrasound scans lim-
ited to the common carotid arteries (an infrequent 
site of atherosclerosis) are likely to measure vas-
cular hypertrophy only whereas assessment of 
atherosclerosis also requires scanning of the 
bifurcations and/or internal carotids where 
plaques are more frequent [77–79]. Further anal-
ysis from ELSA [80] has shown baseline carotid 
IMT (both at carotid bifurcations and at the level 
of the common carotid artery) predicts CV events 
independent of BP (clinic and ambulatory). This 
suggests that both atherosclerosis (reflected by 
the IMT at bifurcations) and vascular hypertro-
phy (reflected by the common carotid IMT) exert 
an adverse prognostic effect in addition to that of 
high BP.

Quantitative B-mode ultrasound of carotid 
arteries requires training and methodological 
standardization for IMT measurement. Lack of 
standardization regarding the definition and mea-
surement of IMT were responsible for high vari-
ability and low intra-individual reproducibility. A 
meta-analysis failed to show any added value of 
IMT compared with the Framingham risk score 
in predicting future CVD even in the intermedi-
ate risk group [81]. Thus, the 2016 European 
guidelines on CVD prevention in clinical practice 

Table 3.3 Definitions of LVH, concentric geometry, left ventricular chamber, systolic/diastolic function, and LA 
dilation

Parameter Measure Cutoff point
LVH LV mass/height2 (g/m2) Men >50

Women >47
LVH LV mass/BSA (g/m2) Men >115

Women >95
LV concentric geometry RWT ≥ 0.43
LV chamber size LV end-diastolic diameter/height (cm/m) Men >3.3

Women >3.4
Systolic function LV ejection fraction (%) >55
Diastolic function Septal e´ velocity (cm/s)

Lateral e´ velocity (cm/s)
<8
<10

LV filling pressures E/e´ (averaged) ratio ≥13
LA size (Simpson) LA volume/BSA (ml/m2) ≥34
LA size (elliptical) LA volume/height2 (ml/m2) Men >17.7

Women >16.7

BSA body surface area, LA left atrial, LV left ventricular, LVH left ventricular hypertrophy, RWT relative wall 
thickness
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do not recommend systematic use of carotid IMT 
to improve risk assessment [82].

Presence of a plaque can be identified by an 
IMT > 1.3 mm or 1.5 mm, or by a focal increase 
in thickness of 0.5 mm or 50% of the surrounding 
IMT value [77–79]. There is evidence that, in 
untreated hypertensive individuals without target 
organ damage by routinely performed tests, these 
alterations are common and thus carotid ultra-
sound examination may often detect vascular 
damage and make risk stratification more precise 
[39]. An adverse prognostic significance of 
carotid plaques (hazard ratio 2.3) has also been 
reported in a sample of Copenhagen county resi-
dents free of overt CVD, followed for about 
13 years [83].

Carotid plaque has a stronger predictive value 
for both stroke and myocardial infarction, higher 
than that of IMT and independent of traditional 
CV risk factors. The presence of a carotid plaque 
automatically reclassifies patients from interme-
diate to high risk [76]; however, routine carotid 
ultrasound imaging is not recommended unless 
there is a clinical indication (bruit, previous TIA 
or stroke).

 Ankle-Brachial Index
A low ankle-brachial index (ABI, <0.9) signals 
peripheral arterial disease and, in general, 
advanced atherosclerosis [84, 85] whereas carotid 
IMT measurements are able to detect earlier 
changes. A reduced ABI (< 0.9) relates to further 
development of angina, myocardial infarction, 
congestive heart failure, need for coronary artery 
bypass surgery, stroke, carotid and peripheral 
vascular surgery [86–89] and, in patients with 
multi-vessel coronary disease, it confers addi-
tional risk [90].

 Pulse Wave Velocity
Large artery stiffening has been identified as the 
most important pathophysiological determinant 
of isolated systolic hypertension and age-related 
pulse pressure increase [91]. Measurement of 
carotid-femoral pulse wave velocity (PWV) pro-
vides a comprehensive non-invasive assessment 
of arterial stiffness [92]. Carotid-femoral PWV is 
currently considered the gold standard for large 

artery stiffening, a measure shown to have an 
independent predictive value for all-cause mor-
tality and CV morbidity, coronary events and 
strokes in patients with uncomplicated essential 
hypertension [93–97]. Reference values for PWV 
are available from 16,867 subjects enrolled in 13 
different centers in eight European countries 
[98]. A PWV > 10 m/s is considered a conserva-
tive estimate of an abnormal value in middle- 
aged hypertensive patients [99]. The additive 
predictive value of PWV beyond traditional risk 
scoring systems (including SCORE and the 
Framingham Risk Score) has been shown by the 
Copenhagen county population [83].

Indirect indices of aortic stiffness and wave 
reflection such as central blood pressure and aug-
mentation index have been confirmed as indepen-
dent predictors of CV events in two studies [100, 
101]. In one of these studies, only central systolic 
blood pressure consistently and independently 
predicted CV mortality after adjustment for vari-
ous CV risk factors including LVM and carotid 
IMT [101]. In the Conduit Artery Function 
Evaluation (CAFE) study, a substudy of ASCOT, 
central pulse pressure was significantly associ-
ated with a post-hoc defined composite outcome 
of fatal CV events/procedures and development 
of renal impairment [102]. The BP GUIDE study 
[103] showed that management of hypertension 
guided by central aortic blood pressure (com-
pared with best practice care) was associated 
with less use of medication to achieve BP 
control.

In conclusion, PWV may be useful in refining 
risk stratification in selected patients but is not 
yet recommended for routine practice.

 Kidney

The diagnosis of induced renal damage is based 
on the finding of a reduced renal function and/or 
the detection of elevated urinary albumin excre-
tion [104]. Renal function is represented mainly 
by glomerular filtration rate (GFR) depending on 
the number and function of nephrons, and 
decreasing with age after the third decade (pro-
gressive loss of 1% per year).
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Renal function is currently classified based on 
the estimated glomerular filtration rate (eGFR) 
calculated using various formulas of which the 
2009 CKD EPI formula seems to be the most 
reliable for a wide range of patients [105]. Values 
of eGFR <60  ml/min/1.73  m2 indicate chronic 
kidney disease (CKD) stage 3 whilst values <30 
and <15 ml/min/1.73 m2 indicate CKD stages 4 
and 5 (kidney failure), respectively [106] 
(Table 3.4). 

A reduction in GFR and an increase in CV risk 
are also reflected in increased serum cystatin C 
[107].

While elevated serum creatinine or low eGFR 
(or creatinine clearance) indicate reduced glo-
merular filtration, an increase in urinary albumin 
or protein excretion reflects derangement in the 
glomerular filtration barrier. Urinary albumin 
excretion (UAR) has been shown to predict the 

development of overt diabetic nephropathy in 
both type 1 and 2 diabetics [108] while the pres-
ence of overt proteinuria generally indicates the 
presence of established renal parenchymal dam-
age [109]. Urinary albumin excretion, even below 
the current threshold values, has been shown to 
predict CV events in both diabetic and non- 
diabetic hypertensive patients [110, 111]. There 
is a continuous relationship between CV and 
non-CV mortality and urinary protein excretion 
[112, 113]. Albuminuria can be measured from 
spot urine samples, preferably early morning 
urine (24-h or night urine samples are discour-
aged due to the inaccuracy of urine collection) by 
indexing the urinary albumin concentration to the 
urinary creatinine concentration [106].

Progressive reduction in eGFR and increased 
albuminuria indicate progressive loss of renal 
function towards end-stage renal disease and are 

Persistent albuminuria categories
description and range

Prognosis of CKD by GFR
and albuminuria categories:

KDIGO 2012

A1 A2 A3

Normal to
mildly

increased

<30 mg/g
<3mg/mmol

Normal or high

Mildly decreased

Mildly to moderately
decreased

Moderately to
severely decreased

Severely decreased

Kidney failure

Green: low risk (if no other markers of kidney disease, no CKD); Yellow: moderately increased risk;
Orange: high risk; Red, very high risk.
CKD= chronic kidney disease; GFR = glomerular filtration rate
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G4

G5

>300 mg/g
>30mg/mmol

30-300 mg/g
3-30 mg/mmol

Moderately
increased

Severely
increased

≥90

60–89

45–59

30–44

15–29

<15

Table 3.4 Prognosis of CKD by GFR and albuminuria category
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both independent predictors of increased CV risk 
in diabetic and non-diabetic kidney disease [114]. 
The presence of both increased albuminuria and 
reduced eGFR is associated with a greater risk of 
renal and CV complications (Table 3.4).

Hyperuricemia is frequently seen in untreated 
hypertensives (particularly in pre-eclampsia) and 
has also been shown to correlate with reduced 
renal blood flow and the presence of nephroscler-
osis [115].

Serum creatinine, eGFR, and urinalysis 
including measurement of albumin-to-creatinine 
ratio are considered routine laboratory tests to be 
performed in all hypertensive patients and 
repeated at least annually.

 Retinal Vessels

Most hypertensive patients usually present early 
in the process of their disease, and hemorrhages 
and exudates (grade 3) and papilledema (grade 4) 
are observed very rarely but are highly reproduc-
ible and always associated with an increased risk 
of CV events [116, 117]. On the other hand, 
grade 1 (focal or general arteriolar narrowing) 
and 2 (arteriovenous nipping) retinal changes are 
reported much more frequently than other sub-
clinical organ damage with documented clinical 
significance (LVH, carotid plaques, and albumin-
uria), but the prognostic significance of these 
mild retinal changes has been questioned [118–
121] and their reproducibility is limited. These 
changes appear to be largely non-specific except 
for young patients, in whom a deviation from an 
entirely normal retina should raise concern. More 
selective methods for objective assessment of the 
eye fundus have been developed, e.g., digitalized 
retinal photographs, which showed that retinal 
arteriolar and venular narrowing may precede the 
development of hypertension [122, 123].

 Brain

Hypertension is associated with an increased risk 
of ischemic and hemorrhagic stroke, and vascular 
brain injury (VBI) [124]. Brain imaging in hyper-

tension may be used to detect VBI considered a 
sign of cerebral small vessel disease (SVD) and 
an important mediator of the relationship between 
hypertension and brain aging. Cerebral SVD is 
associated with cognitive, psychiatric, and physi-
cal disabilities contributing to the risk of stroke, 
cognitive dysfunction, and dementia [125–127]. 
The following signs of VBI can be recognized on 
brain imaging: white matter hyperintensity, cere-
bral microbleeds, recent small subcortical 
infarcts, lacunes, dilated perivascular space, and 
atrophy [128].

Several studies have shown that VBI detected 
using magnetic resonance imaging (MRI) is quite 
common in the general population [125, 129], 
with prevalence increasing with age and hyper-
tension. The availability and cost considerations 
do not allow widespread use of MRI in the evalu-
ation of elderly patients but silent brain infarcts 
should be sought in all hypertensives with neural 
disturbance and, particularly, memory loss. 
Cognitive tests should be used in the clinical 
assessment of elderly hypertensives [130].

 Prognostic Value of Treatment- 
Induced and Multiorgan Subclinical 
Organ Damage

Treatment-induced changes in organ damage 
affect the incidence of CV events, hence organ 
damage should be assessed also during treatment 
[131] because LVH regression and reduction of 
urinary protein excretion indicate treatment- 
induced CV protection [131, 132]. There is also 
some evidence that treatment-induced changes in 
eGFR predict CV events [133–139].

On the other hand, two meta-analyses did not 
show any predictive value of treatment-induced 
reduction in carotid IMT for CV events [140, 
141]. There is no or limited evidence for the pre-
dictive power of treatment-induced changes in 
PWV and ABI.

Whenever possible, search for subclinical 
organ damage should be made simultaneously 
in various organs because multiorgan sub-
clinical organ damage is associated with a worse 
prognosis.
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A population-based study from Denmark 
showed that subclinical organ damage predicted 
CV death independently of SCORE and use of 
the combination of SCORE and subclinical 
organ damage may improve risk prediction, par-
ticularly in subjects with moderate CV risk, by 
assessing urinary albumin excretion and pulse 
wave velocity [41].

Regression of target organ damage may not 
be achieved even under satisfactory BP con-
trol. Some changes may be irreversible 
because they are too advanced. Blood pres-
sure-lowering treatment can also prevent 
development of target organ damage [142]. If 
target organ damage develops during antihy-
pertensive treatment, it may be associated with 
an increased risk [143].

In conclusion, it is important to assess target 
organ damage on treatment; if there is target 
organ damage at baseline, its evaluation should 
be repeated at least once during the first year of 
effective BP control. If there is no target organ 
damage at baseline, the re-assessment may be 
postponed.
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 Introduction

The relationship between elevated blood pressure 
and premature death was first demonstrated from 
data collected by insurance companies in the 
1920s [1], and the association continued to be 
strengthened by data from the same source accu-
mulated over the next 3 decades. The beneficial 
effects of blood pressure reduction however, 
remained controversial till the mid 1950s because 
of the luck of effective therapies and the fear of 
harming vital organs and actually increasing car-
diovascular events with lower pressures [2]. Thus 
therapeutic nihilism prevailed for a long time.

The advent of effective and well tolerated 
antihypertensive therapies offered an attractive 
choice for the reduction of elevated blood pres-

sure, which rapidly replaced prior difficult and 
not well tolerated therapeutic strategies, such as 
Kempner’s rice diet, splachnicectomy, and adre-
nalectomy [3]. Although antihypertensive drugs 
were widely accepted for the management of 
malignant hypertension – a devastating condition 
with very high morbidity and mortality  – the 
place of antihypertensive therapy in severe hyper-
tension and especially in mild to moderate hyper-
tension remained uncertain for a long time [3].

The two landmark VA Co-operative studies [4, 
5], designed and spearheaded by Edward Freis 
(Fig. 4.1) were the first multicenter, prospective, 
placebo-controlled, double-blind, randomized 
trial ever conducted in the cardiovascular field. In 
the words of Edward Freis: “the VA studies estab-
lished a model for future trials” [6]. Ed Freis 
solved many problems and had change many 
minds in order to be successful in conducting 
those trials, but as many pioneers he was persis-
tent and determined. These studies changed the 
history of cardiovascular medicine. Needless to 
say that history is written by people who have 
bright ideas and are determined to overcome all 
obstacles.

This chapter presents the findings of the VA 
Co-operative studies in both patients with severe 
hypertension and patients with mild-moderate 
hypertension, describes the unfriendly environ-
ment of the times and summarizes the influence 
of the VA studies in cardiovascular medicine, 
medical research and daily practice. Finally this 
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chapter pays a tribute to Ed Freis, the man, the 
physician and the pioneer of cardiovascular clini-
cal trials.

 The VA Co–operative Studies

The idea for landmark VA Co-operative studies 
started in the early 1960s when Ed Freis formed 
the VA co-op study group, aiming to test his idea 
that lowering elevated blood pressure will result 
in fewer cardiovascular events, the opposite of 
what his opponents supported. At that time many 
believed that high BPs were needed to perfused 
organs with diseased arteries and lowering BPs 
would be detrimental. The studies included male 
Veterans with average diastolic blood pressure 
between 90 and 129 mmHg not on any antihyper-
tensive medication [4, 5]. Patients were excluded 
from the study if they had: (a) malignant hyper-

tension, (b) very severe target organ damage (car-
diac, cerebrovascular, optic, renal), (c) surgically 
curable hypertension, (d) malignancy, (e) history 
of cerebral or subarachnoid hemorrhage, dissect-
ing aneurism, and treatment-resistant congestive 
heart failure, (f) been unwilling or unable to 
attend the study, and (g) been uncooperative or 
judged unreliable (alcohol abuse, vagrants, 
poorly motivated). Patients with prior myocardial 
infarction or ischemic stroke were allowed to 
participate in the study. A vigorous pre- 
randomization work-up and a meticulous post- 
randomization follow-up plan were applied and 
will be later described in detail. Patients were 
randomized to receive either triple antihyperten-
sive therapy (100 mg HCTZ, 0.2 mg reserpine, 
and 150 mg hydralazine) or placebo. Drug doses 
were down-titrated in case of severe adverse 
effects or hypotensive episodes. A total of 523 
patients were found eligible and entered the study 
from April 1964. Of those, 143 patients had aver-
age baseline diastolic blood pressure between 
115 and 129 mmHg, while 380 patients had aver-
age baseline diastolic blood pressure between 90 
and 114 mmHg. The first study for patients with 
severe hypertension (average diastolic blood 
pressure: 115–129 mmHg), was terminated pre-
maturely in May 1967 due to substantial benefits 
of active therapy and ended as scheduled in 
October 1969 for patients with less severe hyper-
tension (average diastolic blood pressure: 
90–114 mmHg). The findings of the study will be 
presented separately for the two blood pressure 
categories.

 Patients with Severe Hypertension 
(DBP: 115–129 mmHg)

A total of 143 middle-aged (mean age: 51 years; 
range 30–73  years) Caucasian and African 
American male Veterans were included in this 
study [4]. The cardiovascular risk of study par-
ticipants at baseline was very high: quite severe 
target organ damage, prior cardiovascular throm-
botic event (8%), enlarged heart at roentgeno-
gram (42%), electrocardiographic left ventricular 
hypertrophy (32%), cardiac symptoms (30%), 

Fig. 4.1 Edward D. Freis at his office at the VA Medical 
Center, Washington, DC. (On the top, younger age; on the 
bottom, older age)
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diabetes mellitus (9%), and dyslipidemia (mean 
total cholesterol: 250 mg/dl). The average base-
line blood pressure was 185.6/121.2  mmHg in 
the active treatment group and 186.8/121.0 mmHg 
in the placebo group. There were no significant 
differences between the two groups in any base-
line demographic or clinical parameter.

The average blood pressure reduction at the 
end of the study was 43 mmHg for systolic and 
29.7 mmHg for diastolic blood pressure. In par-
ticular, diastolic blood pressure was significantly 
decreased with active therapy from 121.2 mmHg 
at baseline to 91.5 mmHg at the end of the study. 
Blood pressure reduction was observed from the 
beginning of the study (diastolic blood pressure: 
93.1  mmHg at 4  months) and remained stable 
between 90 and 92 mmHg in average throughout 
the study. Of note, blood pressure dropped sig-
nificantly (by 10–80 mmHg for systolic and by 
5–60  mmHg for diastolic) in the vast majority 
(>90%) of study participants in the active therapy 
group, with most patients experiencing impres-
sive blood pressure reductions of 28–60 mmHg 
for systolic and 12–44 mmHg for diastolic blood 
pressure. In contrast, diastolic blood pressure 
remained practically unaffected by placebo (from 
121.0 mmHg at baseline to 119.7 mmHg at study 
end).

Overall, 27 events occurred in the placebo 
group compared with only two events in the 
actively treated group (Table 4.1), and the differ-
ence was highly statistically significant 
(p < 0.0001). The overall dropout rate was small 
(8.4%) and equally divided between the two 
groups. Even if all patients who dropped out in 
the active therapy group had an event and all 

patients who dropped out in the placebo group 
were free of an event, the difference in outcomes 
remained statistically significant (p  <  0.001). 
There were 7 cardiovascular events (myocardial 
infarction: 2, congestive heart failure: 3, stroke/
TIA: 3), 6 with placebo and 1 with active therapy. 
Moreover, there were 21 terminating events with 
placebo, including 4 deaths (sudden death, dis-
secting aortic aneurysm, ruptured abdominal 
aneurysm), progression to malignant hyperten-
sion, cerebrovascular and subarachnoid hemor-
rhage, treatment resistant congestive heart failure, 
and severe blood pressure elevation (office dia-
stolic blood pressure > 140 mmHg and in- hospital 
diastolic blood pressure > 130 mmHg). In con-
trast, only 1 event occurred with active therapy, 
consisting of hyperglycemia, hypokalemia, and 
depression).

Standard doses of antihypertensive therapy 
(100 mg HCTZ, 0.2 mg reserpine, and 150 mg 
hydralazine) were administered in 45/73 patients 
on active therapy, while the doses were reduced 
to the rest due to either hypotension or side 
effects (headache, weakness, depression, 
hyperglycemia).

 Patients with Less Severe 
Hypertension (DBP: 90–114 mmHg)

In total, 380 patients with average baseline blood 
pressure between 90 and 114  mmHg were 
included in the study, with 186 assigned to triple 
antihypertensive therapy and 194 assigned to pla-
cebo [5]. Most patients were middle-aged, for a 
median age of 49.2 years in the control group and 
48.1  years in the placebo group. Most partici-
pants were Caucasians, but a significant portion 
was African-Americans (active therapy: 41%, 
control: 42%). Office baseline blood pressure 
was in average 162.1/103.8 mmHg in the active 
therapy group and 165.1/104.7 mmHg in the con-
trol group. Study participants in both the active 
therapy and control group had moderate target 
organ damage, enlarged heart at x-ray (29% and 
22%, respectively), electrocardiographic left 
ventricular hypertrophy (16% in both groups), 
and dyslipidemia (total cholesterol: 245.0 and 

Table 4.1 Morbid and fatal events in the VA Co-operative 
study in patients with severe hypertension (Diastolic 
blood pressure: 115–129 mmHg; modified from Ref. [4])

Placebo
n = 70

Therapy
n = 73

Accelerated hypertension 12 0
Stroke  4 1
Coronary event  2 0
CHF  2 0
Renal damage  2 0
Deaths  4 0

4 The VA Co-operative Studies; The First RCTs in Cardiovascular Disease – A Tribute to Edward D. Freis
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250.1, respectively). There were no significant 
differences between the two groups in any demo-
graphic or clinical parameter at baseline.

Both systolic and diastolic blood pressure fell 
significantly with active therapy and promptly 
within the first 4 months of therapy, while remain-
ing practically unaltered with placebo. In particu-
lar, systolic blood pressure dropped by 
27.2 mmHg in average with active therapy and 
increased by 4.2 mmHg in average with placebo. 
Likewise, diastolic blood pressure fell by 
17.4 mmHg in average with active therapy and 
increased by 1.2  mmHg with placebo. A large 
variation in individual responses was observed, 
with many patients experiencing systolic blood 
pressure reductions of 10–50  mmHg, while the 
corresponding diastolic blood pressure reduc-
tions were mainly 5–30 mmHg.

Overall, 98 events occurred throughout the 
study follow-up period. Participants in the con-
trol group experienced 76 events while partici-
pants assigned to active therapy experienced 22 
events. Severe blood pressure elevation (diastolic 
blood pressure >124 mmHg on 3 visits and per-
sisting >3  months) occurred in 20 patients 
assigned to placebo and these patients were not 
included for analysis, leaving 56 events in the 
control group. The efficacy of intervention was 
defined as the difference in complications (%) 
between control and active therapy groups 
divided by the complications (%) in the control 
group. The overall efficacy of active therapy was 
70% and when the 20 patients with progression 
to severe hypertension were excluded, the effi-
cacy remained substantial (59%). The efficacy of 
intervention was 73% when the terminating mor-
bid events were considered, i.e. cardiovascular 
deaths, class A events (dissecting aneurysm, sub-
arachnoid hemorrhage, malignant hypertension, 
uncontrolled heart failure), and treatment 
failures.

There were 19 deaths in the control group 
compared with 8 deaths in the active therapy 
group (Table 4.2). In the control group, 5 deaths 
were due to hemorrhagic events (cerebrovascu-
lar, subarachnoid, dissecting aneurysm), 6 due to 
thrombotic events (myocardial infarction, stroke), 
and 8 sudden deaths. In the active therapy group, 

there were no deaths due to hemorrhagic events; 
there were 4 sudden deaths and 4 due to throm-
botic events (myocardial infarction, stroke). The 
benefits of active therapy were even more impres-
sive in nonfatal events. There were 16 events in 
the placebo group (stroke, malignant hyperten-
sion, uncontrolled congestive heart failure, and 
hemorrhagic events) compared with only one 
nonfatal event (hypotension) in the active therapy 
group. The benefits were highly apparent in the 
prevention of heart failure, cerebrovascular and 
renal events but not in the prevention of coronary 
events. Life-table analysis revealed that the ben-
efits of active therapy appeared early in the study 
and were maintained and even enhanced through-
out the 5-year follow-up period.

Subgroup analysis was also performed accord-
ing to age, race, and baseline blood pressure lev-
els. According to age, the majority of events were 
observed in participants older than 50 years, both 
in the active therapy and the control group. Of 
major clinical importance, the benefits of active 
therapy were similar both in the older (>50 years) 
and younger (<50  years) participants (efficacy: 
59% and 55%, respectively). According to race, 
there were no differences in morbid events 
between Caucasian and African American par-
ticipants. Likewise, the benefits of active therapy 
were essentially the same in the two racial groups 
(efficacy: 59% and 54%, respectively). Very 
important information was extracted from the 
subgroup analysis according to baseline blood 
pressure levels. Morbid events were significantly 
higher in patients with higher baseline blood 
pressure levels: 42.7% vs 15.3% for patients with 

Table 4.2 Morbid and fatal events in the VA Co-operative 
study in patients with mild to moderate hypertension 
(Diastolic blood pressure: 90–114 mmHg; modified from 
Ref. [5])

Placebo
n = 194

Therapy
n = 186

Accelerated hypertension  4  0
Stroke 20  5
Total coronary event 13 11
Fatal coronary event 11  6
Congestive heart failure 11  0
Renal damage  3  0
Deaths 19  8
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baseline systolic blood pressure over vs under 
165 mmHg, and 31.8% vs 25% for patients with 
baseline diastolic blood pressure over vs under 
105 mmHg in the placebo group. The benefits of 
antihypertensive therapy were greater in patients 
with higher baseline blood pressure levels. In 
particular, efficacy was 64% vs 40% in patients 
with systolic blood pressure over vs under 
165 mmHg, while the corresponding percentages 
were even more impressive (75% vs 35%) in 
patients with diastolic blood pressure over or 
under 105 mmHg.

Regarding safety, dose adjustments were fre-
quently required due to hypotensive or other 
symptoms. Reserpine or HCTZ (or their match-
ing placebos) were withdrawn in 29 participants. 
Reserpine (or its matching placebo) was with-
drawn in 12 participants due to depressive symp-
toms; however, only 7 of these patients were 
actually receiving reserpine, while the rest 5 par-
ticipants were on matching placebo. Likewise, 
peptic ulcer was experienced by 10 patients, 6 on 
active therapy and 4 on placebo. Side effects of 
active therapy included sleepiness, nasal stuffi-
ness, gout, hypotension-induced seizures, and 
abnormal glucose tolerance tests in 6 patients.

 Prevailing Unfriendly Environment 
Prior to the VA Co-operative Studies

Now what is done to this poor fellow in an effort to 
bring his blood pressure down? Because of an ill- 
founded idea that protein is responsible for hyper-
tension in kidney disease, he is denied meat and 
eggs, especially red meat which for some reason is 
looked upon with particular dread. Then, his diet is 
rendered even more unpalatable by the withdrawal 
of salt. One would sympathize with this half- 
starved fellow except that he probably would not 
be able to eat anyway, his teeth having been 
removed on the theory that focal infection has 
something to do with hypertension. Even before 
this he had sacrificed his tonsils and had had his 
sinuses punctured because of the same theory. In 
case some food was consumed, the slight colonic 
residue was washed out by numerous colonic irri-
gations, especially during the period when the 
theory of auto-intoxication was enjoying a wave of 
popularity. To add to his unhappiness, he may be 
told to stop work and exercise. Of course, he is 
denied alcohol and tobacco, as well as coffee and 

tea, and now to cap the climax of his difficulties, 
the unfortunate person with hypertension seems 
about to fall into the clutches of the neurosurgeon, 
who is prepared to separate him from his sympa-
thetic nervous system. The only thing I can add 
would be that the surgeon is now also prepared to 
remove the adrenals. Edward Weiss, The New York 
Academy Bulletin, 1953

The psychic element of blood pressure eleva-
tion was greatly appreciated at that time. 
Characteristically, one study evaluated the effect 
of patient reassurance in the management of 
benign hypertensive disease in 31 outpatients (9 
of them were previously hospitalized) [7]. The 
authors fabricated an ‘electron gun’ with no 
physiologic action and informed the patients that 
this device is highly effective in hypertensive 
patients, offering dramatic blood pressure reduc-
tions. It was found that ‘electron gun’ was associ-
ated with substantial blood pressure reduction in 
15 out of 31 study participants, and the average 
reduction in responders was 36 mmHg for sys-
tolic and 27 mmHg for diastolic blood pressure. 
Of note, blood pressure was even controlled (dia-
stolic blood pressure <90 mmHg) in 8 of the 15 
responders to this ‘fake-device’ therapy. Similar 
results were obtained among hospitalized patients 
(39/28  mmHg drop in 6 out of 9 patients). In 
addition, subjective symptoms (headache, 
fatigue, dizziness, nervousness, and chest pain) 
were significantly improved among all study par-
ticipants, permitting previously partially incapac-
itated patients to resume normal activities. Of 
note blood pressure reduction was transient and 
blood pressure returned to prior levels within 
8  weeks after the termination of ‘electron-gun’ 
use [7].

In the 1960’s four different approaches strug-
gled to prevail for the management of patients 
with arterial hypertension: (a) a dietary approach, 
with Walter Kempner at Duke University as lead-
ing figure, (b) splachnicectomy that started in the 
1920’s with Adson, Peet, and Page, and was rep-
resented by Reginald Smithwick at Boston 
University as the leading figure of that time, (c) 
drug therapy, with many excellent physicians 
around the globe leading the field, such as Robert 
Wilkins and Edward Freis in the United States of 
America, Horace Smirk in New Zealand, and 

4 The VA Co-operative Studies; The First RCTs in Cardiovascular Disease – A Tribute to Edward D. Freis



80

Colin Dollery in United Kingdom, and (d) a 
nihilistic approach, with Willian Goldring, 
Herbert Chasis, and George Perrera as leading 
figures.

Walter Kempner introduced a low-calorie diet 
that consisted mainly of rice and fruits, which 
was mainly low in sodium (<30 mmol/day), fat, 
and protein. Kempner’s diet was associated with 
a reduction in body weight and blood pressure 
[8], but was very difficult to adhere, and caused 
ketosis. The enthusiasm over Kempner’s diet has 
gradually subsided over the years. In the words of 
Arthur Fishberg: “Apparently the only essential 
feature of the rice diet is sodium restriction and 
the rest is what you might call window dressing”, 
George Perrera from Columbia University adds: 
“The only virtue in the rice diet rests in its low 
sodium content”, Edward Weiss writes: “When 
people have their attention focused too much on 
a weird diet, the harm that is done to them by 
obsession is often worse than what is produced 
by the disease”, and Herbert Chasis from NY 
University College finishes: “Our experience 
with the rice diet was disappointing … We 
observed no great falls in blood pressure … We 
concluded we would not advice the rice diet” [9]. 
But even salt restriction was not considered very 
helpful by many physicians. George Perrera 
stated characteristically: “Salt restriction forms 
only a small part of what we can do for the hyper-
tensive subject; when carried to excess it places 
undue emphasis on a feature of limited value; 
and it must always be remembered that diets can 
do harm”.

The recognition of sympathetic nervous sys-
tem importance in blood pressure regulation gen-
erated the hypothesis that the surgical destruction 
of sympathetic nerves will effectively lower 
blood pressure. Surgical sympathectomy was an 
extensive operation, included the resection of 
sympathetic nerves of the abdominal organs for 
maximum efficacy, and was thus called splachni-
cectomy [10]. Sympathectomy was found to be 
very effective in the management of malignant 
hypertension, lowering the blood pressure and 
attenuating or even reversing organ damage in 
about half of patients suffering from this mortal 
condition. Sympathectomy required prolonged 

hospitalization and recovery, and was associated 
with devastating adverse effects [11, 12]. The 
enthusiasm over sympathectomy waned over the 
years as well. In the words of Arthur Fishberg: 
“The proportion of patients with essential hyper-
tension in whom sympathectomy is indicated 
seems to be extremely small … The indications in 
general are hypertension in an individual below 
the age of fifty, who is definitely deteriorating 
despite every non-surgical therapeutic measure 
and in whom there are no arteriosclerotic com-
plications … Sympathectomy is indicated in only 
a few very sick hypertensives”, and Herbert 
Chasis adds: “Sympathectomy and adrenalec-
tomy are desperate maneuvers in desperately ill 
patients, with the family and the physician even-
tually becoming desperate … The interest in sym-
pathectomy is on the wane”, while he mentions 
the controversy on indications: “It is the opinion 
of some that the best kind of patients to operate 
on is the one with early labile essential hyperten-
sion. On the other hand, there are other physi-
cians who don’t advice sympathectomy until the 
prognosis is extremely poor” [9]. The concept of 
modulating the sympathetic nervous system 
recently revived with renal sympathetic denerva-
tion [13–16]. The intervention is minimally inva-
sive and requires the ablation of renal sympathetic 
nerves that travel at the adventitia of renal arter-
ies. Renal sympathetic denervation was found 
very effective in the management of resistant 
hypertension and several conditions associated 
with sympathetic overdrive [17–30]. The first 
large randomized, sham-controlled study how-
ever failed to uncover significant greater blood 
pressure reductions compared to placebo, raising 
concerns about the efficacy of this interventional 
approach [31–33]. Recently however, the interest 
on renal sympathetic denervation came back fol-
lowing the positive results of the intervention in 
patients with elevated blood pressure who were 
not taking antihypertensive drugs [34].

Therapeutic nihilism describes an extended 
skepticism and a negative attitude over drug use 
and prescription for the management of diseased 
individuals. The roots of therapeutic nihilism go 
way back to Aristotle who said that most of the 
patients die through the medicines of physicians, 
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and shaped by Maimonides (a famous Egyptian 
physician of the twelfth century) who wrote: 
“Most physicians are greatly in error in that they 
think that medication strengthens the health: it 
weakens and perverts it”. Such a critical approach 
was adopted by Sir William Osler, the leading 
figure of modern medicine, who lived in 
Baltimore and practiced in John Hopkins 
University, and recognized only a dozen of drugs 
for being of therapeutic benefit, being a major 
advocate against the wide use of medications for 
patient management. The therapeutic nihilism 
expressed by Osler at the beginning of the twen-
tieth century (partly justified by the limited 
knowledge about drugs at that time) was charac-
terized by his reserve and aversion to prescription 
of drugs, and greatly influenced therapeutic strat-
egies until the ‘70s.

In 1953, a questionnaire was sent to 15 top 
experts in antihypertensive drugs worldwide, 
including Edward Freis. Among those 15 experts, 
14 answered that antihypertensive therapy should 
not be used in benign essential hypertension, 
termed as ‘mild hypertension’, ‘labile hyperten-
sion’, symptomless hypertension’ benign with no 
vascular sequelae’, and ‘diastolic blood pressure 
less than 120 mmHg’ [to 39]. Prof. Edward Freis 
also added that “the satisfactory agent has not 
been found and the drugs now available are stop- 
gaps”. It has to be kept in mind however, that at 
that time the only available antihypertensive 
agents included hexamethonium, ergot and vera-
trum viride derivatives, and hydrazinophthala-
zine. Prof. Arthur Fishberg, Director of Medicine 
at Beth Israel Hospital stated characteristically: 
“… (Hexamethonium) may do some terrible 
things to the patient. He may be much worse in 
spite of reduction in blood pressure. You cannot 
be too careful with the drug, I myself have had 
one fatality in a patient treated with hexametho-
nium who really had had only very minimal 
symptoms of coronary insufficiency” [9].

George Perrera evaluated the role of antihy-
pertensive drugs on mortality in patients with 
essential hypertension (excluding patients with 
accelerated hypertension and overt cardiovascu-
lar disease) [35]. The study included 29 middle- 
aged patients for a 7-year follow-up period, while 

an equally numbered group matched for age, sex, 
race, baseline blood pressure, clinical and labora-
tory parameters, was formed retrospectively as 
control group. The blood pressure of treated 
patients was maintained below 160/104 mmHg, 
while the blood pressure of control patients 
remained over 200/120  mmHg. In total, death 
occurred in 16/29 patients on antihypertensive 
therapy and in 16/29 control patients, for an aver-
age survival period of 42 and 45 months, respec-
tively. It was thus suggested by Perrera in 1960: 
“… the burden of proof, that drugs which lower 
the arterial pressure will prolong the lives of 
patients with primary hypertension who do not 
have the accelerated form of disease, must rest 
with those who make such claims” [35].

 The Influence of the VA Studies

The findings of the VA studies have not been 
adopted and implemented in everyday life prac-
tice right away. It took many years and intense 
efforts by many physicians to overcome the ther-
apeutic nihilism and the concerns about treating 
patients with mild and moderate hypertension.

The findings of a large epidemiological study 
among industrial employees in metropolitan 
Chicago uncover the remaining skepticism of 
practicing physicians to treat mild hypertension 
despite the impressive findings of the VA studies. 
Among almost 23,000 employees in Chicago, 
75.3% had undetected or untreated hypertension 
[36]. Of great interest, this study assessed 
whether the publication of the VA studies in 1967 
and 1970 had a measurable impact on commu-
nity practice and patterns of care for patients with 
arterial hypertension. Surprisingly, the propor-
tion of patients receiving antihypertensive ther-
apy among the whole study population and 
among those with identified hypertension was 
consistently lower in 1971 than in 1967 for all 
age, sex, and race subgroups [36]. These findings 
highlight the time delay in the adoption of the VA 
findings in real life practice.

This is also better reflected in the findings of 
the Hypertension Detection and Follow-up 
Program (HDFP) trial. HDFP was a large, 
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community- based, randomized, controlled trial 
sponsored by the National Heart, Lung, and 
Blood Institute with more than $60 million, a 
huge amount of money in the ‘70s. The study 
included almost 11,000 patients with essential 
hypertension, mostly (71%) in its mild form (dia-
stolic blood pressure: 90–104  mmHg). Patients 
were assigned either to intensive therapy or usual 
therapy in the community [37]. The study 
revealed a 17% survival benefit in the intensively 
treated group. In contrast however to the findings 
of the VA studies, the survival benefits were 
greater in patients with mild hypertension than in 
patients with more severe hypertension. This can 
be attributed to the fact that the community phy-
sicians were less likely to treat mild hypertension 
and thus the differences between intensive and 
usual treatment were maximized, while commu-
nity physicians were more likely to treat severe 
hypertension and thus the differences between 
intensive and usual care were minimized.

Despite the aforementioned time delay in the 
adoption and implementation of the VA findings 
in real life practice, the intense efforts of Edward 
Freis and other advocates of drug therapy have 
finally prevailed. First, the findings of the HDFP 
trial strengthened the belief that antihyperten-
sive therapy is beneficial even in patients with 
slightly elevated blood pressure. The VA and 
HDFP findings led the NHLBI to advise physi-
cians accustomed to treating mild hypertension 
with benign neglect to reconsider their practice 
and prescribe antihypertensive drugs. Many 
studies thereafter verified the findings of the VA 
Co-operative studies leading to the generaliza-
tion of treating all stages of hypertension nowa-
days [38–45].

 The Legacy of Edward Freis

Edward Freis is considered among the most 
prominent scientists in the field of arterial hyper-
tension and cardiovascular disease [46]. His 
major contribution was the conduction of the VA 
Co-operative studies that were the first random-
ized, controlled studies in the cardiovascular field 
and demonstrated for the first time the substantial 

benefits of antihypertensive therapy in all stages 
of essential hypertension [4, 5, 47]. Although the 
findings of the first VA Co-operative study in 
patients with severe hypertension were well 
accepted by the scientific community, this was 
not the case with the second VA Co-operative 
study in patients with less severe hypertension. 
Freis tried very hard to advertise the findings of 
the VA mild-to-moderate hypertension study in 
order to maximize attention and change the 
behavior of practicing physicians. However, this 
was really tough. A relevant press release 
attracted very little attention by the media, an 
Associated Press dispatch was buried in the 
inside papers of only a few newspapers, and the 
most powerful weapon  – television  – actually 
ignored the study apart from a brief comment by 
Walter Cronkite [48]. Only the Lasker Award rec-
ognition in 1971 boosted some publicity, which 
however might have subsided as well if one 
defining event has not had happened: Mrs. Lasker 
approached Elliot Richardson - whose father had 
hypertension and died from stroke – with reprints 
of the VA studies and convinced him as Head of 
the High Blood Pressure Education Program to 
design and run a media campaign about hyper-
tension that aimed primarily at the public. The 
idea was also embraced by Theodore Cooper, 
who was the Director of the National Heart, Lung 
and Blood Institute, and was carried out with 
great success, attracting wide attention in the 
treatment of mild hypertension by both patients 
and physicians.

Another major contribution of Edward Freis 
was his research on the hemodynamic effects of 
the first antihypertensive drugs that became avail-
able in the fifties [49–54]. Of major clinical 
importance was his work on thiazide diuretics, a 
class of drugs that revolutionized antihyperten-
sive therapy. Fries was among the very first to 
study their efficacy and believe that diuretics is 
the cornerstone of antihypertensive therapy [55–
57]. Edward Freis remained a strong advocate of 
thiazide diuretics for the rest of his life and 
defended their use with solid arguments during 
the times of severe accusations about toxicity and 
reduced efficacy compared to newer antihyper-
tensive drugs.
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Edward Fries was also convinced that antihy-
pertensive therapy was more effective when 
being aggressive. In the light of the recently pub-
lished SPRINT trial [58–62], it seems worth 
mentioning to say what Edward Freis was doing 
for his personal health: he himself was suffering 
from hypertension and was taking antihyperten-
sive drugs with aggressive blood pressure goals. 
It is characteristic that at the age of 91 he main-
tained his blood pressure as low as 110–125/60–
70  mmHg without experiencing any feeling of 
weakness or any episodes of fainting [6].

 Edward Freis: Prior Work

Edward Freis joined Robert Wilkins (chief of 
Cardiology at Boston University) as a research 
fellow at the end of World War II in 1945. His 
first assignment was to evaluate the hemody-
namic effects of novel antihypertensive drugs, 
and the first such agent to study was pentaquine. 
Pentaquine was a drug for malaria that resulted in 
orthostatic hypotension and was tested in patients 
with malignant hypertension. It was found that 
pentaquine use was associated with blood pres-
sure reduction and some reversal of malignant 
hypertension in some patients [63], but the drug 
was later withdrawn due to a lot of adverse 
effects.

The period between 1945 and 1955 was full of 
new developments in the field of antihypertensive 
therapy. A variety of new agents was developed 
and needed to be tested for efficacy and safety in 
patients with essential hypertension. Freis and 
Wilkins were among the first to study several new 
drugs: rauwolfia serpentina, veratrum alkaloid, 
ganglionic blockers, and hydralazine [64, 65]. 
Very soon they were convinced that, despite the 
variety of adverse effects, the blood pressure can 
be effectively lowered in the majority of patients 
with the new drugs, especially when drugs with 
different mechanisms of action were combined.

Freis moved to Georgetown University, 
Washington, DC and started working at the 
Veterans Administration Medical Center at the 
US Capital city. He continued to assess the hemo-
dynamic effects of the new antihypertensive 

agents and was excited by the discovery of a new 
class, thiazide diuretics. Freis, a lover of sport 
cars and fast driving, entered the rally of testing 
diuretics in patients with essential hypertension 
along with many other famous researchers, 
including his prior mentor Robert Wilkins. The 
competition was so hard that both Freis and 
Wilkins published in 1957 the effects of chloro-
thiazide in hypertensive patients almost at the 
same time in local journal (for rapid publication): 
Freis at the Medical Annals of the District of 
Columbia and Wilkins at the Boston Medical 
Quarterly [66, 67]. However, Freis was the first to 
present the blood pressure lowering capacity of 
thiazides, either alone or in combination with 
other antihypertensive agents, at the American 
Heart Association Annual Meeting in fall 1957. 
Wilkins was immediately recognized with the 
much esteemed Lasker Award in 1958, while 
Freis received the Lasker Award in 1971 after the 
publication of the two seminal VA studies.

 Multi-centric Studies

Until the conduction of the landmark VA trials, 
both observational and clinical studies originated 
from only one clinic and reflected the opinions 
and habits of the Head of the Department. 
Therefore, available information about the natu-
ral history of hypertension and its complications, 
and the effects of intervention was scarce, frag-
mented, and many times controversial due to the 
small number of participants in each study and 
the infinite variety of approaches. Edward Freis 
decided to conduct a multicenter study to over-
come these obstacles, inspired by the multi-clinic 
studies of anti-tuberculosis therapy. He quickly 
realized that a multicenter clinical trial was fea-
sible in the extended and friendly VA environ-
ment. He then took advantage of his reputation as 
a pioneer in the field of hypertension to form a 
team of physicians in many VA centers across the 
East Coast that could conduct a multicenter, 
long-term, controlled clinical trial. He respected 
the physicians conducting the antihypertensive 
VA studies so much that he did not present the 
data in any Congress before the publication of the 
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VA studies in order not to be solely recognized 
and take the credit for himself alone.

The organization of a multicenter trial was 
not an easy task and it took more than 5 years to 
organize it. He first contacted other teams at a 
meeting of the Chiefs of the VA Medical Services 
in 1956 with two ideas: to assess the relative effi-
cacy of antihypertensive drugs and to evaluate 
the long-term effects of antihypertensive therapy 
on cardiovascular morbidity and mortality. There 
were too many obstacles to overcome: an 
unfriendly environment, ethical and financial 
issues. The strong objections about the efficacy 
and safety of antihypertensive therapy expressed 
primarily by Goldring and Chasis have domi-
nated the field and greatly influenced practicing 
physicians at that time. Moreover, ethical con-
siderations about the use of a placebo arm in an 
antihypertensive drug trial were expressed pri-
marily by Horace Smirk who was a strong advo-
cate of drug therapy. Finally, financial resources 
were significantly limited. The finalization of the 
study protocol was done in 1962 during a meet-
ing of the American Federation of Clinical 
Research. However, since the resources were not 
enough to rent a room, the meeting was held at 
the lobby of the Seaview Hotel in Atlantic City. 
At last, 27 physicians agreed to join Edward 
Freis for the conduction of the VA studies, 
including Edward Frohlich who then became 
himself an emblematic figure in hypertension 
research.

 Exclusion of White-Coat 
Hypertension

To unveil the real effects of antihypertensive ther-
apy, study participants had to have ‘real’ hyper-
tension and not white coat hypertension. In order 
to exclude or at least minimize the white coat 
effect, a rigorous screening and pre- randomization 
protocol has been implemented for the first time. 
Patients with essential hypertension that seemed 
to be eligible for the study were initially hospital-
ized for 1  week. Male patients with diastolic 
blood pressure between 90 and 129 mmHg from 
the fourth till the sixth day of hospitalization 

without antihypertensive therapy and fulfilling 
inclusion/exclusion criteria were considered 
potentially eligible for the study and entered a 
pre-randomization trial period. This period lasted 
2–4 months with several blood pressure record-
ings at the outpatient clinic. Patients were 
excluded from study participation if the average 
diastolic blood pressure during this period was 
below 90 mmHg.

This extended, multi-month, double-phase 
screening and pre-randomization period, both in 
the hospital and at the outpatient clinic, is greatly 
different than the one who is almost always used 
in current clinical trials. The VA-method not only 
included patients with ‘real’ hypertension avoid-
ing the inclusion of patients with white coat 
hypertension with the best possible way at that 
time (ambulatory blood pressure measurement 
was not available), but also ‘educated’ patients 
for the participation in a clinical trial. It is thus 
not surprising that placebo was not associated 
with significant blood pressure reduction during 
the whole course of the VA Co-operative studies. 
This has to be compared with recent trials, where 
placebo results in substantial blood pressure 
reduction and might mask the real effects of 
intervention, as recently observed in the 
Symplicity-3 trial [31–33].

 Adherence to Therapy

Compliance was checked by pill counts, as per-
formed in clinical trials nowadays. However, in 
order to ensure the best possible compliance, 
another brilliant method was used. Riboflavin 
was incorporated in placebo tablets; riboflavin is 
a substance that results in yellow urine fluores-
cence when ultraviolet lighting is used.

A urine specimen was obtained and tested for 
yellow fluorescence at each visit during the 
2–4  months pre-randomization period. In addi-
tion, patients returned all medication bottles and 
pills were counted at each visit. Patients were 
considered as adherent to therapy if they have 
received >90% of the estimated pills. Two conse-
quent successive visits without any violation 
(unjustified loss of a visit, >90% of dispensed 
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drugs, yellow fluorescence of urine specimen) 
were required for study participation.

Another method to limit poor adherence was 
the exclusion of patients with dubious reliability 
or seemingly poor motivation. Therefore, patients 
with alcohol abuse and vagrants were not 
included in the study.

The aforementioned adherence criteria were 
very strict. Consequently, almost half of eligible 
patients did not qualify for the study because they 
failed to pass the adherence tests.

 Biostatistics

Statistics were not much appreciated and thus 
applied in medical research at that time. Edward 
Fries first heard about the utility of statistics from 
Dr. Martini (a European expert in Clinical trials) 
during a trip in Europe for the attention of the 
European Meeting of Cardiology in Bonn. He 
then realized the importance of biostatics by 
reading the work of Fisher and Hill. The VA 
Central Office had a Department of Biostatistics, 
which consisted by only one statistician: Jack 
Williams. The biostatistics department was not 
only poorly powered but also poorly used. When 
Freis contacted Williams he realized that he was 
the only one interested to use biostatistics in a 
clinical trial and thus took his full attention. The 
unfortunate death of Williams led to his replace-
ment by Lawrence Shaw, a very experienced bio-
statistician who was supported by R. Tewksbury. 
When Shaw joined the team of antihypertensive 
drug trials he was actively involved not only in 
the analysis of data but also in the design of the 
studies. Shaw immediately realized that too many 
questions were trying to be answered in only one 
study: the effects of antihypertensive therapy on 
mortality and morbidity and the comparative effi-
cacy and safety of each one of antihypertensive 
drugs available at that time along with their long- 
term effects on morbidity and mortality. It was 
thanks to his critical approach and his objections 
about the feasibility and the validity of such a 
study that the objectives were separated. 
Therefore, the landmark VA studies evaluated 
only one question: whether antihypertensive 

therapy is associated with a reduction in cardio-
vascular events, while the other objectives were 
addressed in different trials [51, 52]. It was the 
first time in cardiovascular medicine that a bio-
statistician was not used an aid for data analysis 
but was actively involved in the design of the 
study, paving the way for the modern use of bio-
statistics in clinical trials.

 Premature Termination

The VA-severe hypertension study (baseline dia-
stolic blood pressure: 115–129 mmHg) was the 
first clinical trial that was prematurely termi-
nated. The study was initiated in April 1964 and 
rumors about excessive mortality were first 
heard at the end of the first year; however, study 
investigators did not meet immediately based 
solely on rumors. By the time that study investi-
gators were gathered for an emergency safety 
meeting, it was realized that 29 morbid events 
have occurred, and the difference in events 
between the two groups was huge: 27 events in 
the placebo group with 4 of them being fatal 
compared with only 2 events in the control 
group. The study was prematurely terminated 
unanimously and the study investigators 
expressed their regret for not recognizing the 
difference between the two groups earlier and 
subsequently terminate the study earlier. In their 
own words: “the events occurred so rapidly they 
caught us by surprise”. Such a difference was 
not observed in the VA mild-to-moderate hyper-
tension study and thus it was continued for 2 
more years.

 Summary and Conclusions

The landmark VA Co-operative studies establish 
in an undisputable way that treatment of treat-
ment of mild to moderate or severe hypertension 
reduces cardiovascular events and cardiovascular 
mortality. Furthermore treatment of hypertension 
prevents the development of accelerated hyper-
tension and progression to malignant hyperten-
sion, a form of hypertension with high mortality. 
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The VA studies address diastolic blood pressure 
as the target of therapy, simply because at the 
time it was not recognized that systolic was as or 
more important than diastolic blood pressure. 
When asked Dr. Fries why he chose diastolic 
blood pressure as the target he declared that it 
was easier to measure and more stable. Of note 
his VA study on mild to moderate hypertension 
demonstrated benefit by reducing diastolic blood 
pressure to around 100  mmHg. Since the early 
70s when the paper was published [5], it took 
many subsequent studies that included 100 s of 
thousands of patients to prove the point that 
reducing diastolic to from 100  mmHg to 
<90 mmHg is beneficial.

Yet the results that Edward D Freis produced 
from these two landmark studies still hold water. 
The % reduction of cardiovascular events 
remained unchanged through the years: about 
42% reduction in stroke and 16% reduction in 
MIs for every 5–6  mmHg diastolic blood pres-
sure reduction. His work ignited cardiovascular 
research in a major way and made cardiology the 
leading specialty for medical research.

Furthermore, ED Freis contributed to the 
widespread efforts to treat hypertension by estab-
lishing the “Hypertension Diagnosis and 
Treatment Clinics” that help improve the control 
rates of hypertension up to 80% in our days.

All in all, Ed Freis deserves a lot of the credit 
not only from proving to the word that treating 
hypertension is beneficial, but also for his contri-
bution for improvement of awareness and control 
of hypertension through the years.

In remembrance of his dedication and contri-
bution we dedicate this chapter to Edward 
D. Freis, the man, the teacher, the healer, the sci-
entist, the researcher.
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The Role of Dietary Modifications 
in Controlling Blood Pressure
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 Introduction

Body weight increase is closely related to blood 
pressure (BP) levels augmentation in almost a lin-
ear fashion [1], augmenting overall cardiovascu-
lar risk [2]. More specifically in the Framingham 
Heart Study, data regarding 45.000 subjects dur-
ing a follow-up of 44  years showed that over-
weight and obese men had a 48% and 123% 
higher risk of developing hypertension compared 
to normal weight individuals. In the same manner, 
overweight and obese women compered to nor-
mal weight ones had a 70% and 175% higher risk 
for developing hypertension [3].

The important INTERSALT study performed 
in 10.074 adults 20–59 years old in 32 countries 
worldwide showed that an intake of more than 
2.3 gr/day is linked with increased BP by 
6  mmHg and diastolic by 2.5  mmHg [4]. In 
another cross-sectional work including more than 
100,000 subjects from 18 countries it was found 
that for an increase of consumption of salt by 1 
gr/day the systolic BP augments by 2.6  mmHg 
and diastolic BP by 1.8  mmHg [5]. Thus, the 
higher the intake of salt the higher by 25% the 
probability of being hypertensive as shown in a 
prospective study of 4500 normotensives [6, 7].

There is an inverse correlation between con-
sumption of potassium and hypertension [6, 7]. In 
the NHANES study 1gr/day higher potassium 
was associated with lower systolic BP by 
1.2  mmHg [8], while in another population the 
higher quartile of sodium/potassium ratio (7.9–
9.7) had more increased systolic and diastolic BP 
by 8 mmHg and 7 mmHg, respectively compared 
to those in the lower quartile of sodium/potassium 
ratio (2.1–2.3) [9]. In this sense low consumption 
of potassium leads to hypertension [7] and more 
specifically this risk augments by 20% in the sub-
jects with less than 2600 mg urine excretion for 
males and less than 2200 mg for females [10].

Although moderate alcohol intake compared 
to full abstinence is associated with higher HDL 
cholesterol levels and decreased risk for cardio-
vascular events, the correlation with BP is posi-
tive leading to higher hemodynamic load [11]. 
For each 10 gr of alcohol BP rises for approxi-
mately 11 mmHg and the latter is reversed after 
2–4 weeks when no or minimal consumption is 
present [12]. In a randomized clinical study of 44 
treated hypertensive men moderate compared to 
low alcohol consumption was linked to higher 
BP by 5 mmHg for systolic and 3 mmHg for the 
diastolic component [13]. Additionally a 45% 
increased risk for the development of hyperten-
sion is observed in normotensives who consumed 
more than 1 drink for more than 5 days per week 
compared to no alcohol [14].
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 Dietary Interventions for BP 
Lowering

Lifestyle changes are the pillars for both preven-
tion and management of hypertension [15, 16]. In 
the PREMIER study, that was a randomized clin-
ical study in 810 subjects >25 years old with sys-
tolic BP ranging 120–159  mmHg and diastolic 
BP 80–95 mmHg, on no antihypertensive medi-
cation, it was shown that after 6  months the 
behavioral intervention alone or with the adop-
tion of the DASH diet lowered systolic BP by 
3.7  mmHg and 4.3  mmHg, while diastolic BP 
was decreased by 1.7  mmHg and 2.6  mmHg 
respectively. The 18  months results concluded 
that the combination of the DASH diet with 
behavioral alterations compared to the latter 
alone are linked to 23% less possibilities for 
hypertension [17].

The current guidelines suggest for subjects 
with high normal BP to prevent the development 
of hypertension and for the hypertensive individ-
uals with ow cardiovascular risk and no target 
organ damage to base their management on life-
style/dietary interventions, whereas in those who 
drug therapy is initiated it should be always 
accompanied by non-pharmacological manage-
ment [18]. In the innovative American guidelines 
for hypertension, subjects of low cardiovascular 
risk with hypertension grade1 should follow a 
healthy lifestyle without any medication taken 
[19]. The proposed in the guidelines dietary 
interventions are weight loss, decrease in sodium 
intake, increase in potassium consumption, 
reduction of alcohol and the adoption of a 
healthy  dietary pattern like the DASH or the 
Mediterranean diet [18, 19].

 Weight Loss and BP Control

Losing excess weight is directly related to BP 
levels reduction 38, 39, 40. In a meta-analysis of 
25 randomized trials a weight loss of 5.1 kgr 
reduces systolic and diastolic BP by 4.4 mmHg 
and 3.6  mmHg respectively. The higher the 
decrease in weight the higher is the reduction of 
BP with 1  mmHg corresponding to the loss of 

approximately 1 kgr [20]. TOHP study was one 
of the largest randomized studies for the investi-
gation of the effects of weight reduction on BP 
levels. In the weight reduction group with intense 
education the lost weight after 6 months was 4.4 
kgr, in 18 months 2 kgr and after 3 years only 0.2 
kgr, underscoring the difficulty in maintaining 
the positive results.

[21]. Compared to the control group in the 
abovementioned timepoints of the study systolic/
diastolic BP was lowered by 3.7/2.7  mmHg, 
1.8/1.3  mmHg and 1.3/0.9  mmHg [22]. After 
7 years there was no difference in body weight 
but the risk of developing hypertension was 77% 
less in the intervention group [23].

The short-term effects of weight reduction on 
BP are rather beneficial, however there is a prob-
lem with the long-term results since 50% of sub-
jects gain their initial weight before any 
intervention after a mean period of 3 years and 
this causes an increase in BP 45–47. In patients 
with morbid obesity drugs and bariatric surgery 
are therapeutic solutions although the impact on 
BP remain controversial [24, 25].

 Sodium and BP Control

The reduction of salt to 2.300 mg per day is one 
of the most important dietary interventions for 
maintaining normal BP [18, 26, 27]. There are 
many randomized well-designed studies show-
ing the beneficial effects of reducing dietary 
salt [7, 28–38]. In a recent meta-analysis reduc-
tion of salt intake from 4.500 mg to 1.500 mg 
per day decreases systolic BP by 1 mmHg, with 
no effects on diastolic BP in normotensives, 
whereas in hypertensive individuals the same 
salt restriction results in lower systolic/diastolic 
BP by 5.5/2.9 mmHg [39]. In these lines data 
from the ΤΟHP study reveal that restriction of 
sodium was lower than 1.150  mg per day for 
the 6 months of follow-up and 920 mg per day 
for 3  years compared to controls leading to 
lower BP [22]. In treated hypertensives the 
TONE study investigated the effects of weight 
reduction and sodium restriction <1.8 gr/day on 
BP levels. The combination of salt and weight 
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decrease was accompanied by attenuated sys-
tolic BP of 5.3  mmHg and diastolic of 
3.4 mmHg compared to controls [40]. Regarding 
cross-sectional studies excretion of sodium in 
the urine is closely associated with both the BP 
levels as well as the hypertension risk [41]. The 
INTERMAP study showed that in 4.680 adults 
40–59  years showed that in China and Japan 
the  sodium/potassium ratio was higher (6.0–
6.8) in China and compared to Great Britain 
and America (2.2–3.1) and BP levels were 
higher in the Eastern compared to Western 
countries [42].

One of the most important trials on the way 
salt affects BP is the double-blind randomized 
trial of modest salt restriction in older people by 
Cappucio F et al., published more than 2 decades 
ago [43]. This crossover trial was conducted to 
examine the effect on BP of a modest reduction 
in salt intake from 10 g to 5 g per day in both 
hypertensive and normotensive individuals. The 
study was conducted in 47 older adults, aged 
60 years or more, with systolic BP <210 mmHg 
and diastolic BP <115 mmHg on no drugs. For 
2  weeks participants were told to reduce their 
salt intake to about 5  g (80 mmoles sodium) 
daily. Participants achieved this reduction by not 
adding salt at the table or in cooking, and by 
avoiding foods that contain large amounts of 
salt. After the 2 weeks of reduced sodium intake, 
participants were allocated in random order to 
take 12 Slow Sodium tablets daily (10 mmoles 
sodium per tablet) or 12 Slow Sodium matching 
placebo tablets daily. After 1  month, measure-
ments were repeated, and participants crossed 
over to the opposite treatment for a further 
month. It should be noted that energy restriction 
was not suggested and an average reduction in 
sodium intake of 80 mmol/day (about 5 g salt) 
was associated with a reduction in both systolic 
BP and diastolic BP of 7.2 mmHg and 3.2 mmHg, 
respectively. There was no significant difference 
in the BP fall between 18 normotensives and 29 
hypertensive participants (8.2/3.97  mmHg vs 
6.6/2.7 mmHg) [43].

Based on the abovementioned results one 
could suggest that the fall of BP in this study is 
similar to that in the controlled-outcome trials of 

drug therapy in older hypertensive people for 
example with the use of thiazide diuretics. 
Additionally, a modest reduction in sodium 
intake is feasible and can be achieved over a long 
period, provided salt is not added to food or in 
cooking, and highly salted processed foods are 
avoided.

Two of the most recent meta-analyses of ran-
domized, controlled clinical trials that have 
been performed in adults investigating the mag-
nitude of the effect of salt reduction on BP 
found that the salt restriction has significant 
beneficial effects. Specifically, Graudal et  al. 
found that a mean reduction of salt intake from 
11.5  g to 3.8  g per day reduces significantly 
systolic BP by 5.5 mmHg and diastolic BP by 
2.9 mmHg in people with hypertension, while 
in people without hypertension has very little or 
no effect [39]. He FJ et  al. found that a mean 
reduction of salt intake of 4.4 g per day in peo-
ple with hypertension reduces significantly sys-
tolic BP by 5.4  mmHg and diastolic BP by 
2.8  mmHg. In normotensive individuals the 
same reduction of salt intake reduces signifi-
cantly systolic BP by 2.4 mmHg and diastolic 
BP by 1.0 mmHg [26].

 Potassium and BP Control

The augmented intake of potassium up to 3.500–
5.000 mg per day through diet and not by supple-
ments remains a recommendation for better BP 
levels, unless the subject has chronic kidney dis-
ease or taking drugs that reduce the excretion of 
sodium [2] [44]. Up to now there are several ran-
domized studies on the above [45]. A meta- 
analysis showed that an intake of 3.500–4.700 mg 
potassium per day reduces systolic BP by 
7.1  mmHg and diastolic BP by 4,0  mmHg, 
whereas there is no effect in normotensives [46]. 
Consistently, cross-sectional data suggest that 
potassium excretion in the urine is related to the 
BP levels and the risk of developing hypertension 
in the future [47]. The INTERSALT study 
showed that intake of more thatn 600  mg of 
potassium per day is linked to lower BP by 
1 mmHg [48].

5 The Role of Dietary Modifications in Controlling Blood Pressure
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 Dietary Patterns and BP Control

The real impact of diet on BP is not only due to 
the ingredients but also due to the patterns of diet 
that one follows. The diet patterns are mostly 
important clinically since they reflect better the 
dietary habits of each individuals and the interac-
tions between foods consumed and other lifestyle 
parameters [49]. In this sense the effect of the 
totality of nutrients intake on the overall cardio-
vascular health as well as BP can be investigated 
through the study of the dietary patterns [50].

 DASH Diet and BP

The DASH diet is associated with BP reduction 
74 and is characterized by high consumption of 
fruits, vegetables and milk products with low fat 
content accompanied by low consumption of red 
meat. It is a diet rich in potassium, calcium, mag-
nesium, proteins and fibers with low fat and cho-
lesterol [51].

There are numerous randomized trials on the 
BP lowering impact of DASH diet in hyperten-
sion [51–71]. The historic study by Appel LJ 
et al., was a randomized, controlled-feeding clin-
ical trial was conducted in order to test the effects 
on BP of three different diets: the control diet, the 
fruits-and-vegetables diet and the “combination” 
diet, which was rich in fruits, vegetables, and 
low-fat dairy products, now named the “DASH” 
diet [51]. The study was conducted in 459 adults 
with SBP <160 mmHg and DBP 80–95 mmHg. 
The assigned diets were prepared and given to the 
participants for 8 weeks. Sodium intake was kept 
constant at 3000 mg per day and it was the same 
among all three diets and body weight was main-
tained at constant levels. Among all subjects, the 
DASH diet reduced significantly systolic BP and 
diastolic BP by 5.5 and 3.0 mmHg, respectively, 
compared to the control diet and by 2.7 and 
1.9 mmHg, respectively, compared to the fruits- 
and- vegetables diet. The results were more pro-
found among the subjects with hypertension 
compared to the subjects without hypertension 
[51]. Specifically, among the 133 subjects with 
hypertension the DASH diet reduced signifi-

cantly systolic BP and diastolic BP by 
11.47 mmHg and 5.5 mmHg, respectively, more 
compared to the control diet and by 4.17 mmHg 
and 2.6 mmHg, respectively, more compared to 
the fruits-and-vegetables diet. Furthermore, 
among the 326 subjects without hypertension the 
DASH diet reduced significantly systolic BP and 
DBP by 3.57 mmHg and 2.1 mmHg, respectively, 
more compared to the control diet and by 
2.77  mmHg and 1.8  mmHg, respectively, more 
compared to the fruits-and-vegetables diet. Given 
the findings of this pioneer studies one could 
comment that the gradient of BP reduction across 
diets indicates that some aspects of the fruits- 
and- vegetables diet reduced BP and that addi-
tional aspects of the combination (DASH) diet 
reduced it further. Known diet-related determi-
nants of BP (sodium intake, body weight, and 
alcohol) could not be responsible for the reduc-
tions in BP, because changes in these potential 
confounders were small and similar for all the 
diets. Finally, regarding the composition of the 
diets compared the control and the fruits-and- 
vegetables diets contained more oils, table fats, 
salad dressings, and red meats and were higher in 
saturated fat, total fat, and cholesterol than was 
the DASH diet. The fruits-and-vegetables and the 
DASH diets contained relatively more servings 
of fruits, juices, vegetables, and nuts/seeds, and 
were higher in magnesium, potassium, and fiber 
than was the control diet [51]. Both the fruits- 
and- vegetables and DASH diets were low in 
sweets and sugar-containing drinks. The DASH 
diet contained a greater variety of fruits, and its 
high calcium content was obtained by increasing 
low-fat dairy products. It is worthy to note that 
the effect of an individual nutrient on BP levels 
may be too small to be detected. However, when 
several nutrients with small BP lowering effects 
are consumed together, the cumulative effect 
may be sufficient for detection. Also, people do 
not eat isolated nutrients, but they consume meals 
consisting of a variety of foods with complex 
combinations of nutrients. Thus, the approach of 
assessing whole dietary patterns, instead of 
assessing single nutrients or food items is consid-
ered more accurate [51]. However, the DASH 
clinical trial was not designed to identify the 
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effective and ineffective components of this par-
ticular diet.

In a subgroup analysis of the DASH trial, the 
effect on the 24-h ambulatory hemodynamic 
load was tested and it was revealed that this 
dietary pattern reduces systolic/diastolic BP by 
4.5/2.7 mmHg more than the control group. In 
the hypertensive setting compared to the normo-
tensives the drop of BP was higher in the inter-
vention arm [52]. More specifically, 24-h 
systolic/diastolic BP was more attenuated by 
10.1/5/5  mmHg compared to the controls, 
whereas in normotensives DASH diet was 
accompanied by a lower 24-h systolic/diastolic 
BP by 2.3/1.6 mmHg [52].

The randomized cross-over DASH-Sodium 
study had the aim to investigate the impact of 
DAH on BP with the parallel restriction of 
sodium intake [53]. The study population were 
adults with baseline systolic BP 120–159 mmHg 
and diastolic BP 80–95 mmHg in whom the fol-
lowing interventions took place: control diet, 
DASH diet with three levels of sodium consump-
tion: low, medium and high [53]. All meals were 
cooked and served in the participant for a period 
of 30 days and the energy intake was calculated 
foe each person in order to maintain stable 
weight. The results showed that the DASH diet 
with low sodium reduced BP by 3/1.6  mmHg 
compared to the DASH diet of high sodium. 
Additionally, the low sodium DASH diet was 
characterized by lower systolic/diastolic BP by 
8.9/4.5 mmHg compared to the high sodium con-
trol diet [53].

When weight reduction is achieved while on 
DASH diet the BP lowering is enhanced [72, 
73]. The ENCORE study was a randomized 
control trial in individuals with systolic BP of 
130–159  mmHg and diastolic BP of 
85–99 mmHg in whom the effect of DASH diet 
with or without weight loss on BP was investi-
gated during a follow- up of 4  months. There 
were no directions regarding salt consumption 
and frequent dietary education and counseling 
took place. The DASH diet was related with 
lower BP by 7.7/3.6  mmHg compared to the 
control group, while when DASH was com-
bined with weight loss the BP drop was more 

pronounced by 12.5/5.9  mmHg compared to 
controls at the end of the follow-up [62].

The cross-sectional data suggest that adoption 
of the DASH diet is linked with lower risk of 
hypertension and BP levels [74]. The difference 
in office BP between the higher and the lower 
quartile of compliance to the DASH pattern is 7.5 
and 5.1 mmHg for men and women respectively, 
while the 24-h ambulatory data show a difference 
of 6.3 and 5.4 mmHg for men and women respec-
tively [75].

In accordance to the previous, prospective 
works found that DASH diet is related with lower 
risk of future development of hypertension [76]. 
More specifically, in 2.751 normotensive sub-
jects the upper quartile of compliance to the diet 
was associated with 15$ attenuated risk com-
pared to the lower compliance quartile after a 
follow-up of 11 years [77].

In a recent meta-analysis of randomized trials 
for the BP effect of DASH diet it was shown that 
it leads to a lowering of systolic/diastolic BP of 
4.9/2.6 mmHg [71]. Two other meta-analyses by 
Saneei et  al. and Siervo et  al. found that the 
DASH diet reduces significantly SBP by 
6.7/5.2  mmHg and DBP by 3.5/2.6  mmHg, 
respectively [78, 79].

 Mediterranean Diet and BP

The Mediterranean diet is based on the high con-
sumption of lipids derived from extra virgin (cold 
pressed) olive oil, vegetables including leafy 
green vegetables, fruits, cereals, nuts and pulses/
legumes, moderate intakes of fish and other meat, 
dairy products and red wine, and low intakes of 
eggs and sweets [80, 81]. It is associated with 
lower BP and this is supported by randomized tri-
als [82–93].

Focusing on the PREDIMED study that is 
the largest in this setting, it was conducted in 
772 adults with high cardiovascular risk and 
comparisons were made between the 
Mediterranean diet with olive oil versus the 
same diet with nuts without any energy restric-
tion for 3  months [86]. There were no advise 
given for salt restriction or physical activity. 
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The results showed that the diet with nuts 
reduced systolic BP more by 7.1/2.6  mmHg 
compared to the low-fat group with no change 
in body weight in both arms [86].

In a subgroup analysis of 235 subjects of the 
PREDIMED study there was ambulatory 24-h 
BP monitoring after the intervention. In accor-
dance to the office BP changes the 24-h systolic/
diastolic BP was reduced more in the arm with 
the nuts intake [92]. In the same study there was 
no difference in the systolic BP after 4 years but 
the diastolic BP was lower in the nuts arm [94]. 
Importantly, subjects in the Mediterranean diet 
had less risk of developing hypertension com-
pared to the control group after a 4 years follow-
 up [95].

A more recent randomized, parallel-group, 
controlled clinical trial was conducted in order 
to assess the effects on cardiovascular outcomes 
of two Mediterranean diets (MeDiets), one sup-
plemented with extra-virgin olive oil and the 
other supplemented with mixed nuts, compared 
to a low-fat diet (control diet) [96]. The study 
was conducted in 7447 adults with type 2 diabe-
tes or ≥3 cardiovascular risk factors. The partici-
pants of the two MeDiets groups, depending on 
the group assignment, were given for free either 
extra-virgin olive oil (1 L per week) or sachets of 
nuts (30 g per day: 15 g walnuts, 7.5 g hazelnuts 
and 7.5 g almonds) [96]. Participants in the two 
MeDiets groups received education to follow the 
MeDiet and consume the supplemental foods at 
the baseline and thereafter, once every 3 months 
in individual and group sessions, while those in 
the control group were given advice to reduce 
dietary fat. During the first 3 years of the trial 
they were given a leaflet explaining the low-fat 
diet on a yearly basis, but thereafter they were 
invited to individual and group sessions with the 
same frequency and intensity as those in the 
MeDiets groups [96]. Sodium intake was not 
restricted and energy restriction was not sug-
gested, nor increase of physical activity was pro-
moted. The primary end-point was a composite 
of myocardial infarction, stroke, and death from 
cardiovascular causes [96]. Additionally, sec-
ondary end-points were stroke, myocardial 
infarction, death from cardiovascular causes, 

and death from any cause. Participants were fol-
lowed for a median of 4.8  years (interquartile 
range, 2.8–5.8). The multivariable-adjusted haz-
ard ratios were 0.70 (0.54–0.92), p = 0.01 for the 
MeDiet supplemented with extra-virgin olive oil 
and 0.72 (0.54–0.96), p  =  0.03 for the MeDiet 
supplemented with nuts, as compared to the low-
fat diet with respect to the primary end-point 
[96]. Regarding components of the primary end-
point, only the comparisons of stroke risk 
reached statistical significance: 0.67 (0.46–0.98), 
p  =  0.04 for the MeDiet supplemented with 
extra-virgin olive oil and 0.54 (0.35–0.84), 
p  =  0.006 for the MeDiet supplemented with 
nuts, as compared to the low-fat diet. During the 
4-year follow-up participants allocated to the 
two MeDiets groups had significantly lower 
DBP than the participants in the low-fat diet 
group: −1.53  mmHg for the MeDiet supple-
mented with extra-virgin olive oil, and 
−0.65 mmHg for the MeDiet supplemented with 
nuts versus the low-fat diet. No between- group 
differences in changes of SBP were seen [96].

Based on these results among high-risk per-
sons who were initially free of cardiovascular 
disease, an energy-unrestricted MeDiet supple-
mented with extra-virgin olive oil or nuts reduced 
the incidence of major cardiovascular events, for 
a relative risk reduction of approximately 30%. 
The findings support the benefits of the MeDiet 
for cardiovascular risk reduction. Perhaps there is 
a synergy among the nutrient-rich foods included 
in the MeDiet that fosters favorable changes in 
intermediate pathways of cardiometabolic risk, 
such as blood lipids, insulin sensitivity, resistance 
to oxidation, inflammation, and vasoreactivity. It 
should be noted that although the control group’s 
diet was meant to be low fat, the participants did 
not achieve this, possibly due to the relatively 
low level of dietary education and personalized 
counseling at the start of the study. Their inability 
to reach the <30% fat target could also reflect the 
difficulty patients have, in general, in decreasing 
fat content in their diet, which may mean the diet 
they maintained was a more realistic comparison. 
Therefore, the major between-group difference 
involved the supplemental items and conse-
quently, the differences in outcomes observed 

K. Dimitriadis et al.



95

between the MeDiets groups and the low-fat diet 
group might be attributed to the supplemental 
foods provided. The interventions in all three 
groups were intended to improve the overall 
dietary pattern. The good quality of the diet in the 
control group may have impaired the ability to 
find large between-group differences in BP 
changes. Thus, if there was a “true” control group 
(for example, with a typical Western dietary pat-
tern, or with no intervention at all) the between- 
group differences both in stroke and BP would 
have been greater. Concerning BP, significant 
reductions were apparent in both SBP and DBP 
for all three groups during follow-up, but a 
greater reduction in DBP was found in the two 
MeDiets groups versus the low-fat diet group. 
This could partly explain the benefit of the 
MeDiets on clinical disease end-points, espe-
cially the reduction in incidence of stroke, a car-
diovascular event clearly related to high 
BP. However, other mechanisms apart from BP 
also need to be considered.

The PREDIMED clinical trial fits well into 
the paradigm of focusing on dietary patterns 
instead of isolated foods or nutrients. Overall 
patterns better represent dietary practices found 
in free- living populations and provide useful 
epidemiological information with a high poten-
tial for acceptability, palatability, and future 
compliance.

The Mediterranean diet is characterized by a 
high consumption of total fat, mainly from olive 
oil and nuts, whole-grain cereals, legumes, fruits, 
and vegetables. It also includes moderate to high 
intake of fish, moderate intake of dairy products, 
poultry, and wine, consumed with meals along 
with low intake of red/ processed meats, and 
sweets. Consequently, the Mediterranean diet is 
rich in anti-oxidant and anti-inflammatory nutri-
ents, fiber, ω-3 and mono-unsaturated fat and low 
in saturated fat and dietary cholesterol. Extra- 
virgin olive oil is an excellent source of mono- 
unsaturated fat. It also contains significant 
amounts of phenolic anti-oxidants and other phy-
tochemicals (tocopherols, polyphenols). Nuts are 
rich in mono-unsaturated fat (mostly oleic acid), 
whereas walnuts are high in poly-unsaturated 
fatty acids (linoleic and a-linolenic acids). Nuts 

are also good sources of arginine, potassium, 
vitamin E and other bioactive compounds. This 
may help explain their beneficial health effects. 
From a public health perspective, a behavioral 
intervention coupled with an easy (free) access to 
representative healthy foods is a realistic test of 
the effectiveness to be attained with official poli-
cies and health promotion activities. The 
PREDIMED trial attempts to obtain relevant 
information for public health use, because the 
nutritional intervention is undertaken in free- 
living persons who receive information, motiva-
tion, support, and empowerment to modify their 
food habits in a real-life context, i.e. they con-
tinue to buy their foods and cook their meals. 
Such an intervention provides a real-life scenario 
that may be easily applied to public health 
policies.

 Meta-analyses

Two meta-analyses of randomized, controlled 
clinical trials have been performed in adults 
investigating the magnitude of the effect of the 
MeDiet on blood pressure. Both found that the 
MeDiet has significant beneficial effects on SBP 
and DBP.  Specifically, Ndanuko et  al. and 
Nissensohn et al. found that the MeDiet reduces 
significantly SBP by 3.0/1.4 mmHg and DBP by 
1.9/0.7 mmHg, respectively [71, 79].

 Conclusions

Diet interventions are important in the overall 
reduction of cardiovascular risk and  particular in 
the development and clinical impact of the hyper-
tensive phenotype. The use of dietary consulta-
tion by means of promoting reduction of salt, 
maintenance of healthy weight and adoption of 
certain dietary patterns constitute the pillars of 
 lifestyle management in hypertension. The 
DASH and the Mediterranean diet have proved 
their favorable effect on BP levels rendering them 
current health choices for the modern societies. 
Implementing such interventions in a large scale 
is an important and urgent clinically meaningful 
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task nowadays in order to reduce hypertension 
and cardiovascular disease burden.
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 Introduction

Approximately 85.7 million American adults have 
hypertension, and the age-adjusted prevalence 
among United States (U.S.) adults ≥20 years of age 
is estimated to be 34.0% in the National Health and 
Nutrition Examination Survey (NHANES) 2011–
2014 [1]. In 2011–2014, the prevalence of hyper-
tension was 11.6% among those 20–39  years of 
age, 37.3% among those 40–59 years of age, and 
67.2% among those ≥ 60 years of age [1]. During 
the same timeframe, the prevalence of hypertension 
was 67.2% among U.S. adults ≥ 60 years of age and 
only 54.0% had controlled blood pressure 
(BP). According to NHANES 2005–2010, 76.5% 
of U.S. adults ≥ 80 years of age had hypertension, 
representing an increase from 69.2% in 1988–
1994 [2]. In elderly Americans, hypertension is 
the most important risk factor for cardiovascular 
disease (CVD), with estimates that 69% of 
patients with an incident myocardial infarction, 
77% with incident stroke, and 74% with incident 

heart failure have antecedent hypertension [3]. 
Moreover, hypertension is a major risk factor for 
incident diabetes mellitus, atrial fibrillation, and 
chronic kidney disease ([3]).

The prevalence of hypertension continues to 
rise in the U.S. with population growth, population 
aging, and persistent adverse behavioral risk fac-
tors, including high sodium and low potassium 
dietary patterns, physical inactivity, and increasing 
obesity. With advancing age, there is a gender tran-
sition from the younger (< 45 years) where hyper-
tension affects more men than women, to the older 
population (> 65 years) where hypertension affects 
more women than men [4] (Fig. 6.1). In addition to 
more prevalent hypertension in older women than 
men, BP control is more difficult to achieve in 
women than men [3]. Among patients 80 years of 
age with hypertension, only 23% of women (ver-
sus 38% of men) had BP < 140/90 mm Hg ([5]). 
Furthermore, older adults visiting their physicians 
for antihypertensive pharmacotherapy versus 
younger adults were significantly more likely to 
include three or more hypertensive medications. A 
total of 62% of all visits included the provision, 
prescription, or continuation of one or more hyper-
tensive medications. In 2013, 82% of visits to 
office-based physicians by adults with hyperten-
sion were made by those who had additional 
chronic conditions [6].

Evidence-based guidelines provide inconsistent 
recommendations regarding the optimal systolic 
blood pressure (SBP) treatment targets in the elderly 
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populations. Historically, in the period before the 
landmark Systolic Hypertension in the Elderly 
Program (SHEP) trial in 1991, elevated BP in this 
population  (specifically systolic hypertension 
alone) had been somewhat controversial. Indeed, 
prior to landmark trials, hypertension was consid-
ered to be a normal compensatory phenomenon. 
For example in 1937,  President Franklin Delano 
Roosevelt, who had a BP reading of 162/98 mm Hg 
at the age of 54 did not receive treatment to reduce 
his BP from his personal physician, as this was con-
sistent with medical knowledge and opinion at that 
time [7].  Subsequently, significant cardiovascular 
benefits were demonstrated in the elderly in multi-
ple studies.

 Pathophysiologic Considerations 
in Elderly Patients

Specific considerations must be taken into account 
when treating hypertension in the elderly popula-
tion. Blood pressure represents the confluence of 

cardiac and vascular properties such as arterial 
stiffness, endothelial dysfunction, increased car-
diac output, high peripheral vascular resistance 
and extracellular/intravascular volume. Blood 
pressure is a function of blood flow and vascular 
resistance. In clinical practice, pressure refers to a 
pulsatile phenomenon defined in terms of SBP 
and diastolic blood pressure (DBP), representing 
the extremes of the BP oscillation around a mean 
BP value. These are quantitative measures of BP; 
however, BP and flow fluctuate during the cardiac 
cycle [3]. Systolic blood pressure increases with 
age until the eighth or ninth decade of life, in con-
trast to DBP, which rises only until middle age 
and then either levels off or slightly decreases.

As blood vessels become stiff due to age- 
related processes, and/or other co-morbidities, 
such as hypertension, hyperlipidemia, diabetes 
mellitus, and peripheral vascular diseases, SBP 
rises. The wider the pulse pressure, the smaller 
the ratio of DBP to SBP lowering with antihyper-
tensive therapy, which is consistent with well- 
known hemodynamic principles. Indeed, DBP 
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18 and over, by sex and age: United States, 2011–2014  
1Crude estimates are 31.3% for total, 31.0% for men, and 
31.5% for women. 2Significant difference from age group 
18–39. 3Significant difference from age group 40–59. 
4Significant difference from women for same age group. 

5Significant linear trend. NOTE: Estimates for the 18 and 
over category were age- adjusted by the direct method to 
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40–59, and 60 and over. (Source: CDC/NCHS, National 
Health and Nutrition Examination Survey, 2011–2014. 
Yoon et al. [45])
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rises with increased peripheral arterial resistance 
but falls with increased stiffness of the large con-
duit arteries. Therefore, antihypertensive therapy 
will maximize the decrease in SBP and minimize 
the reduction in DBP in direct proportion to the 
age-related stiffening of large arteries [8].

Notably, elderly patients are prone to having 
isolated systolic hypertension (ISH)—SBP 
≥ 140 mm Hg; DBP < 90 mm Hg. Isolated systolic 
hypertension is characterized by reduced vascular 
compliance, often combined with increased periph-
eral resistance and is a result of increased arterial 
stiffness from arteriosclerosis or impairment of 
nitric oxide–mediated vasodilation [9, 10]. The 
prevalence of ISH is very significant in elderly 
patients with hypertension demonstrated in more 
than 65% of hypertensive patients aged ≥ 60 years 
and more than 90% of those aged > 70 years [11].

Additionally, salt sensitivity is more fre-
quently observed in older than in younger sub-
jects [12] resulting in a higher SBP and higher 
pulse pressure when more salt is consumed by 
elderly individuals. Finally, elderly persons are at 
increased risk for orthostatic hypotension, which 
is present in up to 20 percent of patients older 
than 65 years [13] and can lead to increased risk 
for syncope, falls, and injuries.

 Appropriate Determination 
of the Diagnosis of Hypertension

According to a recent Food and Drug 
Administration (FDA) Consumer Update, BP 
evaluations should be done in a clinic or a medi-
cal office, by using BP cuffs of various sizes to 
ensure the reading is accurate. There is no such 
thing as a “standard” cuff to fit a “standard” arm, 
thus the BP kiosks at various drug stores, phar-
macies, or grocery stores may be inaccurate 
[14].  The most common error in BP measure-
ment is use of an improperly sized cuff. The blad-
der length recommended by the American Heart 
Association is 80% of the patient’s arm circum-
ference, and the ideal width is at least 40% [15].

The Million Hearts Campaign is a national 
initiative of the Department of Health and Human 
Services whose goal is to prevent one million 
heart attacks and strokes by 2017 [16]. This col-
laborative effort involves multiple government 

agencies and nongovernmental collaborators. 
The initiative is co-led by the Centers for Disease 
Control and the Centers for Medicare and 
Medicaid Services within the Department of 
Health and Human Services. One of the Million 
Hearts main areas of focus is improving medica-
tion adherence through knowledge dissemina-
tion, stakeholder activation, creation of incentives, 
measuring and reporting, improving population 
health, and research. The Million Hearts 
Campaign supports self-monitoring BP particu-
larly in certain types of patients, including the 
elderly, people with diabetes or chronic kidney 
disease, pregnant women, and those with sus-
pected or confirmed white coat hypertension 
[17]. Clinicians should encourage patients to take 
any home BP monitor they use to their provider’s 
office to measure its accuracy against a compa-
rable device before the readings are accepted. 
The Canadian Hypertension Education Program 
Guidelines developed a technique for assessing 
automated office blood pressure (AOBP) to 
ensure accuracy (Table 6.1).

Table 6.1 Recommended technique for automated 
office blood pressure (AOBP)

1.  Measurements should be taken with a validated 
sphygmomanometer known to be accurate.

2.  Choose a cuff with an appropriate bladder size 
matched to the size of the arm. Select the cuff size 
as recommended by its manufacturer.

3.  Place the cuff so that the lower edge is 3 cm above 
the elbow crease and the bladder is centered over 
the brachial artery. There is no rest period needed 
before measurement. The arm should be bare and 
supported with the BP cuff at heart level, as a lower 
position will result in an erroneously higher SBP 
and DBP. There should be no talking, and patients’ 
legs should not be crossed.

4.  When using automated office oscillometric devices, 
the patient should be seated in a quiet room (no 
specified period of rest). With the device set to take 
measures at 1- or 2-minute intervals. The first 
measurement is taken by a health professional to 
verify cuff position and validity of the measurement. 
The patient is left alone after the first measurement 
while the device automatically takes subsequent 
readings.

5.  Record the average BP as displayed on the 
electronic device as well as the arm used and 
whether the patient was supine, sitting or standing. 
Record the heart rate.

Adapted from the Canadian hypertension education pro-
gram guidelines
Ref.: Leung et al. [18]
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For the elderly population, multiple BP read-
ings should be done prior to diagnosing hyperten-
sion. Once hypertension is diagnosed, prescription 
initiation and intensification should proceed as, 
start low and go slow, and routinely monitor both 
seated and standing BP as orthostatic hypotension 
is more prevalent in the elderly population. If the 
patient has significant orthostasis, then the stand-
ing BP should take precedence.

 Evolution of Clinical Trial Evidence

Based mainly on observational data, controversy 
lies in the J-shaped relation (J-curve) between the 
risk of myocardial infarction and treated BP 
which led to the suggestion that a reduction of 
pressure induced by drugs might cause and pre-
vent myocardial ischemia [19], especially in the 
elderly population. Theoretically speaking, there 
is likely a turning point of BP below which the 
risk of cardiovascular events increases, as BP is 
essential for the perfusion of all organs. Overall, 
there have been conflicting views on the treat-
ment of hypertension in very old patients as some 
studies suggested that BP and death were 
inversely related. Presently, the J-curve issue 
remains unresolved, however several randomized 
studies have attempted to address this contro-
versy. Given that the J-curve demonstrated a link 
between DBP and coronary events, McEvoy and 
colleagues studied 11,565 adults in an observa-
tional trial from the Atherosclerosis Risk In 
Communities (ARIC) cohort, to evaluate the 
independent association of DBP with myocardial 
damage and with coronary heart disease (CHD), 
stroke, or death over 21 years. There was a trend 
toward higher risk of progression of subclinical 
myocardial damage and incident CHD among 
those with DBP <  60 and SBP ≥ 140  mm Hg 
[20]. Thus, suggesting that low DBP levels, par-
ticularly < 60 mm Hg, might harm the myocar-
dium and are associated with subsequent 
CHD. However, this phenomenon appears to be 
most likely in clinical settings where SBP is 
≥ 120 mm Hg and pulse pressure is higher.

Published in 1989, the European Working 
Party on High Blood Pressure in the Elderly 

(EWPHE) trial comprised 840 men and women 
over 60 years old, with a SBP in the range of 
160–239 mm Hg and a diastolic pressure in the 
range 90–119 mm Hg, who were randomized to 
receive active treatment (hydrochlorothiazide 
with triamterene) or matching placebo. A signifi-
cant BP difference of 20/8 mm Hg was obtained 
between the groups and maintained during 
5 years of follow-up. The EWPHE trial demon-
strated that active treatment was associated with 
a 27% reduction in cardiovascular mortality 
(p = 0.037), a 60% reduction in fatal myocardial 
infarctions (p  =  0.043), a 52% reduction in 
strokes (p = 0.026), and a significant reduction in 
the incidence of severe congestive heart failure 
[21]. In a follow-up paper, Staessen and col-
leagues evaluated mortality and other possible 
correlates of mortality in the EWPHE  patients, 
who were grouped in thirds of the distribution of 
treated blood pressure. The EWPHE trial demon-
strated a U-shaped relation with treated systolic 
pressure and an inverse association with treated 
diastolic pressure. The U curve between mortal-
ity and diastolic pressure in patients taking pla-
cebo indicates that the increased mortality in the 
lower thirds of the actively treated patients may 
not be drug induced; however, it could be second-
ary to deterioration in general health, as sug-
gested by the decreases in body weight and 
hemoglobin concentration ([22]).

The Swedish Trial in Old Patients with 
Hypertension (STOP-Hypertension) was a multi-
center, randomized, double-blind study of 1,627 
patients (mean age 76; mean BP 195/102 mm Hg) 
on antihypertensive treatment (atenolol, hydro-
chlorothiazide plus amiloride, metoprolol, or pin-
dolol) compared to placebo.At study completion, 
the average BP reduction was 20/8 mm Hg in the 
actively treated group compared to placebo. The 
mean follow-up was 2.5  years [23].Compared 
with placebo, active treatment significantly 
reduced the number of primary endpoints (94 vs 
58; p = 0.0031) and stroke morbidity and mortal-
ity (53 vs 29; p = 0.0081), as well as a signifi-
cantly reduced number of deaths in the active 
treatment group (63 vs 36; p  =  0.0079). These 
benefits were noticeable up to age 84 years, and 
STOP-Hypertension concluded that the elderly 
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aged 70–84 conferred significant and clinically 
relevant reductions in cardiovascular morbidity 
and mortality as well as in total mortality in both 
men and women.

In 1991, the SHEP trial was the first random-
ized controlled trial to demonstrate the benefits 
of treating ISH in those with an average age of 
72 years and an average SBP at entry of 170 with 
a mean diastolic of 77  mm Hg, randomized to 
either diuretic therapy (chlorthalidone plus aten-
olol or reserpine, if needed) or placebo. Out of 
4,736 total and after an average of 4.5 years, the 
average BP at study end was 155/72 
and 143/65 mm Hg, control and actively treated, 
respectively. The SHEP trial revealed a 37% 
reduction in nonfatal strokes, 32% decrease in 
cardiovascular events, 33% decrease in nonfatal 
myocardial infarctions, and a 55% reduction in 
heart failure in the treated versus placebo group 
([24]). In support of the SHEP trial, the Medical 
Research Council trial of treatment of hyperten-
sion in older adults demonstrated that active 
treatment led to a significant reduction in cardio-
vascular events in men and women aged 65–74 
with sustained mild to moderate hypertension 
[25]. Additionally, the Systolic Hypertension in 
Europe (Syst-Eur) revealed benefits of antihyper-
tensive treatment (nitrendipine with enalapril and 
hydrochlorothiazide, if needed) that were similar 
to those trials in older patients with combined 
systolic and diastolic hypertension [26].

By 2008, nevertheless, there still was no solid 
evidence that antihypertensive drug treatment in 
the very elderly (≥ 80 years) was either safe or 
effective. Thus, the Hypertension in the Very 
Elderly Trial (HYVET) was the first randomized 
trial to demonstrate benefits of treating hyperten-
sion in 3,845 very elderly from Australia, China, 
Europe, and Tunisia [27].  Overall, the results 
demonstrated clear benefits in those patients 
80 years or older whose SBP was > 160 mm Hg 
with active treatment (indapamide with or with-
out perindopril) as compared to placebo. The BP 
in the active treatment group was 15/6.1 mm Hg 
lower than the placebo group, revealing a 30% 
reduction in the rate of fatal and non-fatal stroke 
(95% CI −1–51, p = 0.06), 39% reduction in rate 
of death from stroke (95% CI 1–62, p  =  0.05), 

21% reduction in rate of death from any causes 
(95% CI 4–35, p = 0.02), 23% reduction in the 
rate of death from cardiovascular causes (95% CI 
−1–40, p = 0.06), and a 64% reduction in the rate 
of heart failure (95% CI 42–78, p < 0.001).

Accordingly, Cardio-Sis (CARDIO vascolari 
del Controllodella Pressione Arteriosa SI Stolica) 
trial of 1,111 participants without diabetes with a 
mean age of 67  years compared a SBP of 
≤ 130 mm Hg to the standard < 140 mm Hg SBP 
(open label therapywith combinations of furose-
mide, ramipril, telmisartan, amlodipine, bisopro-
lol, and transdermal clonidine; combinations of 
ramipril and of telmisartan with hydrochlorothia-
zide were also available). The primary (electro-
cardiographic left ventricular hypertrophy)and 
secondary end points (composite of cardiovascu-
lar events) 2 years post-randomization, were less 
frequent in the tightthan in the standard control 
group in patients with and without established 
CVD at initiation. Therefore, the advantage of a 
“tightly controlled group” as compared to a stan-
dard control group had a significantly lower inci-
dence of new left ventricular hypertrophy, atrial 
fibrillation, and need for coronary revasculariza-
tion [28], without any paradoxical rise in the risk 
of events at low levels of achieved BP during 
follow-up.

 Recent Guidelines Endorsing 
Higher Systolic BP Goals in Elderly

A 2014 evidence-based guideline for the man-
agement of high BP in adults consisted of a 
report from the members appointed to the 
Eighth Joint National Committee Panel 
(JNC-8P). This nomenclature accurately 
reflects the Journal of American Medical 
Association (JAMA) publication from the 
JNC-8P and avoids the perception that the fed-
eral government and any of the 39 professional 
organizations that reviewed and endorsed the 
Seventh Report of the Joint National Committee 
on Prevention, Evaluation, and Treatment of 
High Blood Pressure (JNC-7) were responsible 
for conclusions. The JNC-8P members based 
their recommendations upon strict adherence of 
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evidence-based medicine, consensus, and 
expert opinion, and their extensive review pro-
cess recommended for those ≥ 60 years of age, 
a SBP ≥  150  mm Hg threshold for initiating 
antihypertensive drug treatment and a treatment 
goal SBP of < 150 mm Hg [29].

The persistent controversy lies in the general-
ized recommendation for the higher threshold in 
the elderly hypertensive patients, as the higher 
SBP threshold is especially threatening to African 
Americans and women who are disproportion-
ately affected with hypertension in this age demo-
graphic [30]. Furthermore, as most Americans 
≥ 60 years of age with hypertension are women, 
women will be differentially affected by the rec-
ommendation to raise the SBP threshold for initi-
ating treatment (to 150 mm Hg) and to raise the 
treatment target (<150  mm Hg) for peo-
ple ≥ 60 years of age. Unfortunately, the JNC-8P 
2014 recommendations offer no recognition that 
the elderly hypertensive population is primarily 
female, that older women generally have poorly 
controlled hypertension, and that approximately 
40% of those with poor BP control are African 
American women, who have the highest risks for 
stroke, heart failure, and chronic renal disease.

In addition, according to new evidence-based 
guidelines jointly developed by the American 
College of Physicians (ACP) and the American 
Academy of Family Physicians (AAFP) in 2017, 
they collaboratively recommend that physicians 
initiate treatment in adults aged 60 years old and 
older with persistent SBP at or above 150 mm Hg 
to achieve a target SBP of less than 150 mm Hg 
in order to reduce the risk of mortality, stroke, 
and cardiac events (Grade: strong recommenda-
tion, high-quality evidence). The second recom-
mendation is that clinicians consider initiating or 
intensifying pharmacologic treatment in adults 
aged 60 years or older with a history of stroke or 
transient ischemic attack to achieve a target SBP 
of less than 140  mm Hg to reduce the risk for 
recurrent stroke (Grade: weak recommendation, 
moderate-quality evidence). The final recom-
mendation is that clinicians should consider initi-
ating or intensifying pharmacologic treatment in 
some adults aged 60 years or older at high cardio-
vascular risk, based on individualized assess-

ment, to achieve a target SBP of less than 140 mm 
Hg to reduce the risk for stroke or cardiac events 
(Grade: weak recommendation, low-quality evi-
dence). These clinical recommendations regard-
ing the benefits and harms of higher versus lower 
BP targets for hypertension in adults 60 years and 
older were developed for utilization by all clini-
cians caring for adults 60  years and older with 
hypertension [31].  Adapted from the Million 
Hearts® website, Table  6.2 provides practical 
approaches to effective provider-patient commu-
nication to control hypertensive patients.

Given that the JNC-8P recommendations were 
challenged by several in the cardiology commu-
nity over the elevated hypertension treatment 
threshold, and in recognition of significant new 
clinical trial evidence in hypertension, the 2017 
American College of Cardiology/American Heart 
Association/American Academy of Physician 
Assistants/Association of Black Cardiologists/
American College of Preventative Medicine/
American Geriatrics Society/American 
Pharmacists Association/American Society of 
Hypertension/American Society for Preventative 
Cardiology/National Medical Association/
Preventive Cardiovascular Nurses Association 
Guideline for the Prevention, Detection, 
Evaluation and Management of High Blood 
Pressure in Adults is currently in development and 
will serve as an update to the 2003 JNC-7 that was 
the final hypertension guideline headed by the 
National Heart, Lung, and Blood Institute 
(NHLBI). The 2003 JNC-7 was the final and most 
recent hypertension management guideline to be 
endorsed by the ACC/AHA, however the JNC-8P 
was not endorsed by these organizations.

 Impact OF SPRINT and Future 
Guidelines for Blood Pressure 
Control in Elderly

According to the landmark clinical trial spon-
sored by the National Institutes of Health, the 
Systolic Blood Pressure Intervention Trial 
(SPRINT) was a randomized trial of 9,361 
community- dwelling adults (mean age 68 years) 
that evaluated whether lowering SBP to a target 
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Table 6.2 Practical approaches to effective provider- patient communication to control high blood pressure

Explain the roles of each member of the health care team.
Ask, “What is most important for you to accomplish during your visit today?” The answer helps set the agenda.
Review blood pressure goal against current reading(s).
Have an open conversation about goals, achievements, confidence, and barriers.
Consider asking these questions to get a discussion going:
  What have you been doing since our last visit to control your blood pressure?
  What concerns you the most about your high blood pressure?
  What specifically would you like to work on to manage your high blood pressure?
  How confident are you that you could do [behavior] to help control your blood pressure?
  What might get in the way or keep you from being successful?
  What do you think would make it easier to control your high blood pressure?
Help set small, achievable goals based on patients’ answers. For example, if the patient is working to improve diet, 
establish a goal to swap out favorite food items for lower sodium versions. Small changes can gradually lead to 
more heart-healthy meals, cooked at home.
Use the “Ask-Tell-Ask” technique to address actions for each behavioral goal:
  Ask permission to provide information on a specific topic. For example, for medication adherence, you might 

say, “There are several things I want to tell you about your new medication. Is that okay?”
  Tell the patient what they need to know (e.g., when they should take the medication, expected side effects, 

importance of taking it as directed). Use simple words and diagrams or pictures.
  Ask the patient to repeat back the information in their own words.
Consider asking these questions to get a discussion going:
  What have you been doing since our last visit to control your blood pressure?
  What concerns you the most about your high blood pressure?
  What specifically would you like to work on to manage your high blood pressure?
  How confident are you that you could do [behavior] to help control your blood pressure?
  What might get in the way or keep you from being successful?
  What do you think would make it easier to control your high blood pressure?

Adapted from: Million Hearts® is a national initiative to prevent one million heart attacks and strokes by 2017. It is led 
by the Centers for Disease Control and Prevention and the Centers for Medicare & Medicaid Services, two agencies of 
the Department of Health and Human Services. https://millionhearts.hhs.gov/files/TipSheet_HCP_Checklist.pdf

< 120 versus < 140 mm Hg reduced major car-
diovascular (CV) events (i.e., myocardial infarc-
tion, acute coronary syndrome, stroke, acute 
heart failure and CV mortality) [32]. Of the 9,361 
participants, 2,636 (28.2%) were aged 75 years 
and older, 3,332 (35.6%) were women, 5,399 
(57.7%) were non-Hispanic white, 2,947 (31.5%) 
were black, and 984 (10.6%) were Hispanic. 
Cardiovascular disease was present in 1,877 per-
sons (20.1%), and the Framingham 10-year CVD 
risk score was 15% and higher in 5,737 persons 
(61.3%).  SPRINT was terminated early at 
3.26 years due to overwhelming evidence of ben-
efit. The SPRINT trial provided critical informa-
tion on the efficacy and safety of lowering the 
SBP to <  120  mm  Hg in elderly hypertensive 
adults. The primary outcome, myocardial infarc-
tion, acute coronary syndrome, stroke, conges-
tive heart failure, or cardiovascular death, was 
significantly lowered in the intensive BP man-

agement arm compared with the routine manage-
ment arm (5.2% vs. 6.8%, hazard ratio [HR] 
0.75, 95% confidence interval [CI] 0.64–0.89; 
p < 0.0001). Thus, SPRINT demonstrated that a 
treatment goal for SBP of less than 120 mm Hg 
reduced incident CVD by 33% (from 3.85% to 
2.59% per year) and totalmortality by 32% (from 
2.63% to 1.78% per year) [32]. Overall, SPRINT 
demonstrated that intensive compared to stan-
dard SBP targets resulted in lower composite 
CVD outcomes and all-cause mortality in adults 
≥ 75 years of age [33], however SPRINT was not 
a specific drug class study.

Consistent with the SPRINT cohort, the sub-
group of participants aged ≥ 75 years also dem-
onstrated impressive reductions in CVD events 
and total mortality with intensive as compared 
with standard therapy. The resultssupport and 
enhance the major SPRINT study findings in 
community-dwelling persons aged 75  years or 
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older, demonstrating that a treatment goal for 
SBP of less than 120  mm Hg reduced incident 
CVD by 33% (from 3.85% to 2.59% per year) 
and total mortality by 32% (from 2.63% to 1.78% 
per year) ([33]).  On the other hand, although 
elderly women are the predominant population 
with ISH, only 36% of the landmark SPRINT 
cohort were women and 28% of the entire 
SPRINT cohort were aged 75  years (the upper 
limit was age 80 years) [30].

Of note, the BP in SPRINT was measured 
using automated oscillometric blood pressure ver-
sus using manual (auscultatory) blood pressure, 
which was the technique used in other trials and 
which is more commonly used in routine practice 
than AOBP. Thus, the reported SPRINT SBP may 
be higher than usual clinic measurements.

Additionally, in SPRINT, diastolic pressures 
were greater than 70  mm  Hg at baseline, and 
remained above 65 mm Hg during the course of 
the trial, even with intensive treatment. Given the 
concern for many older adults with isolated sys-
tolic hypertension experiencing low diastolic 
pressure (i.e., less than 60–65 mmHg), especially 
with coronary artery disease, aggressive lowering 
of the systolic pressure, may exacerbate myocar-
dial ischemia and increase risk. Although there 
were increased adverse events with intensive BP 
lowering in SPRINT, such as syncope (2.3% ver-
sus 1.7%) and hyponatremia (3.8% versus 2.1%), 
the rates of orthostatic hypotension and falls 
resulting in hospitalization were similar between 
the groups.

From 2011 to 2017, according to the hyperten-
sion guidelines from the American College of 
Cardiology Foundation/American Heart 
Association 2011 expert consensus document on 
hypertension in the elderly developed in collabora-
tion with the American Academy of Neurology, 
the American Geriatrics Society, the American 
Society for Preventive Cardiology, the American 
Society of Hypertension, the American Society of 
Nephrology, the Association of Black 
Cardiologists, and the European Society of 
Hypertension collectively recommended that the 
BP goals be lowered to less than 140/90 mm Hg in 
older persons younger than 80 years and to 140–
145/<90  mm  Hg, if tolerated in adults aged 

80 years and older [3]. In addition, the Canadian 
2016 hypertension guidelines recommend that 
high-risk adults aged 50  years and older with a 
SBP of 130 mmHg or higher obtained by an AOBP 
measurement should have a target SBP goal of 
120 mmHg or lower [34].

The recent 2016 Canadian Hypertension 
Education Program (CHEP) Guidelines recom-
mend intensive BP reduction in high risk patients, 
including, clinical or subclinical CVD or chronic 
kidney disease (nondiabetic nephropathy, pro-
teinuria <1  g/d, estimated glomerular filtration 
rate 20–59 mL/min/1.73 m2) or estimated 10-year 
global cardiovascular risk ≥15% or 
age ≥ 75 years [18]. However, even CHEP main-
tains in the very elderly (age ≥ 80 years), the SBP 
target is <150  mm Hg. Nevertheless, for high- 
risk patients, intensive management to a target 
SBP 120  mm Hg should be guided by AOBP 
measurements, not usual clinic measurements. 
Finally, patients should be prepared for more 
clinical encounters, monitoring, and medication 
usage, as individuals who received intensive 
treatment in SPRINT were followed monthly 
until target BP levels were achieved. On average, 
SPRINT participants were prescribed 2.7 antihy-
pertensive agents, compared with 1.8 agents in 
the standard control group. Therefore, although 
SBP targets <120 mm Hg are beneficial in certain 
cases, intensive treatment also incurs greater 
health care utilization and potential treatment 
risks and should be closely monitored.

 Sub-Studies from SPRINT: 
Prediabetes, Chronic Kidney 
Disease, Cognition

Given the strength of the rigorously conducted 
randomized controlled SPRINT study design with 
adjudicated outcomes in a large, racially diverse 
population allowed for large subgroups of those 
with prediabetes and those with fasting normogly-
cemia at baseline. Recent sub-group analysis in 
SPRINT revealed lower risk in outcomes in those 
with prediabetes [35]. Accordingly, the beneficial 
effects of intensive SBP treatment on CVD events 
and all-cause mortality continued to patients with 
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prediabetes and were similar among those with 
prediabetes and fasting normoglycemia.

Among SPRINT patients with chronic kidney 
disease  (CKD) and hypertension without diabe-
tes, a target SBP of 120  mm  Hg compared to 
140 mm Hg reduced rates of major CV events and 
all-cause death without evidence of effect modifi-
cations by CKD or deleterious effect on the main 
kidney outcome. Thus, demonstrating the best 
available evidence to date in favor of intensive 
SBP reduction as a means to improve survival in 
patients with CKD and hypertension who are bur-
dened with very high mortality rate [36].

Overall, data demonstrate that antihyperten-
sive drug therapy either significantly or insignifi-
cantly reduces the incidence of dementia or of 
cognitive impairment [37–39] despite the short 
follow-up of the double-blind antihypertensive 
drug versus placebo trials on the incidence of 
dementia and cognitive impairment. The SPRINT 
study suggests that target SBP levels of lower 
than 140  mm Hg and possibly 120  mm Hg or 
lower extend to cognitive outcomes as well. 
According to Hajjar et al. [40], patients 70 years 
of age or older who receive hypertension treat-
ment, a SPRINT SBP level of 120  mm Hg or 
lower was not associated with worsening cogni-
tive outcome and may be superior to the JNC-8P 
target for cognition. Thus, the findings suggest 
that a lower SBP target for African American 
patients specifically is linked to greater cognitive 
benefit.

 Best Antihypertensive Agents 
in the Elderly

Adoption of healthy lifestyles is critical to pre-
vent high BP and isthe bedrock of BP manage-
ment and control. According to the JNC 7, major 
lifestyle modifications shown to lower BP include 
weight reduction in those individuals who are 
overweight or obese, adoption of Dietary 
Approaches to Stop Hypertension (DASH) eat-
ing plan, dietary sodium reduction, physical 
activity, moderation of alcohol consumption, and 
smoking cessation, if applicable. The initiation of 
any antihypertensive agent dose should start low, 

and be up-titrated slowly while reducing BP 
gradually. Given the increased risk for hypoten-
sion and orthostatic hypotension, a single antihy-
pertensive agent should be initiated at a time with 
careful monitoring of blood pressure. A strategy 
of initiating two drugs at low doses when the 
baseline BP is > 20 mm Hg above goal may be 
used cautiously, taking care to avoid overaggres-
sive BP lowering especially given the frailty of 
the population.

Based upon evidence-based guidelines per-
formed in patients aged ≥ 60 years, the antihy-
pertensive treatment to be implemented in older 
hypertensive subjects are the same drug classes 
that are recommended for younger patients (i.e., 
diuretics, angiotensin receptor antagonist 
(ARB’s), angiotensin-converting enzyme inhibi-
tors (ACE-I), and calcium channel blockers, with 
an extension to β-blockers in the European 
Society of Cardiology (ESC)/European Society 
of Hypertension (ESH)guidelines) [3, 41].  The 
choice of the specific antihypertensive agentin 
the treatment of elderly persons with hyperten-
sion depends on efficacy, tolerability, presence of 
specific comorbidities and cost [3]. Angiotensin 
converting enzyme inhibitionor ARB is a reason-
able initial approach, especially if there is 
 concurrent CVD, diabetes, proteinuria, chronic 
kidney disease, or heart failure. According to the 
ESC/ESH  guideline, a calcium antagonist or 
diuretic in elderly patients with ISH is recom-
mended [42].  Consistent with ESC/ESH guide-
lines, the Antihypertensive and Lipid-Lowering 
Treatment to Prevent Heart Attack Trial 
(ALLHAT) data, also suggested that low-dose 
daily diuretic (chlorthalidone) is the most effec-
tive agent in this population [43]. On the other 
hand, hyponatremia is a valid consideration in 
elderly patients as many patients’ free water 
intake is reduced. After 1 year of treatment, 7.2% 
of the participants randomized to chorthalidone-
treatment had a serum potassium < 3.5 mmol/L 
compared with 1% of the participants random-
ized to placebo after 1 year. However, with addi-
tion of an ACEI/ARB and/or aldosterone 
antagonist, the hypokalemia can be ameliorated.

In the Scandinavian population, the Anglo- 
Scandinavian Cardiac Outcomes Trial-Blood 
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Table 6.3 Blood pressure treatment goals recommended by the 2011–2017 hypertension guidelines

1.  The BP should be lowered to less than 140/90 mm Hg in older persons younger than 80 years and to 
140–145/<90 mm Hg, if tolerated in adults aged 80 years and older [ACCF/AHA 2011 expert consensus].

2.  The BP should be lowered in older adults younger than 80 years to less than 140/90 mm Hg. In adults older than 
80 years, the SBP should be lowered to between 140 and 150 mm Hg provided they are in good physical and 
mental conditions [ESH/ESC guidelines, 2013].

3.  The BP should be lowered in adults aged 60 years or older to less than 150/90 mm Hg if they do not have 
diabetes mellitus or CKD and to less than 140/90 mm Hg if they have diabetes mellitus or CKD [JNC 8 Panel 
Members, 2014].

4.  The BP should be lowered in adults aged 60 years and older to less than 140/90 mm Hg [47].
5.  The BP should be lowered to less than 140/90 mm Hg in adults aged 60 to 79 years and to less than 150/90 mm 

Hg in adults aged 80 years and older [48].
6.  The BP should be lowered to less than 140/90 mm Hg in adults aged 60 to 79 years and to less than 150/90 mm 

Hg in adults aged 80 years and older [Canadian Hypertension Education Program, 2013].
7.  The BP should be lowered to less than 140/90 mm Hg in adults aged 60 to 79 years and to less than 150/90 mm 

Hg in adults aged 80 years and older [A statement by the American Society of Hypertension and the International 
Society of Hypertension, 2014].

8.  The BP should be lowered to less than 140/90 mm Hg in patients with coronary artery disease and with an acute 
coronary syndrome if they are aged 80 years and younger but to less than 150 mm Hg if they are older than 
80 years of age. Consideration can be given to reduce the blood pressure to less than 130/80 mm Hg. Caution is 
advised in reducing a DBP to less than 60 mm Hg in persons with diabetes mellitus or in persons older than 
60 years of age [AHA/ACC/ASH scientific statement, 2015].

9.  High-risk adults aged 50 years and older with a SBP of 130 mmHg or higher obtained by an automated office 
blood pressure measurement should have a target systolic blood pressure goal of 120 mm Hg or lower. High-risk 
patients for treatment with intensive blood pressure management include those with clinical or subclinical 
cardiovascular disease or CKD or an estimated 10-year global cardiovascular risk of 15% and higher or an age of 
75 years and higher [Canadian Hypertension Education Program (CHEP), 2016].

10.  Selected high cardiovascular risk persons should have a SBP goal of less than 120 mm Hg to improve 
cardiovascular outcomes. Close monitoring should be performed in these persons to identify treatment- related 
adverse effects including hypotension, syncope, electrolyte abnormalities, and acute kidney injury [Australian 
Hypertension Guidelines, 2016].

11.  Adults aged 60 years and older with a SBP of 150 mm Hg and higher should have their SBP reduced to less 
than 150 mm Hg]. Adults aged 60 years and older with a history of stroke or transient ischemic attack should 
have their SBP reduced to less than 140 mm Hg. Adults aged 60 years and older at high cardiovascular risk 
should have their SBP reduced to less than 140 mm Hg [guideline from the American College of Physicians and 
the American Academy of Family Physicians, 2017].

BP Blood pressure, SBP Systolic blood pressure, CKD Chronic kidney disease, DBP Diastolic blood pressure
Reference (adapted from): Aronow [46]

Pressure Lowering Arm (ASCOT-BPLA), data 
revealed a significant overall mortality benefit in 
subjects aged >60 years when using a combina-
tion of calcium channel blocker (amlopdipine) 
and ACEI (perindopril) when compared to a beta- 
blocker (atenolol) and thiazide (bendr oflumethia 
zide (BFZ) regimen [44]. Therefore, a long- acting 
dihydropyridine calcium channel blocker as the 
initial agent for the elderly is a safe option, with 
the addition of an ACEI/ARB or low-dose thiazide 
diuretic to the calcium channel blocker, if needed. 
Table 6.3 provides a comparison of recommended 
target BP goals recommended by the 2011–2017 
Hypertension Guidelines in the elderly.

 Conclusion

Age is a powerful risk factor for hypertension 
complications, however the treatment of hyper-
tension in the elderly is complex. The current rec-
ommendation of less than 140/90  mm Hg has 
been associated with dramatic reductions in HTN 
complications with BP reduction. Multiple trials 
have shown more appropriate treatment of hyper-
tension in the elderly is safe and will decrease 
stroke, heart failure, myocardial infarction and 
all-cause mortality. There is sufficient evidence 
of benefit and limited risk of harm if BP targets of 
less than 140/90  mm Hg are recommended for 
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elderly, especially in higher risk groups. Future 
guidelines may be affected by results of the 
SPRINT landmark study which demonstrates the 
benefits of intensive BP reduction in CV morbid-
ity and mortality which extends to patients with 
CKD and prediabetes, and demonstrates no nega-
tive impact on cognition in those patients greater 
than or equal to 75 years of age.

 Future Guidelines

Future hypertensive guidelines may be impacted 
by the robust outcomes from SPRINT and return 
the BP goals in elderly to less than 140 and per-
haps even lower.

2017 American College of Cardiology/
American Heart Association/American Academy 
of Physician Assistants/Association of Black 
Cardiologists/American College of Preventative 
Medicine/American Geriatrics Society/American 
Pharmacists Association/American Society of 
Hypertension/American Society for Preventative 
Cardiology/National Medical Association/
Preventive Cardiovascular Nurses Association 
Guideline for the Prevention, Detection, 
Evaluation and Management of High Blood 
Pressure in Adults.
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 Introduction

Diabetes mellitus is a progressive metabolic dis-
ease with severe macrovascular (coronary artery 
disease, heart failure, stroke, peripheral artery 
disease) and microvascular (nephropathy, reti-
nopathy) complications. Diabetes mellitus is 
associated with a two-fold to three-fold increased 
risk for cardiovascular events and is the leading 
cause of chronic kidney disease with almost half 
of end-stage renal disease cases being attributed 
to diabetes [1, 2]. The prevalence of type 2 diabe-
tes mellitus increased dramatically during the last 
decades reaching epidemic dimensions, with 
even more disappointing projections for the near 
future [3, 4]. This increase in incidence around 
most of the world is primarily due to the increase 
in global obesity. The findings of two recent stud-
ies generate even greater concerns. The incidence 
of both type 1 and type 2 diabetes increased sig-
nificantly among youths in the US during the last 
decade, especially in minority populations [5]. 
Moreover, a large Swedish Registry revealed that 

although mortality and cardiovascular morbidity 
declined significantly during the last decade, fatal 
outcomes declined significantly less in diabetic 
compared to control individuals [6].

Arterial hypertension is a major public health 
problem with more than 1 billion affected indi-
viduals worldwide, a number that is expect to 
climb to 1.5 billion in 2025 [7]. Hypertension is a 
major cardiovascular risk factor and overwhelm-
ing observational data demonstrate a linear rela-
tionship between blood pressure levels even in the 
normal range and the risk of cardiovascular events 
[8]. Elevated blood pressure levels affect the heart 
(myocardial infarction, heart failure, left ventricu-
lar hypertrophy, atrial fibrillation), the brain 
(stroke, transient ischaemic attack, vascular 
dementia), the kidneys (chronic kidney disease), 
and the eyes (hypertensive retinopathy). 
Hypertension is among the most studied 
 conditions and numerous randomized controlled 
studies have established the benefits of antihyper-
tensive therapy on all cardiovascular and renal 
outcomes. Hypertension is very frequently 
encountered in diabetic patients and its prevalence 
depends on the type of diabetes, age, race, gender, 
and body mass index. Overall, more than half of 
diabetic patients have elevated blood pressure lev-
els, which are associated with both macro- and 
micro-vascular diabetic complications.

This chapter summarizes the guideline recom-
mendations for the management of elevated 
blood pressure in patients with type 2 diabetes 
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mellitus, presents the landmark studies in this 
field and the relevant meta-analyses that paved 
the way for these recommendations, and finally 
critically evaluates currently available data and 
provides future perspectives for the management 
of arterial hypertension in diabetic patients, espe-
cially on when to initiate therapy, at what blood 
pressure goal and the more appropriate drugs to 
attain it.

 The Guidelines

Several scientific societies from many specialties 
(hypertension, diabetology, endocrinology, 
nephrology, cardiology) at different parts of the 
world have issued guideline recommendations 
for the management of arterial hypertension in 
patients with diabetes mellitus. The exhaustive 
presentation of all guidelines is beyond the scope 
of this chapter, so the most representative guide-
lines will be summarized.

 American Diabetes Association (ADA)

The ADA updates its recommendations at the 
beginning of each year. While the 2017 update is 
not substantially different from the 2016 guide-
lines [9], the ADA BP Consensus report was just 
published and will result in a major change in the 
2018 guidelines [10]. Examples of updates will 
be the mandate to measure standing pressure on 
initial visit, using of home blood pressure moni-
toring to assess adherence and presence of white 
coat hypertension and many other more subtle 
differences. The blood pressure goal of less than 
140 mmHg for systolic and less than 90 mmHg 
for diastolic is recommended for all patients with 
diabetes mellitus and hypertension who can tol-
erate this level (level of evidence A). A lower 
blood pressure goal of <130/80 mmHg is recom-
mended for higher-risk patients if it can be 
achieved without undue treatment burden (level 
of evidence B). Initiation of antihypertensive 
therapy is recommended for blood pressure val-
ues of 140/90  mmHg or greater in addition to 
lifestyle therapy (level of evidence A). Patients 

with a blood pressure > 160/100 mmHg should 
be initially treated with combination therapy of a 
renin angiotensin system blocker with either a 
thiazide-like diuretic or a calcium antaagonist 
(level of evidence A) [11]. RAS-inhibitors are 
considered treatment of choice for patients with 
very high or macro-albuminuria (level of evi-
dence A). The new ADA BP consensus report 
does NOT mandate their use in microalbuminuria 
or normotension in diabetes since there has been 
a failure of outcome data for prevention of events 
in this setting [10]. Lifestyle modification is rec-
ommended for patients with blood pressure lev-
els >120/80 mmHg (level of evidence B).

 Expert Panel Report (JNC8)

The Eighth Joint National Committee released its 
evidence-based recommendations for the man-
agement of high blood pressure in adults in 2014 
[12]. It is recommended initial pharmacological 
therapy at blood pressure levels >140 mmHg for 
systolic and >90 mmHg for diastolic blood pres-
sure. Likewise, the blood pressure goal with anti-
hypertensive therapy is set at <140  mmHg for 
systolic and <90 mmHg for diastolic blood pres-
sure (Grade E  – Expert Opinion recommenda-
tion). The same thresholds apply for adult patients 
with chronic kidney disease as well. Initial anti-
hypertensive therapy should include a thiazide- 
type diuretic, calcium antagonist, ACE-inhibitor, 
or ARB in nonblack diabetic patients (Grade B, 
Moderate recommendation), while in black 
patients a thiazide-type diuretic or a calcium 
antagonist should be used as initial therapy 
(Grade C  – Weak recommendation for black 
patients with diabetes mellitus). These guidelines 
were NOT well accepted and the most recent 
guidelines released in November of 2017 are rad-
ically different from the Expert Panel Report.

There are too many differences to highlight in 
this article. Major differences from previous 
guidelines include: (a) a new staging system 
shown in Table 7.1, (b) new blood pressure goals 
for most people including most people over 
65 years of age to be <130/80 mmHg and (c) a 
focus on not only how to measure blood pressure 
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in the office but a major emphasis on home blood 
pressure [13]. The spirit of these new guidelines 
is to look at blood pressure in the context of a 
>10% 10-year cardiovascular risk. If present one 
has to be more aggressive about lowering the 
blood pressure and achieving goal. For those with 
diabetes the guideline is similar to the new ADA 
recommendations only more stringent. Specific 
guidelines for those with hypertension and diabe-
tes mellitus: In adults with diabetes mellitus and 
hypertension, antihypertensive drug treatment 
should be initiated at a blood pressure greater 
than or equal to 130/80 mmHg with a treatment 
goal of less than 130/80  mmHg (level A). In 
adults with diabetes mellitus and hypertension, 
all classes of antihypertensive agents are useful 
and effective (level A). In adults with diabetes 
mellitus and hypertension, ACE inhibitors or 
ARBs may be considered in the presence of albu-
minuria (level B) [13].

 European Society of Hypertension

The most recent guidelines for the management 
of arterial hypertension by the European Society 
of Hypertension and the European Society of 
Cardiology will be  published in 2018 and are 
available online [14]. These guidelines devote a 
specific section for the management of hyperten-
sion in patients with diabetes mellitus. 
Ambulatory blood pressure measurement is con-
sidered useful to unveil masked hypertension in 
diabetic patients. Initiation of antihypertensive 
therapy is considered mandatory at systolic blood 
pressure values >160  mmHg; moreover, it is 
strongly recommended in diabetic patients with 
stage I hypertension (systolic blood pressure 

140–160 mmHg), while initiation at lower blood 
pressure levels is not recommended. Regarding 
blood pressure targets in patients with diabetes 
mellitus, a systolic blood pressure goal of 
<140  mmHg is recommended, while the corre-
sponding goal for diastolic blood pressure is 
<85 mmHg. Regarding the type of antihyperten-
sive therapy, all classes can be used and are rec-
ommended for the management of hypertension 
in diabetic patients; it is also recommended that 
individual therapy should take comorbidities into 
account. RAS blockers may be preferred in dia-
betic patients, especially in the presence of 
macro-albuminuria, while the simultaneous 
administration of two RAS blockers should be 
avoided. Finally, systolic blood pressure values 
<130 mmHg are strongly suggested in the pres-
ence of overt proteinuria, provided that renal 
function is closely monitored.

 The Landmark Studies

A large body of epidemiological evidence dem-
onstrates the role of blood pressure elevation on 
diabetic macro- and micro-vascular complica-
tions, while numerous randomized controlled 
studies verified the benefits of antihypertensive 
therapy on cardiovascular and renal outcomes. 
Here we summarize the findings of the more 
important studies in this field.

 UKPDS

The United Kingdom Prospective Diabetes 
Study  (UKPDS) evaluated the macro- and 
 micro- vascular effects of tight (blood pressure 

Table 7.1 Categories of BP in Adultsa

BP Category SBP DBP
Normal <120 mmHg And <80 mmHg
Elevated 120–129 mmHg And <80 mmHg
Hypertension
Stage 1 130–139 mmHg Or 80–89 mmHg
Stage 2 140–159 mmHg Or 90–99 mmHg
Stage 3 ≥160 mmHg Or ≥100 mmHg

aIndividuals with SBP and DBP in 2 categories should be designated to the higher BP category
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goal <150/85 mmHg with captopril or atenolol) 
and less stringent (blood pressure goal 
<180/105  mmHg) blood pressure control in 
patients with newly diagnosed type 2 diabetes 
mellitus [15]. A total of 1148 mostly middle-aged 
(mean age: 56  years) participants with uncon-
trolled blood pressure (mean baseline blood pres-
sure: 160/94  mmHg) were randomly assigned 
(2:1 ratio) to tight or less stringent blood pressure 
control for a median follow-up period of 
8.4  years. Blood pressure levels were signifi-
cantly different in the two groups during the fol-
low- up period of the study (144/82  mmHg vs 
154/87  mmHg in the tight and less stringent 
group, respectively, p  <  0.0001). Tight blood 
pressure control was associated with significant 
macro- and micro-vascular benefits compared 
with less stringent blood pressure control. In par-
ticular, a 34% reduction in relative risk (p = 0.019) 
for macro-vascular events (combined myocardial 
infarction, sudden death, stroke, and peripheral 
vascular disease) and a 37% reduction in risk 
(p = 0.0092) for micro-vascular events (retinopa-
thy requiring photocoagulation, vitreous hemor-
rhage, fatal or nonfatal renal failure) were 
observed with tight compared to less stringent 
blood pressure control. Furthermore, stroke was 
reduced by 44%, heart failure declined by 56%, 
diabetes-related end-points were reduced by 
24%, and diabetes related deaths were reduced 
by 32% with tight blood pressure control. On the 
other hand, no statistically significant benefits 
were observed with tight blood pressure control 
in all-cause mortality, fatal and nonfatal myocar-
dial infarction, proteinuria, renal function deteri-
oration, and diabetic neuropathy.

 ACCORD

The Action to Control Cardiovascular Risk in 
Diabetes (ACCORD) trial evaluated whether 
intensive antihypertensive therapy (systolic 
blood pressure goal <120 mmHg) is superior to 
standard therapy (systolic blood pressure goal 
<140  mmHg) in patients with type 2 diabetes 
mellitus at high risk for cardiovascular events 
[16]. A total of 4733 middle-aged and elderly 

(mean age: 62.2  years) participants with long- 
standing diabetes (mean duration: 10 years) and 
rather controlled blood pressure (mean baseline 
blood pressure: 139.2/76.0  mmHg) were ran-
domly assigned to intensive or standard antihy-
pertensive therapy for 4.7 years. Blood pressure 
differed significantly between the two groups 
from the first months of therapy, and an average 
between-group difference of 14.2/6.1  mmHg 
was achieved early in the study (133.5/70.5 mmHg 
vs 119.3/64.4 mmHg for the intensive and stan-
dard therapy group, respectively). The study 
failed to reach its primary endpoint (a composite 
of nonfatal myocardial infarction, nonfatal 
stroke, and cardiovascular death) and most sec-
ondary endpoints (all-cause and cardiovascular 
mortality, nonfatal myocardial infarction, major 
coronary disease event, and fatal or nonfatal 
heart failure). Note however, that both nonfatal 
stroke and any stroke rates were significantly 
lower with intensive compared with standard 
therapy (HR: 0.63, 95% CI: 0.41–0.96, p = 0.03; 
and HR: 0.59, 95% CI: 0.39–0.89, p  =  0.01, 
respectively). On the other hand, serious adverse 
events (mainly hypotension, syncope, bradycar-
dia or arrhythmia, and hyperkalemia) occurred at 
a higher rate with intensive compared to stan-
dard therapy (3.3% vs 1.3%, p < 0.001, respec-
tively); in addition, deterioration of renal 
function was significantly more frequent with 
intensive therapy (p < 0.001).

More recent updates and long term follow-up 
of ACCORD (ACCORDION) demonstrate that 
the difference in blood pressure was not sustained 
resulting in only a 4 mmHg difference in systolic 
blood pressure between group (Fig. 7.1) with a 
resultant elimination of the stroke benefit in the 
intensive group. Hence, there is NO legacy effect 
of blood pressure on outcomes. Additionally, an 
analysis performed after the ACCORD showed a 
major interaction between the intensive glycemic 
control group and the intensive blood pressure 
group, such that people died from hypoglycemia 
and hence, could not be evaluated in the intensive 
blood pressure arm [17]. Looking at the group 
that remained however shows a benefit in the 
lower blood pressure group on cardiovascular 
outcome.

M. Doumas and G. L. Bakris



119

 ADVANCE

The Action in Diabetes and Vascular disease: 
preterAx and diamicroN-MR Controlled 
Evaluation (ADVANCE) trial evaluated the effect 
of combination therapy with an ACE-inhibitor 
and a diuretic on serious vascular events in 
patients with type 2 diabetes mellitus, irrespec-
tive of baseline blood pressure or use of other 
antihypertensive drugs [18]. A total of 11,140 
middle-aged and elderly (mean age: 66  years) 
high-risk participants with long-standing diabe-
tes mellitus (mean duration: 8 years) and rather 
controlled blood pressure (mean baseline blood 
pressure: 145/81 mmHg) were randomly assigned 
to a fixed combination of perindopril and indap-
amide or matching placebo for a mean follow-up 
period of 4.3  years. A significant difference in 
blood pressure levels of 5.6/2.2 mmHg in average 
during the study was observed between the two 
groups. The relative risk of combined macro- and 
micro-vascular events was reduced by 9% (HR: 

0.91; 95% CI: 0.83–1.00, p  =  0.04), while the 
separate reductions in macro- and micro-vascular 
events were similar but not independently signifi-
cant. Of major importance, active therapy was 
associated with a significant survival benefit; the 
relative risk for cardiovascular mortality was 
reduced by 18% (HR: 0.82, 95% CI: 0.68–0.98, 
p = 0.03) and for all-cause mortality was reduced 
by 14% (HR: 0.86, 95% CI: 0.75–0.98, p = 0.03). 
It was estimated that 79 patients need to be 
treated for 5 years with the fixed combination of 
perindopril and indapamide to prevent one death 
in high-risk patients with diabetes mellitus.

 ABCD – Hypertensive Arm

The Appropriate Blood Pressure Control in 
Diabetes (ABCD) hypertensive trial evaluated 
the effects of intensive (diastolic blood pressure 
goal: 75  mmHg) versus moderate (diastolic 
blood pressure goal: 80–89 mmHg) blood pres-
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sure  control, with nisoldipine or enalapril, on the 
incidence and progression of type 2 diabetic 
complications [19]. A total of 470 patients with 
type 2 diabetes mellitus and hypertension were 
randomly assigned to intensive therapy or mod-
erate blood pressure control for 5.3  years. No 
difference were observed between the two 
groups in creatinine clearance changes (the pri-
mary outcome), and the same was evident 
regarding enalapril and nisoldipine therapy. 
Likewise, the progression rates from normo- to 
micro- albuminuria and from micro- to macro- 
albuminuria were similar between the two thera-
peutic strategies (intensive vs moderate) and 
between the two drugs (nisoldipine vs enalapril). 
Furthermore, no differences in diabetic retinopa-
thy and diabetic neuropathy were observed 
between study groups. In contrast, all-cause 
mortality rates were significantly lower with 
intensive compared with moderate antihyperten-
sive therapy (5.5 vs 10.7%, p = 0.037).

 HOT

The Hypertension Optimal treatment (HOT) 
trial assessed the optimum target diastolic blood 
pressure in patients with arterial hypertension 
[20]. A total of 18,790 middle-aged and elderly 
(mean age: 61.5 years) participants with uncon-
trolled hypertension (mean baseline diastolic 
blood pressure: 105  mmHg) were randomly 
assigned to three group with a diastolic blood 
pressure goal of ≤90, ≤85, and ≤80  mmHg, 
respectively. Marked blood pressure reductions 
were achieved (26.2/20.3, 28.9/22.3, and 
29.9/24.3  mmHg, in the three groups, respec-
tively). However, the between group differences 
in achieved blood pressure values were smaller 
than anticipated (achieved mean diastolic blood 
pressure: 85.2  mmHg, 83.2  mmHg, and 
81.1  mmHg, respectively) for a mean of 2 
instead of 5 mmHg. No statistically significant 
differences were observed for the primary and 
secondary outcomes between the three groups. 
The lowest incidence of major cardiovascular 
events occurred at 82.6  mmHg and the lowest 
risk of cardiovascular mortality occurred at 

86.5  mmHg for diastolic blood pressure. Of 
major clinical importance, statistically signifi-
cant benefits with more aggressive antihyper-
tensive therapy were observed among the 1501 
study participants with diabetes mellitus at 
baseline. Major cardiovascular events and myo-
cardial infarctions were halved in the most 
aggressively (≤80  mmHg) than in the least 
aggressively (≤90  mmHg) treated group, and 
cardiovascular mortality was also significantly 
lowered. In detail, compared to the most aggres-
sively treated group, participants in the least 
aggressively treated group had a relative risk of 
2.06 (95% CI: 1.24–3.44) for major cardiovas-
cular events, of 2.01 (95% CI: 0.81–4.97) for 
fatal and nonfatal myocardial infarction, and of 
3.0 (95% CI: 1.28–7.08) for cardiovascular 
mortality, while total mortality and stroke fol-
lowed a trend towards the same direction. 
However, the results regarding patients with 
diabetes mellitus need to be viewed with cau-
tion due to the inherent limitations of subgroup 
analysis; they are, at best, hypothesis generating 
rather than definitive results.

 Landmark Studies in Special 
Populations

Along with studies evaluating blood pressure 
reduction on outcomes in the general population 
of patients with diabetes, some studies evaluated 
the effects of antihypertensive therapy in special 
populations: normotensive individuals (ABCD- 
normotensive arm), patients with isolated sys-
tolic hypertension (SHEP, Syst-Eur), patients 
with prior cerebrovascular disease (PROGRESS), 
and patients with advanced diabetic kidney dis-
ease (RENAAL, IDNT). The findings of these 
studies are very informative and useful for the 
management of diabetic patients in everyday 
clinical practice.

 ABCD – Normotensive Arm

The Appropriate Blood Pressure Control in 
Diabetes (ABCD) trial evaluated the effects of 
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intensive (10 mmHg below the baseline diastolic 
blood pressure) versus moderate (80–89 mmHg) 
diastolic blood pressure control in normotensive 
patients with type 2 diabetes mellitus [21]. It was 
a pilot study focused on nephropathy prevention. 
A total of 480 diabetic patients with normal blood 
pressure (<140/90  mmHg) were randomly 
assigned to nisoldipine or enalapril in the inten-
sive therapy group or matching placebo in the 
moderate therapy group for 5.3  years. Mean 
blood pressure was significantly lower in the 
intensive than in the moderate therapy group 
(128/75 mmHg vs 137/81 mmHg, p < 0.0001). 
The study failed to reach its primary endpoint 
(change in creatinine clearance); there were no 
significant differences in creatinine clearance 
changes and serum creatinine changes between 
the intensive and moderate therapy groups or 
between nisoldipine and enalapril within the 
intensive therapy group. However, the progres-
sion rates from normo- to micro-albuminuria and 
from micro- to macro-albuminuria were signifi-
cantly lower with intensive compared with mod-
erate therapy (p  =  0.012 and p  =  0.028, 
respectively). Intensive blood pressure control 
was associated with less progression of diabetic 
retinopathy (p  =  0.019) and lower stroke rates 
(p = 0.03), irrespective of assignment to enalapril 
or nisoldipine.

 SHEP – Syst-Eur

The Systolic Hypertension in the Elderly 
Program (SHEP) and the Systolic Hypertension 
in Europe (Syst-Eur) trials evaluated the 
effects  of antihypertensive therapy in elderly 
patients with isolated systolic hypertension. 
Chlorthalidone was compared with placebo for 
5  years in SHEP, while nitrendipine was com-
pared to placebo for 2 years in Syst-Eur. A small 
portion of participants in these two trials had 
type 2 diabetes mellitus at baseline: 583/4736 in 
SHEP and 492/4695  in Syst-Eur. In SHEP, the 
absolute risk reduction with active therapy was 
twice as great for diabetic than in nondiabetic 
participants, probably due to the higher cardio-
vascular risk conferred by diabetes mellitus [22]. 

On average, blood pressure was significantly 
lower with active therapy than with placebo by 
9.8/2.2 mmHg in diabetic patients. The relative 
risk reduction with active therapy in diabetic 
participants was 34% for major cardiovascular 
events (RR: 0.66, 95% CI: 0.46–0.94), 54% for 
fatal and nonfatal myocardial infarction (RR: 
0.46, 95% CI: 0.24–0.88), and 56% for major 
coronary heart disease events (RR: 0.44, 95% 
CI: 0.25–0.77), while stroke and all-cause mor-
tality rates moved towards the same direction but 
did not reach statistical significance [22]. In 
Syst-Eur, blood pressure was significantly lower 
with active therapy than with placebo by 
8.6/3.9 mmHg in diabetic participants [23]. The 
morbidity and mortality benefits of active ther-
apy were greater in diabetic than in nondiabetic 
participants. In diabetics, active therapy was 
associated with a relative risk reduction by 70% 
for cardiovascular mortality (95% CI: 19–89), 
by 62% for all cardiovascular events (95% CI: 
19–80), and by 69% for stroke (95% CI: 14–89), 
while the reductions in cardiac events and all-
cause mortality were towards the same direction 
but did not reach statistical significance [23]. It 
has to be acknowledged however once again that 
these findings need to be interpreted with cau-
tion, first because they come from subgroup 
analysis and second because the diabetic sub-
group was rather small in both studies, not per-
mitting for definitive conclusions.

 PROGRESS

The Perindopril Protection Against Recurrent 
Stroke Study (PROGRESS) evaluated the 
effects of antihypertensive therapy (perindopril 
± indapamide) for 3.9  years on stroke in 
patients with established cerebrovascular dis-
ease. Among 6105 study participants, 761 
patients had type 2 diabetes mellitus at base-
line [24]. The risk of recurrent stroke was sig-
nificantly increased (by 35%) in diabetic 
compared to nondiabetic study participants. 
Blood pressure was significantly lower with 
active therapy than with placebo, for a differ-
ence of 9.5/4.6 mmHg in diabetic participants. 
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The relative risk reduction for stroke in dia-
betic patients was 38% (HR: 0.62, 95% CI: 
0.42–0.92) and was slightly greater than the 
reduction in nondiabetic participants (HR: 
0.72, 95% CI: 0.61–0.84). It was estimated that 
16 diabetic patients with prior stroke need to 
be treated with antihypertensive therapy for 
5 years to prevent a recurrent stroke [24].

 Diabetic Kidney Disease Studies

 RENAAL

The Reduction of Endpoints in Non-insulin 
dependent diabetes mellitus with the Angiotensin 
II Antagonist Losartan (RENAAL) trial evalu-
ated the effects of losartan on renal and cardio-
vascular outcomes in patients with type 2 
diabetes mellitus and nephropathy [25]. A total 
of 1513 patients were randomly assigned to 
losartan or matching placebo on top of conven-
tional therapy for a mean follow-up period of 
3.4 years. Study participants were mostly mid-
dle-aged and elderly (mean age: 60 years) with 
rather uncontrolled hypertension (mean base-
line blood pressure: 152/82  mmHg) and were 
diagnosed with diabetic nephropathy. Active 
therapy was associated with a relative risk 
reduction of 16% (95% CI: 2–28, p = 0.02) for 
the primary outcome (a composite of a doubling 
of the baseline serum creatinine concentration, 
end-stage renal disease, or death). Significant 
benefits with active therapy were also observed 
when renal outcomes were assessed separately: 
the relative risk reduction for end- stage renal 
disease was 28% (95% CI: 11–42, p  =  0.002) 
and for doubling of serum creatinine concentra-
tion was 25% (95% CI: 8–39, p  =  0.006). In 
addition, proteinuria was reduced by 35% with 
active therapy (p < 0.001) and the rate of decline 
in renal function was reduced by 18% (p = 0.01) 
in the actively treated study participants. 
Cardiovascular morbidity and mortality was 
similar in the two groups, except for a relative 
risk reduction of 32% (p = 0.005) for heart fail-
ure hospitalization with active therapy.

 Irbesartan Diabetic Nephropathy 
Trial (IDNT)

The (IDNT) evaluated the ability of an angioten-
sin II receptor blocker or a calcium antagonist to 
attenuate the progression of nephropathy in 
patients with type 2 diabetes mellitus and 
nephropathy [26]. A total of 1715 patients with 
diabetic nephropathy and hypertension were ran-
domly assigned to irbesartan, amlodipine, or pla-
cebo for 2.6  years. The mean age of study 
participants was 59.3  years, the mean baseline 
blood pressure was 160/87 mmHg and the mean 
serum creatinine concentration was 1.67 mg/dl. 
The mean blood pressure was significantly lower 
(by 3.3 mmHg) in the two actively treated groups 
than in the placebo group, with no significant dif-
ferences between the two therapies. Irbesartan 
therapy was associated with a significant relative 
risk reduction for the primary outcome (a com-
posite of a doubling of the baseline serum creati-
nine concentration, the development of end-stage 
renal disease, or both) by 20% compared with 
placebo (p = 0.02) and by 23% compared with 
amlodipine (p  =  0.006). When renal outcomes 
were assessed separately, the relative risk reduc-
tion for doubling of serum creatinine levels with 
irbesartan was 33% when compared to placebo 
(p = 0.003) and 37% when compared to amlodip-
ine (p < 0.001). Likewise, irbesartan therapy was 
associated with a 23% lower relative risk for end- 
stage renal disease compared with placebo or 
amlodipine (p  =  0.07 for both comparisons). 
There were no significant differences in the rates 
of cardiovascular outcomes or all-cause mortality 
between the three groups.

 Meta-analyses

During the last decade many meta-analyses have 
been performed evaluating the effects of antihy-
pertensive therapy on cardiovascular and renal 
outcomes in patients with diabetes mellitus. 
Some of them explored optimal blood pressure 
targets in diabetic patients and some others 
sought to identify potential differences between 
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the various categories of antihypertensive drugs. 
Here we summarize the most important meta- 
analyses that specifically addressed the effects of 
antihypertensive therapy in patients with diabetes 
mellitus.

The Cochrane Collaboration meta-analysis by 
Arguedas et al. pooled data from 5 randomized 
studies with more than 7300 participants with 
type 2 diabetes mellitus, and assessed whether 
lower blood pressure targets (<130/85  mmHg) 
are associated with reduction in morbidity and 
mortality compared with standard blood pressure 
targets (<140–160  mmHg) [27]. For this meta- 
analysis, only the blood pressure arm of the 
ACCORD trial satisfied the inclusion criteria for 
systolic blood pressure comparisons, so the find-
ings of the meta-analysis for systolic blood pres-
sure targets are identical with the findings of 
ACCORD-BP and do not favor a lower systolic 
blood pressure goal. Four trials (ABCD-H, 
ABCD-N, ABCD-2 V, and HOT) with more than 
2500 participants fulfilled the inclusion criteria 
regarding the diastolic blood pressure targets. 
There was no statistically significant difference 
between lower and standard blood pressure levels 
in myocardial infarction and in heart failure (RR: 
0.95, 95% CI: 0.64–1.40; and RR: 1.06, 95% CI: 
0.58–1.92, respectively), while a trend towards 
reductions in stroke and all-cause mortality was 
observed with lower blood pressure values (RR: 
0.67, 95% CI: 0.42–1.05; and RR: 0.73, 95% CI: 
0.53–1.01, respectively).

Bangalore et  al. pooled data from 13 
 randomized trials with almost 40,000 partici-
pants with diabetes mellitus or impaired glucose 
tolerance, and assessed the differences between 
intensive (systolic blood pressure <135 mmHg) 
and standard antihypertensive therapy (systolic 
blood pressure <140  mmHg) [28]. Intensive 
blood pressure control (systolic blood pres-
sure < 135 mmHg) was associated with signifi-
cant benefits in stroke and all-cause mortality 
(17% and 10%, respectively; OR: 0.83, 95% CI: 
0.73–0.95 and OR: 0.90, 95% CI: 0.83–0.98, 
respectively), in expense of a 20% increase of 
serious adverse events compared with standard 
therapy (systolic blood pressure <140  mmHg). 

Other macrovascular outcomes (apart from 
stroke) and microvascular outcomes (nephropa-
thy, retinopathy, and neuropathy) were similar 
with intensive and standard blood pressure con-
trol. A continued stroke risk reduction was 
observed with systolic blood pressure levels 
down to 120 mmHg, the adverse events however 
increased by 40% at blood pressure levels 
<130/80 mmHg.

Emdin et  al. pooled data from 49 trials with 
more than 100,000 participants and assessed the 
effects of systolic blood pressure lowering by 
10 mmHg on the relative and absolute risk of vas-
cular events [29]. It was found that each 10 mmHg 
lower systolic blood pressure was associated with 
a significant relative risk reduction by 13% for 
all-cause mortality (RR: 0.87, 95% CI: 0.78–
0.96), by 11% for total cardiovascular events 
(RR: 0.89, 95% CI: 0.83–0.95), by 12% for coro-
nary heart disease (RR: 0.88, 95% CI: 0.80–0.98), 
by 27% for stroke (RR: 0.73, 95% CI: 0.64–0.83), 
by 17% for albuminuria (RR: 0.83, 95% CI: 
0.79–0.87), by 14% for heart failure (RR: 0.86, 
95% CI: 0.74–1.00), and by 13% for retinopathy 
(RR:0.87, 95% CI: 0.76–0.99). The absolute risk 
reduction in events per 1000 patient years was 
3.16 for all-cause mortality, 3.90 for total cardio-
vascular events, 1.81 for coronary heart disease, 
4.06 for stroke, 9.33 for albuminuria, and 2.23 for 
retinopathy. Further analysis revealed that anti-
hypertensive tehrapy reduced the risk for all out-
comes when baseline blood pressure was equal to 
or over 140 mmHg, but reduced the risk only for 
stroke and albuminuria when baseline systolic 
blood pressure was lower than 140  mmHg. 
Likewise, antihypertensive therapy reduced the 
risk for all outcomes when achieved systolic 
blood pressure was >130  mmHg, but reduced 
the  risk only for stroke and albuminuria when 
achieved systolic blood pressure was 
<130 mmHg. Finally, there were no differences 
between the various antihypertensive drug cate-
gories on the outcomes, except for a relative 
superiority of calcium antagonists on stroke and 
of diuretics on heart failure, and a relative inferi-
ority of calcium antagonists and ACE-inhibitors 
on heart failure [29].
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Thomopoulos et al. pooled data from 41 trials 
with more than 60,000 patients with type 2 diabe-
tes mellitus and assessed the effects of blood 
pressure lowering to different systolic and 
 diastolic blood pressure levels by various drugs 
in cardiovascular and renal outcomes [30]. It was 
found that in diabetic patients the standardized to 
a blood pressure difference of 10/5 mmHg rela-
tive risk was reduced by 27% for stroke (RR: 
0.73, 95% CI: 0.63–0.86), by 29% for coronary 
heart disease (RR: 0.71, 95% CI: 0.61–0.81), by 
25% for heart failure (RR: 0.75, 95% CI: 0.64–
0.91), by 23% for cardiovascular mortality (RR: 
0.77, 95% CI: 0.58–1.02), and by 18% for all- 
cause mortality (RR: 0.82, 95% CI: 0.72–0.93); 
the corresponding absolute risk reduction per 
1000 patients for 5 years was 18, 19, 14, 13, and 
18, respectively. An analysis of outcomes accord-
ing to achieved systolic blood pressure (≥140, 
130–140, <130  mmHg) in the treated group 
revealed greater relative risk reduction with 
higher blood pressure levels; the corresponding 
relative risk reductions in the three groups were: 
48%, 24%, and 26% for stroke; 59%, 28%, and 
14% for coronary heart disease, 55%, 23%, and 
18% for heart failure, 44%, 33%, and + 28% for 
cardiovascular mortality, and 21%, 29%, and 
+ 3% for all-cause mortality.

Likewise, the relative and the absolute risk 
reduction were greater with achieved diastolic 
blood pressure  ≥  80  mmHg compared to 
<80 mmHg; the relative risk was reduced by 53% 
and 28% for stroke, 49% and 28% for coronary 
heart disease, 76% and 20% for heart failure, 
58% and 12% for cardiovascular mortality, and 
20% and 18% for all-cause mortality, respec-
tively. In an analysis of the individual antihyper-
tensive categories it was found that diuretics were 
superior for heart failure prevention, beta- 
blockers were inferior for stroke prevention, and 
calcium antagonists were superior for stroke pre-
vention and inferior for heart failure prevention, 
ACE-inhibitors were superior for coronary heart 
disease and heart failure prevention and angio-
tensin receptor blockers were superior for heart 
failure prevention, compared to other antihyper-
tensive drugs. The relative risk for end-stage 
renal disease is reduced by 21% with antihyper-

tensive therapy in diabetic patients and once 
again the greater risk reduction (relative and 
absolute) is observed with higher blood pressure 
values: 44% for achieved systolic blood pressure 
≥140  mmHg and minimal if any for systolic 
blood pressure levels 130–140  mmHg and 
<140 mmHg [30].

Remonti et  al. pooled data from 27 studies 
with almost 50,000 participants with type 2 dia-
betes mellitus and assessed the effects of antihy-
pertensive drug categories on all-cause and 
cardiovascular mortality in patients with diabe-
tes and hypertension [31]. There were no statis-
tically significant differences in either all-cause 
or cardiovascular mortality with any antihyper-
tensive drugs category compared with placebo. 
Likewise, no statistically significant mortality 
differences were observed when antihyperten-
sive drug categories were compared with each 
other. The combination of ACE-inhibitors and 
calcium antagonists was associated with signifi-
cant reductions in cardiovascular mortality 
compared with placebo, beta-blockers, calcium 
antagonists, angiotensin receptor blockers, and 
the combination of diuretics and beta-blockers. 
The combination of ACE-inhibitors with either 
calcium antagonists or diuretics was associated 
with significant reductions in all-cause mortal-
ity compared with the combination of diuretics 
and beta-blockers. However, the benefits of the 
ACE- inhibitor and calcium antagonist combina-
tion might be attributed to the lower blood pres-
sure levels attained in the studies with this 
combination.

One possible exception to the aforementioned 
positive meta-analyses, one showing that systolic 
blood pressures below 130 mmHg did not result 
in fewer cardiovascular events was performed by 
Brunstrom and Carlberg. They pooled data from 
49 trials with almost 75,000 participants with 
type 2 diabetes mellitus and assessed the impact 
of antihypertensive therapy at baseline systolic 
blood pressure >150  mmHg, 140–150  mmHg, 
and <140  mmHg on several outcomes [32]. At 
baseline systolic blood pressure levels 
>150 mmHg, antihypertensive therapy was asso-
ciated with significant mortality and morbidity 
benefits, reducing the risk of all-cause mortality 
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by 11% (RR: 0.89, 95% CI: 0.80–0.99), cardio-
vascular mortality by 25% (RR: 0.75, 95% CI: 
0.57–0.99), myocardial infarction by 26% (RR: 
0.74, 95% CI: 0.63–0.87), stroke by 23% (RR: 
0.77, 95% CI: 0.65–0.91) and end-stage renal 
disease by 18% (RR: 0.82, 95% CI: 0.71–0.94).

At baseline, systolic blood pressure 140–
150 mmHg the benefits of antihypertensive ther-
apy were mostly maintained, with a relative risk 
reduction of 13% for all-cause mortality (RR: 
0.87, 95% CI: 0.78–0.98), 16% for myocardial 
infarction (RR: 0.84, 95% CI: 0.76–0.93), and 
20% for heart failure (RR: 0.80, 95% CI: 0.66–
0.97). At baseline systolic blood pressure 
<140 mmHg, however the benefits disappeared, 
and a 15% increased risk for cardiovascular mor-
tality (RR: 1.15, 95% CI: 1–00-1.32) and a ten-
dency towards an increased risk for all-cause 
mortality (RR: 1.05, 95% CI: 0.95–1.16) were 
observed [32].

 Critical Evaluation

Based on the aforementioned large randomized 
clinical trials, there is no doubt that antihyperten-
sive therapy to levels below 130 mmHg systolic 
offers substantial benefits in patients with diabe-
tes mellitus and hypertension, reducing cardio-
vascular morbidity and mortality and slowing 
renal function deterioration. Given the beneficial 
effects of antihypertensive drugs on macro- and 
micro-vascular complications of diabetes melli-
tus, three burning issues need to be addressed 
from the clinical point of view [33–39], in order 
to facilitate the management of diabetic patients 
in real life practice: (a) when to initiate antihy-
pertensive drug therapy, (b) what is the optimal 
blood pressure goal and (c) which drugs are pre-
ferred for the achievement of these goals in 
patients with diabetes mellitus.

 When to Initiate Antihypertensive 
Therapy

A wealth of evidence from large clinical trials 
demonstrated the benefits of blood pressure 

reduction at blood pressure levels >140/90 
mmHg in patients with diabetes mellitus. 
However, more recent meta-analyses and long 
term follow-up of prospective clinical trials sug-
gests blood pressure levels should be below 
130/80 mmHg with new guidelines recommend-
ing people with >10% 10-year cardiovascular 
risk be treated with lifestyle intervention and 
monotherapy if blood pressure is 130–139 and/
or 85–89 mmHg [13]. The ABCD-normotensive 
trial was woefully underpowered and hence, 
failed to show a benefit. Conversely, the 
ACCORDION study demonstrated in the inten-
sive blood pressure group after censoring the 
intensive glycemic control group had a reduc-
tion in cardiovascular and stroke events. This 
was also born out in 3 other meta- analyses and 
captured in the updated ADA BP guidelines as 
well [10]. Likewise, antihypertensive therapy 
was associated with less progression of dia-
betic retinopathy and nephropathy (progression 
from normo- to micro-albuminuria and from 
micro- to macro-albuminuria) in the ABCD- 
normotensive trial. Note however, that the study 
was underpowered and failed to meet its pri-
mary endpoint (renal function) and to reduce all 
other cardiovascular outcomes (apart from 
stroke). Moreover, the study sample was rather 
small (n = 480), and the definition of normoten-
sion was based mainly on diastolic blood pres-
sure (80–89 mmHg) permitting the inclusion of 
participants with systolic blood pressure up to 
160  mmHg (the mean baseline systolic blood 
pressure was 137 mmHg), suggesting that some 
hypertensive patients were also included.

Indirect evidence from the ADVANCE mega- 
trial (n  =  11,140) revealed significant benefits 
with antihypertensive therapy (a combination of 
ACE-inhibitor and diuretic) on combined macro- 
and micro-vascular events (9% reduction) as well 
as on cardiovascular and all-cause mortality 
(18% and 14% reduction, respectively) [18]. Of 
note, about one sixth of study participants had 
baseline blood pressure levels within the normo-
tensive range (<140/90 mmHg) and the benefits 
on the primary outcome were identical among 
hypertensive and normotensive participants with 
diabetes mellitus (9% reduction for both groups).
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Another factor to consider is the detrimental 
sequelae of elevated blood pressure, now 
Stage  1  hypertension (130–139/85–89  mmHg). 
Accumulating evidence indicates that Stage 1 
hypertension (130–139/85–89  mmHg) is a 
 precursor of more severe hypertension in a large 
proportion of individuals [13, 40]. Further blood 
pressure elevation is more likely in Stage 1 indi-
viduals with obesity and other comorbidities, 
including diabetes mellitus [41]. Even more 
importantly, Stage 1 hypertension is associated 
with increased risk for coronary, cerebrovascular, 
and chronic kidney disease, as well as cardiovas-
cular mortality [42–45].

Collectively, these data while not conclusive 
suggest that the benefits of antihypertensive 
 therapy in patients with diabetes mellitus are 
not  limited in patients with blood pressure 
>140/90 mmHg but extend to people with blood 
pressure levels above 130/80  mmHg if at high 
cardiovascular risk. Therefore, it does seem clini-
cally wise to consider the initiation of antihyper-
tensive therapy in patients with diabetes and 
Stage 1 hypertension who have high cardiovascu-
lar risk (such as the participants in the ADVANCE 
trials) as the new ACC/AHA BP guideline rec-
ommends [13].

 Which Is the Optimal Blood  
Pressure Goal?

The dogma ‘the lower  - the better’ prevailed in 
the hypertension field for several decades, and 
was further re-enforced by the large meta- 
analysis of the Blood Pressure Trialists of more 
than one million individuals showing lower car-
diovascular events at all ages with lower blood 
pressure values [8]. However, concerns regarding 
an excess of cardiovascular events with blood 
pressure reduction over a certain threshold (the 
so-called ‘J-curve’) have been expressed and 
revived by post-hoc analyses of several clinical 
trials, leading to the quest of the ‘sweet spot’, the 
optimal blood pressure levels that are associated 
with the largest reduction of cardiovascular 
events and beyond these levels cardiovascular 
events are increased instead of decreased [33–

39]. However, this holds for people with coro-
nary disease and not the general hypertensive 
population [46]. This is exemplified by a recent 
analysis of the VALUE trial, which demonstrated 
that patients in blood pressure strata 
≥150/90 mmHg, but not those <130/70 mmHg, 
were at increased risk for adverse outcomes in 
this hypertensive, high-risk population; however, 
these were not generally people with diabetes 
[47]. In the ACCOMPLISH trial those with dia-
betes did demonstrate higher cardiovascular 
events and mortality at blood pressure levels 
below 115 mmHg [48].

Current guidelines continue to be aggressive 
and recommend blood pressure reduction to 
<130/80 mmHg in patients with diabetes mellitus 
or anyone with high cardiovascular risk >10% in 
10 years, just like as in other high-risk patients 
(coronary artery disease, stroke, chronic kidney 
disease) [13]. Long term follow-up data from 
ACCORDION further solidify these findings 
now incorporated into diabetes guidelines and 
consensus reports [10].

Older clinical trials (UKPDS, SHEP, Syst- 
Eur, HOT) have clearly established the pro-
nounced benefits of antihypertensive therapy in 
patients with diabetic mellitus [15, 20, 22, 23]. 
However, baseline blood pressure was very high 
in these studies (mean baseline systolic blood 
pressure: 160–175  mmHg) and achieved blood 
pressure was also high, above 140  mmHg  
(mean achieved systolic blood pressure: 144–
153 mmHg). Therefore, these old studies did not 
permit for recommending blood pressure reduc-
tion in diabetic patients with what is now stage 2 
hypertension and blood pressure targets below 
145  mmHg. Of major clinical importance, one 
large clinical trial (ADVANCE), a smaller one 
(ABCD-HT) and one sub-study of a large trial 
(PROGRESS) showed significant benefits with 
further lowering of blood pressure (mean 
achieved systolic blood pressure: 132–
134  mmHg) [18, 19, 24]. Based on these find-
ings, it does not seem clinically unwise to 
consider lowering systolic blood pressure 
between 130 and 140 mmHg in patients with dia-
betes mellitus. Lastly, ACCORDION did achieve 
blood pressure levels well below 130 mmHg for 
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an extended period of time, although in long term 
follow-up blood pressure levels rose such that 
there was only a 4  mmHg difference between 
groups (Fig. 7.1). As a result, the long term ben-
efit of stroke, as seen in the main trial, was lost. 
Thus, blood pressure control does not have a 
legacy effect similar to glycemic control and 
thus, must be maintained for benefit.

The next question pops up immediately: can 
lower blood pressure targets be recommended? 
Recently a large observational study of more than 
185,000 low-risk patients with type 2 diabetes 
mellitus in a Swedish registry revealed that the 
lowest risk of cardiovascular events was observed 
in participants within the lowest decile of systolic 
blood pressure (110–119 mmHg), although over-
all mortality and heart failure was increased in 
this group [49]. The current guidelines focus on 
high cardiovascular risk groups and not low risk 
groups. Moreover, almost all trials of lower blood 
pressure in low risk groups with diabetes have 
failed to show a benefit. The current guidelines 
however, focus on those with >10% 10-year risk 
of cardiovascular event, hence, the data in this 
subgroup is positive for blood pressure levels to 
be below 130/80  mmHg. There are no data or 
guidelines that support lower is better and most 
analyses show increased risk with blood pressure 
levels below 120 mmHg in people with diabetes 
[28, 30, 32].

The cardiovascular benefits of intensive ther-
apy in UKPDS were noticed for each 10 mmHg 
reduction of systolic blood pressure down to 
120  mmHg [50]. In the previously mentioned 
ABCD-normotensive study, the mean achieved 
systolic blood pressure was 128 mmHg and some 
benefits (stroke, urinary albumin excretion) were 
observed [21]. However, the study was small and 
the participants were normotensive at baseline, 
and thus the study is not representative of the 
general hypertensive population. The meta- 
analysis by Emdin et  al. unveiled a significant 
benefit with every 10 mmHg decrease in systolic 
blood pressure [29]. Moreover, the two recent 
high-quality meta-analyses published in the 
Lancet in 2016 point towards lower targets as 
well [51, 52]. The meta-analysis by Xie et  al. 
pooled data from 19 trials with almost 45,000 

patients and found clear cardiovascular benefits 
with intensive blood pressure reduction and the 
greatest benefits were observed in clinical trials 
of high-risk participants, such as patients with 
diabetes mellitus, chronic kidney disease, and 
overt cardiovascular disease [51]. The meta- 
analysis by Ettehad et al. pooled data from 123 
studies with more than 600,000 participants and 
found a 13% decline of total mortality and 
 significant cardiovascular benefits for each 
10  mmHg reduction of systolic blood pressure, 
even at levels <130 mmHg [52].

The most influential study in this field was the 
ACCORD-BP trial [16] but because of an inter-
action (p = 0.03) between the intensive glycemic 
control group and intensive blood pressure group 
failed to meet its primary end-point. This was due 
to a high rate of hypoglycemia resulting in death 
and hence, inability to assess blood pressure lev-
els. As noted earlier the subsequent analysis of 
the intensive group censored showed a strong 
trend for a positive effect in the lower blood pres-
sure group (Fig. 7.2) [17]. Any stroke and non- 
fatal stroke were pronouncedly decreased by 
41% and 37% respectively. In addition, a non sta-
tistically significant trend towards lower nonfatal 
myocardial infarction rates was also observed 
(13% reduction, 95% CI: 0.68–1.10, p = 0.25). 
Can these benefits be neglected at all? Especially 
when one takes into account that stroke is the 
third cause of death with enormous financial bur-
den and social consequences for the patient and 
his/her family.

Of even greater importance, the 2×2 factorial 
design of the study might have influenced the 
findings of the study, since intensively treated 
patients could be treated with either standard or 
intensive glycemic control. And there is some 
evidence that this parameter indeed influenced 
and confused the findings of the study. Among 
participants in the blood pressure arm of the 
study, the relative risk of the primary outcome 
was significantly lower with intensive blood 
pressure therapy (HR: 0.74, 95% CI: 0.55–1.00), 
intensive glycemia therapy (HR: 0.67, 95% CI: 
0.50–0.91), or both (HR: 0.71, 95% CI: 0.52–
0.96) than with combined standard blood pres-
sure and glycemia therapy [17]. Among 
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participants with standard glycemia therapy, 
intensive compared with standard blood pressure 
therapy was associated with a statistically signifi-
cant 56% reduction of stroke (HR: 0.44, 95% CI: 
0.25–0.79); all other secondary outcomes were 
towards the same direction, without reaching 
however statistical significance: 25% reduction 
of any myocardial infarction (HR: 0.75, 95% CI: 
0.52–1.08), 19% reduction of cardiovascular 
death (HR: 0.81, 95% CI: 0.58–1.14), and 19% 
reduction of total death (HR: 0.81, 95% CI: 0.58–
1.14) [17].

The recent findings of the ‘twin-study’ in non- 
diabetic patients, the SPRINT trial, with impres-
sive benefits of aggressive blood pressure control 
down to 120 mmHg add further fuel towards the 
more aggressive management of hypertension 
[53]. Moreover, the substantial survival benefits 

of aggressive therapy in SPRINT were evident in 
participants with pre-diabetes as well, providing 
further indirect evidence favoring lower targets 
[54]. Collectively, data suggesting lower blood 
pressure targets than currently recommended 
(<140/90 mmHg) are not robust and conclusive; 
however the direct cerebrovascular benefits in 
ACCORD-BP and the indirect evidence from the 
post-hoc analysis of the ACCORD-BP by 
Margolis combined with the extrapolations of the 
SPRINT trial pave the way for considering lower 
blood pressure targets in diabetic patients at high 
cardiovascular risk, when these targets can be 
well tolerated by the patients without any symp-
toms or signs of adverse events.

The new guidelines have reverted to very 
strong support for <140/90  mmHg but push for 
<130/80 mmHg in anyone with a >10% 10-year 

Outcome

Major CVD

CVD Death

Any MI

Any Stroke

Macrovasc

Death

Microvasc1

Microvasc2

0.3

Favors Intensive Treatment Favors Std/Std

0.4 0.5 0.60 0.70 8 1.0 1.2 1.5

HR (95% CI) (95% CI) pBP/Gly
Std/Std
Std/Int

N Rate HR
5 Yr

BP Trial

1.0( 9.2% )102
0.011(0.50-0.91)0.87( 8.1% )71

Int/Std 0.049(0.55-1.00)0.74( 8.9% )77
Int/Int 0.025(0.52-0.96)0.71( 6.5% )72

Std/Std
Std/Int

1.0( 2.0% )23
0.251(0.80-1.14)0.82( 1.2% )14

Int/Std 0.224(0.58-1.14)0.81( 1.5% )18
Int/Int 0.575(0.80-1.49)1.09( 2.2% )28

Std/Std
Std/Int

1.0( 5.9% )88
0.019(0.43-0.93)0.83( 3.7% )43

Int/Std 0.119(0.52-1.08)0.75( 4.4% )50
Int/Int 0.007(0.39-0.88)0.58( 3.4% )38

Std/Std
Std/Int

1.0( 2.1% )24
0.054(0.38-1.01)0.81( 1.7% )20

Int/Std 0.006(0.25-0.79)0.44( 1.4% )18
Int/Int 0.011(0.84-1.70)0.48( 1.4% )18

Std/Std
Std/Int

1.0( 23.9% )241
0.030(0.70-0.98)0.83( 20.3% )214

Int/Std 0.070(0.73-1.02)0.88( 19.9% )205
Int/Int 0.124(0.74-1.04)0.88( 21.8% )217

Std/Std
Std/Int

1.0( 4.3%   )51
0.251(0.80-1.14)0.82( 3.4%   )41

Int/Std 0.224(0.58-1.14)0.81( 3.8%   )48
Int/Int 0.575(0.80-1.49)0.08( 5.8%   )87

Std/Std
Std/Int

1.0( 11.1% )118
0.742(0.75-1.24)0.98( 10.7% )118

Int/Std 0.599(0.78-1.27)0.98( 11.1% )115
Int/Int 0.581(0.83-1.38)1.08( 12.2% )122

Std/Std
Std/Int

1.0( 55.9% )398
0.280(0.80-1.08)0.92( 53.8% )381

Int/Std 0.829(0.84-1.11)0.97( 53.4% )384
Int/Int 0.379(0.81-1.08)0.94( 53.8% )387

Fig. 7.2 Five-year event rates comparing the three more intensively treated groups to the standard BP-lowering/stan-
dard glucose-lowering treatment group in ACCORD BP trial
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risk of cardiovascular events [10, 13]. Data from 
observational studies and large randomized con-
trolled trials (mostly subgroup and/or post-hoc 
analyses) also supports the cardiovascular bene-
fits of antihypertensive therapy are maintained at 
lower systolic blood pressure levels, even less 
than 130 mmHg. Therefore, a systolic blood pres-
sure range of 125–130 mmHg might be the appro-
priate blood pressure goal in diabetic patients, if it 
is well-tolerated and devoid of symptoms or signs 
of cardiovascular and/or renal adverse effects.

Whether this systolic blood pressure range is 
the intersection where the greatest cardiovascular 
benefits meet with minimally increased adverse 
events, thus offering the best benefit/risk ratio 
remains to be verified. Moreover, it is of utmost 
clinical importance to identify whether lower 
blood pressure targets are appropriate for all 
patients with diabetes mellitus or different targets 
should be applied according to patient character-
istics: baseline cardiovascular risk (high vs mod-
erate vs low), age (very elderly vs elderly vs 
young), race, renal function, patients at high 
cerebrovascular risk (prior stroke, South East 
Asia, Eastern Europe), etc.

 Which Are the Preferred Drugs?

A wealth of evidence indicates that the main ben-
efits of antihypertensive therapy derive from the 
reduction of blood pressure per se, irrespective of 
the drugs used to attain blood pressure reduction 
[14]. Most guidelines recommend initiating ther-
apy with either a calcium antagonist, a RAS 
blocker or a thiazide-like diuretic [13, 14]. 
Therefore, the main goal of hypertension man-
agement in patients with diabetes should be to 
lower the elevated blood pressure. Another factor 
to consider when first choosing drugs is that 
patients with diabetes need an average of three 
drugs to attain blood pressure control [9, 14]. 
Therefore, the question about the most appropri-
ate first drug is actually deceptive and attention 
should be focused rather on preferred combina-
tions than in first choice agents.

Given that, RAS-inhibitors offer superior 
nephroprotection when compared to placebo or 

other antihypertensive drugs, as shown in IDNT 
and RENAAL in type 2 diabetes mellitus with 
angiotensin receptor blockers [25, 26] and the 
older Collaborative Study Group trial in type I dia-
betes mellitus with ACE-inhibitors [55]. However, 
this class of drugs was used on background diuret-
ics and CCBs in these trials. Therefore, RAS-
inhibitors should be first choice drugs in patients 
with diabetes that have macro- albuminuria or very 
high albuminuria as well as reduced eGFR [10]. 
The newer recommendations do not mandate their 
use in microalbuminuric or normotensive people 
with diabetes. Moreover, RAS-inhibitors are very 
well combined with calcium antagonists and 
diuretics, showing enhanced efficacy, while mini-
mizing the adverse effects of these drugs (ankle 
edema with calcium antagonists, and hypokalemia 
and metabolic alterations with diuretics), and 
should therefore be a component of combination 
therapy in the case that another drug has been 
selected as a first choice agent. This was clearly 
shown in the ACCOMPLISH trial [56].

Beta-blockers are associated with worsening 
of glycemic control and impaired feeling of 
hypoglycemia and should therefore be used in 
diabetic patients only when indicated, such as in 
congestive heart failure, in coronary artery dis-
ease and post-myocardial infarction. Vasodilating 
beta-blockers (carvedilol, nebivolol) do not share 
the adverse metabolic effects of traditional beta- 
blockers [57], as shown with carvedilol in the 
GEMINI trial [58], and could be preferred in dia-
betic patients.

Since the combination of RAS-inhibitors with 
calcium antagonists or diuretics are amongst the 
preferred ones, the question arises whether one of 
them is superior to the other. In the ACCOMPLISH 
trial, the combination of an ACE-inhibitor with a 
calcium antagonist conferred significantly greater 
reduction of cardiovascular events and mortality 
compared with the combination with a diuretic 
[59]. The superiority of a combination with a cal-
cium antagonist was evident in diabetic patients 
as well, and was maintained even in high-risk dia-
betic patients [56]. Moreover, renal events were 
almost halved with this combination compared 
with the diuretic combination [60]. Therefore, in 
diabetic patients who need combination therapy 
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(failure to achieve goal blood pressure with mono-
therapy or very high baseline blood pressure lev-
els), it does not seem clinically unwise to 
recommend the combination of a RAS- inhibitor 
with a dihydropyridine calcium antagonist, unless 
diuretics are indicated or calcium antagonists are 
contra-indicated. When three drugs are needed, 
the combination of a RAS- inhibitor with a cal-
cium antagonist and a diuretic seems the most 
attractive combination from the pathophysiologic 
point of view and is the most widely used combi-
nation in everyday clinical practice.

The combination of two RAS-inhibitors 
(ACE-inhibitors and angiotensin receptor block-
ers) should be avoided. The ONTARGET and the 
VA-NEPHRON trials showed that this combina-
tion not only does not confer any significant ben-
efits but is also associated with increased adverse 
rates [61, 62], including acute kidney injury, a 
worsening of chronic kidney disease progression, 
and a higher incidence of hyperkalemia [63]. 
Similar findings were observed in the Aliskiren 
Trial in Type 2 Diabetes Using Cardiovascular 
and Renal Disease Endpoints (ALTITUDE) with 
the combination of an ACE-inhibitor with a direct 
renin inhibitor [64].

Another factor that needs to be addressed is the 
use of fixed combinations instead of liberal ones. 
The combination of two or even three drugs in 
one pill is associated with increased adherence to 
antihypertensive therapy. A meta-analysis by 
Bangalore et al. showed that adherence to therapy 
is improved by 26% when fixed combinations are 
used instead of liberal ones [65]. Better adherence 
to antihypertensive therapy is associated with sig-
nificant reductions in cardiovascular morbidity 
[66] and significant survival benefits [67].

 Conclusions

A large number of randomized controlled studies 
unequivocally demonstrate the benefits of antihy-
pertensive therapy in patients with diabetes mel-
litus and hypertension. The substantial benefits of 
antihypertensive therapy are also evident in spe-
cial patient populations, such as patients with 
diabetic nephropathy, diabetic patients with iso-

lated systolic hypertension, diabetic patients with 
prior cerebrovascular disease, and in high-risk 
patients. All guidelines for the management of 
hypertension in diabetic patients recommend the 
initiation of antihypertensive therapy when blood 
pressure levels are above 140/90 mmHg and the 
newer ones have set a goal blood pressure of less 
than 130/80 mmHg, without any discrimination 
between diabetic and non-diabetic individuals. 
These recommendations are evidence-based and 
focus more on cardiovascular risk in the context 
of achieving blood pressure goal than just the 
number. Based on all the recent data it seems 
sound to adopt a more aggressive strategy for the 
management of elevated blood pressure in high- 
risk diabetic patients; supporting evidence exists 
and does not seem right to neglect it.
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Chronic Kidney Disease 
and Hypertension

Pedro A. Jose and Van Anthony M. Villar

Hypertension can cause kidney disease and kid-
ney disease can cause hypertension [1]. However, 
hypertension may cause progressive kidney dis-
ease only in genetically susceptible individuals [2, 
3]. According to the National Kidney Foundation 
Kidney Disease Outcomes Quality Initiative 
(KDOQI) guidelines, chronic kidney disease is 
defined as abnormalities of the kidney structure or 
function that is present for ≥3 months (Table 8.1) 
[4, 5]. A surrogate end-point, decline in estimated 
glomerular filtration rate (GFR) of 30–40% over 
2–3 years, has also been suggested as the defini-
tion of chronic kidney disease [6, 7]. The preva-
lence of chronic kidney disease is rising sharply 

worldwide and affects 13.1% of the population in 
the USA [8, 9]. Patients with chronic kidney dis-
ease represent a population not only at risk of pro-
gression to end-organ failure but are also at higher 
risk for cardiovascular diseases, including hyper-
tension [1, 9]. Kidney failure is defined as GFR 
<15 ml/min or on dialysis, as per KDOQI guide-
lines [4, 5]. End-stage renal disease (ESRD), an 
administrative term in the United States, includes 
patients treated by dialysis or transplantation, 
irrespective of the level of GFR [10]. Relative to 
previous years, in 2013, the second most common 
cause of ESRD continues to be hypertension, the 
prevalence of which is about 30% [1, 9]. The inci-
dence of hypertension in patients with kidney dis-
ease increases with decreasing GFR: 18.3% (GFR 
≤90  ml/min/1.73  m2); 41.0% (GFR 60–89  ml/
min/1.73 m2); 71.8% (GFR 45–59 ml/min/1.73m2; 
78.3% (GFR 30–44 ml/min/1.73 m2); and 82.1% 
(GFR < 30 ml/min/1.73 m2) [9]. A recent meta- 
analysis reported that the incidence of hyperten-
sion is 84% in patients with estimated GFR 
<60 ml/min [11].

 History of Kidney Disease 
and Hypertension

In 1808, Thomas I.  Young suggested in his 
Croonian Lecture on the functions of the heart 
and arteries that an increase in the hydrostatic 
pressure of the blood could distend the artery, 
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making it weak and give way [12]. In 1836, 
Richard Bright noted an association between the 
heart and the kidney and that the blood vessels in 
the kidneys are chronically inflamed due to the 
presence of albumin in the urine [13]. In 1914, 
Volhard and Fahr classified kidney diseases into 
three groups, degenerative, inflammatory, and 
arteriosclerotic diseases [14]. They further 
divided nephrosclerosis into the benign and 
malignant form and suggested a role of increased 
blood pressure and inflammation in the patho-
genesis of renal disease [14, 15].

 Role of the Kidney in Hypertension

The kidney is crucial in the long-term regulation of 
blood pressure [16–47]. The kidney controls blood 
pressure by secretion of vasoactive hormones and 
regulation of water and electrolyte balance [16–
30, 41–44]. Inherent renal arterial myogenic 
responses also modify the response of the kidney 
to increased blood pressure [46–49]. Therefore, 
many studies have focused on the abnormal renal 
handling of sodium in the pathogenesis of essen-
tial hypertension [16–30]. Renal sodium transport 
is increased in humans with essential hypertension 
and several animal models of essential hyperten-
sion [16–30]. The impaired renal sodium handling 
in essential hypertension may be the result 
of abnormal regulation of natriuretic and antinatri-
uretic pathways [16–30, 50]. The sympathetic 
 nervous [16–18, 39, 40, 46, 51–53] and renin-

angiotensin systems [16–18, 38, 41, 42, 46, 48] are 
antinatriuretic pathways. Products of arachidonic 
acid metabolism [16, 17, 46, 54], dopamine [16, 
18, 28, 43, 46, 54], endothelin [55, 56], kallikrein-
kinin [50], and nitric oxide [6, 17, 18, 46, 56], 
among others, provide important counter-regula-
tory natriuretic pathways.

Role of the kidney in hypertension: evidence 
from experimental models of hyperten-
sion Direct and indirect measurements (e.g., 
lithium clearance) have shown that sodium and 
fluid reabsorptions in the renal proximal tubule 
and thick ascending limb of Henle are increased 
in several rodent models of essential hyperten-
sion [16–18] (e.g., spontaneously hypertensive 
rat [SHR] [19, 20], Dahl salt-sensitive rat [21, 
22], Milan hypertensive rat [23]) but distal tubule 
mechanisms may also be involved (e.g., Sabra 
hypertensive rat [23, 24]). Abnormal pressure- 
natriuresis is also observed early in the Lyon 
hypertensive rat [25]. Essential hypertension in 
humans is also associated with increased sodium 
transport in the renal proximal tubule and medul-
lary thick ascending limb, although increased 
distal tubular transport has also been reported 
[26–29] . By contrast, monogenic hypertension is 
caused by increased sodium transport mainly in 
the distal nephron [30].

Direct proof of the importance of the kidney in 
the long-term regulation of blood pressure comes 
from renal transplantation studies. Several stud-
ies have shown that the transplantation of Wistar- 
Kyoto (WKY) kidneys into first-generation 
offspring from a cross of WKY and SHRs reduces 
or prevents the increase in blood pressure with 
age; conversely, transplantation of SHR kidneys 
into normotensive rats increases blood pressure 
[31]. Cross-transplantation experiments in genet-
ically hypertensive rats have also demonstrated 
the importance of the kidney and the contribution 
of extrarenal factors to the long-term regulation 
of blood pressure [31–34]. The high blood pres-
sure in the recipients of “hypertensive” kidneys is 
associated with sodium retention [35] and an 
elevated sensitivity of the blood pressure of  
SHRs to sodium intake has been previously 

Table 8.1 Criteria for Chronic Kidney Disease [4, 5]

Markers of kidney 
damage (one or 
more)

Albuminuria (AER 
≥30 mg/24 hr.; ACR ≥30 mg/g 
(≥3 mg/mmol))
Urine sediment abnormalities
Electrolyte and other 
abnormalities due to tubular 
disorders
Abnormalities detected by 
histology
Structural abnormalities detected 
by imaging
History of kidney transplantation

Decreased GFR GFR <60 ml/min/1.73 m2

GFR glomerular filtration rate, AER albumin excretion 
rate, ACR albumin-to-creatinine ratio
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documented [36, 37]. However, the fact that 
transplantation of WKY kidneys into SHRs does 
not always normalize blood pressure supports the 
notion that extrarenal mechanisms may also con-
tribute to the long-term regulation of blood pres-
sure [38]. Subsequent experiments showed that 
the contribution of the kidneys to hypertension, 
even in SHRs, is modified by extrarenal factors 
[39]. One example of an extrarenal contributor to 
blood pressure regulation is the sympathetic ner-
vous system; the sensitivity of blood pressure to 
sodium intake is reduced by neonatal sympathec-
tomy [40]. Cross-transplantation studies in mice 
also suggest that about 50% of blood pressure 
control is renal and about 50% is extra-renal, 
depending on the experimental model [41–43].

Role of the kidney in hypertension: evidence 
from humans with essential hypertension The 
importance of the kidney in the long-term regula-
tion of blood pressure in humans was first sup-
ported by the studies of Curtis et  al. [44]. They 
reported the normalization of blood pressure in 
six African Americans with malignant hyperten-
sion after renal transplantation. Subsequently, 
Guidi et  al. reported that the ability of a trans-
planted “hypertensive” kidney to transmit hyper-
tension was found only in those recipients without 
a family history of hypertension [45]. Surprisingly, 
this did not occur in renal transplant recipients 
with a positive family history of hypertension. 
The authors suggested that recipients with a fam-
ily history of hypertension may have developed 
extra-renal mechanisms that counteract the renal 
pressor effect of the transplanted kidney.

 Does Hypertension Cause Kidney 
Disease?

 Hypertension and Kidney Disease: 
Experimental Evidence

Renal blood flow and GFR are independent of 
renal perfusion pressure over a defined range 
(80–180 mmHg) [46]. An increase in renal perfu-
sion pressure above the upper limits of autoregu-
lation or impaired autoregulation, secondary to 

impaired myogenic constriction, would allow the 
perfusion pressure to damage the renal arterioles 
and glomeruli and subsequently the renal tubules 
[46, 47]. Impaired myogenic constriction has 
been shown in experimental animals and humans 
with hypertension [47–49]. The impaired myo-
genic response in hypertension may be intrinsic 
or secondary to abnormalities in vasoconstrictor 
and constrictor hormones [46, 50].

The Dahl salt-sensitive rat [21, 22], Fawn- 
hooded hypertensive rat [57], Lyon hypertensive 
rat [25], Milan hypertensive rat [23], Sabra hyper-
tension-prone rat [24], SHR [19, 20, 58, 59], salt-
loaded stroke-prone SHR [57], and two- kidney, 
one-clip rat [60–62] are well- characterized models 
of hypertension, and the development of hyperten-
sion and hypertensive kidney damage in many of 
these models has been described. In the SHR, it is 
claimed that the renal damage is pressure-depen-
dent; the vascular damage leads to a loss of auto-
regulation and arterial hypertrophy in the 
juxtamedullary cortex. The early vascular damage 
in the juxtamedullary nephrons causes tubular 
atrophy and interstitial fibrosis which progress 
along the vascular tree out into the outer cortex 
[59]. The similar pattern of renal damage in the 
SHR, salt-loaded stroke- prone SHR, and the non-
clipped kidney after 24 weeks of two-kidney, one-
clip hypertension is suggestive of a common 
genetic pathway [62]. The unclipped kidneys, 
which are exposed to high blood pressure for 
11 weeks, develop glomerular and tubulointersti-
tial injury with tubulointerstitial cell proliferation 
and interstitial monocyte-macrophage infiltration. 
By contrast, clipped kidneys, protected from 
hypertension but with high local renin expression, 
have minimal abnormalities [60]. Attenuating the 
development and severity of hypertension pre-
vents  the development of end-organ damage in 
two-kidney, one- clip hypertensive rat model [61].

 Hypertension and Kidney Disease: 
Clinical Evidence

Many but not all observational studies have shown 
a log-linear increase in the risk of kidney failure 
with high blood pressure levels [63–65], even 
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those in the prehypertension range, especially in 
the elderly [65]. A group of investigators that 
found absence of an association between elevated 
blood pressure and accelerated decline in GFR 
[66] found in another study that ambulatory arte-
rial stiffness, which is calculated from ambulatory 
blood pressure, is an independent risk factor for 
the accelerated age-related decline in GFR [67] in 
a middle-aged white population. In African-
Americans, the risk of blood pressure- related 
ESRD is high, independent of age and sex [68]. 
Genetics may play a role because there is an asso-
ciation of coding variants of apolipoprotein L1 
(APOL1) and mild kidney disease but not cardio-
vascular disease in African-Americans with hyper-
tension [69, 70]. However, APOL1 variants are not 
associated with the longitudinal increase in blood 
pressure [71]. Additional genes are probably 
involved in hypertension causing kidney disease 
and vice versa because there are no APOL1 risk 
alleles in a remote living aboriginal group with 
high rates of chronic kidney disease and hyperten-
sion [72]. Indeed, loss of GSTM1 (glutathione 
S-transferase Mu 1) is associated with accelerated 
progression of hypertensive kidney disease in the 
African American Study of Kidney Disease 
(AASK) [73]. African Americans with both 
APOL1 high-risk alleles and GSTM1 null have the 
highest risk of adverse renal outcomes [74]. Age 
has to be factored in these studies because about 
20% of elderly (≥60 years) hypertensive patients 
without cardiovascular disease have moderate 
decrease in GFR [75]. Whereas hypertension is a 
frequent cause of kidney disease in the adult popu-
lation, in the pediatric population, hypertension is 
usually caused by kidney disease [76]. In the adult 
population, strict blood pressure control many not 
always delay the progression of chronic kidney 
disease to ESRD and could increase the risk of 
death [77–82]. However, in the pediatric popula-
tion, strict blood pressure control delays the pro-
gression of kidney disease [83]. In general, 
non-malignant hypertension is probably not an 
important de novo cause of renal insufficiency but 
rather a promoter of existing kidney disease [84].

Hypertensive nephrosclerosis is a non-specific 
clinical diagnosis given to patients with chronic 
kidney disease, low-level proteinuria, and ele-

vated blood pressure [85]. However, this term is 
all encompassing of kidney diseases with hyper-
tension, including the nephrosclerosis with aging, 
obesity, and atherosclerosis. It has been sug-
gested to use the term “arterionephrosclerosis” as 
the clinical diagnosis of patients with chronic 
kidney disease and elevated blood pressure in 
patients without diabetic disease or known 
genetic cause. In patients with a known genetic 
cause, the term glomerulosclerosis preceded by 
the genetic cause should be used, e.g., APOL1- 
associated glomerulosclerosis [85, 86]. The main 
renal histological finding in nephrosclerosis is 
interstitial inflammatory fibrosis [85]. Oxidative 
stress also participates in the pathogenesis of 
nephrosclerosis, independently of blood pres-
sure, in the SHR [87]. A reactive oxygen species 
scavenging drug, e,g., 3-dimercaptosuccinic acid, 
prevented the nephrosclerosis and rise in blood 
pressure in Dahl salt-sensitive rats [88]. The 
hypertensive nephropathy associated with angio-
tensin II-induced hypertension is due in part to 
oxidative stress and inflammation caused by CC 
chemokine receptor 2 activation [89]. Increased 
sodium chloride intake can cause not only essen-
tial hypertension [18–29] but also inflammation 
[90–95], oxidative stress [96–99], and kidney 
disease [100–103].

 Conclusion

Inflammation and oxidative stress are important 
in the pathogenesis of hypertension and renal dis-
ease [104–108]. Inflammation can cause oxida-
tive stress and vice versa [105, 109]. Sodium 
chloride can cause inflammation, oxidative stress, 
hypertension, and kidney disease [110, 111] (Fig. 
8.1). It is likely that hypertension and kidney dis-
ease can have the same causes, e.g., increased 
sodium intake, products of metabolism,  including 
uric acid [112], inflammation, oxidative stress, 
and environmental pollution [113–116], among 
others.
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 Introduction

Hypertension is a major public health challenge 
and affects 120 million adults in the United 
States. Recent hypertension trial outcomes indi-
cate that further lowering of blood pressure below 
the standard target may reduce mortality [1] 
which is now reflected in the latest treatment 
guidelines that have lowered the target blood 
pressure to 130/80 mmHg [2]. The excess burden 

of hypertension among African-Americans was 
recognized in the early twentieth century and 
largely contributes to the excessive morbidity and 
mortality seen in this population compared to 
other racial/ethnic groups. It is well documented 
that hypertension in African-Americans is more 
prevalent, has an earlier onset, increased severity 
and results in more complications than other pop-
ulations [3]. Despite treatment advances, 
improved access to health care, and similar con-
trol rates across most racial groups, African- 
Americans continue to experience high rates of 
hypertension attributable complications such as 
end stage renal disease (ESRD), heart failure and 
stroke. A comprehensive approach for effective 
management of hypertension in the African- 
American population is crucial to address this 
important health disparity. The pathogenesis, 
new hypertension guidelines and clinical trial 
outcomes related to African-Americans, specifi-
cally the African American Study of Kidney 
Disease and Hypertension (AASK) trial, will be 
discussed in this chapter. The term “African- 
American” or “Black” patients will refer to all 
people of African ancestry living in the USA.

 Epidemiology

Hypertension has been recognized as the  
most potent risk to cardiovascular health of 
African Americans and is the leading cause of 
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cardiovascular and end stage renal disease. The 
recent National Health and Nutrition Survey 
(NHANES) 2011–2012 [4] indicated the age-
adjusted prevalence of hypertension was higher 
among non- Hispanic blacks (42.4%) than non-
Hispanic whites (28%), non-Hispanic Asians 
(24.9%) or Hispanic (25.9%) adults. Relative to 
whites, African Americans have more blood 
pressure elevations above conventional hyper-
tension thresholds (140/90  mmHg), experience 
earlier onset hypertension, manifest greater 
blood pressure elevation (>180/110 mmHg), and 
have more comorbid conditions such as diabetes 
and left ventricular hypertrophy that augment 
risk for poor clinical outcomes [5]. The preva-
lence rates of hypertension are steadily increas-
ing in all racial groups and African women have 
the highest hypertension prevalence at 46.1%, 
compared to black men (44.9%) and non-His-
panic and Hispanic women (30%). Awareness, 
treatment and control rates of hypertension have 
increased over time in all racial groups [6]. The 
hypertension control rate (blood pres-
sure < 140/90 mmHg) was higher among non-
Hispanic whites (55.7%), than non-Hispanic 
blacks (48.5%), non-Hispanic Asian (43.5%), or 
Hispanic (47.4%) adults. Despite some treat-
ment advances, hypertension attributable mor-
bidity and mortality in African Americans 
remain high with 30% more nonfatal stroke, 
80% more fatal stroke, 50% more cardiovascular 
disease, and fourfold more kidney disease com-
pared to other populations [7, 8]. In addition, the 
Coronary Artery Risk Development in Young 
Adults (CARDIA) study, showed that African 
Americans have a 20-fold higher rate of incident 
heart failure before the age of 50 compared to 
White Americans, which is considered directly 
related to hypertension [9]. Further, Black  – 
White differences in hypertension- related hospi-
talization rates increased from 2004 to 2009 
with threefold higher rates among African 
Americans compared to White Americans [10]. 
Overall, hypertension is thought to account for 
50% of the Black-White mortality disparity in 
the USA.

 Pathogenesis of Hypertension

There are no unique risk factors or biomarkers 
for hypertension between racial/ethnic groups. 
However, some pathophysiological mechanisms 
that are etiologically linked to the development 
of hypertension do tend to be disproportionately 
prevalent in selected racial/ethnic groups. In 
2017, Musemwa and Gadegbeku [11] proposed 
that the excess burden of hypertension in African 
Americans is likely due to interactions of biologi-
cal, environmental, and social factors superim-
posed on a genetically-susceptible population 
(Fig. 9.1).

 Roles of Genetic Contribution 
in the Development of Hypertension 
in African Americans

Multiple genetic variations with intermediate 
phenotypes unique to African Americans have 
been extensively identified, but the results are not 
conclusive and not linked to hypertension burden 
in this special population. In a recent study with 
more than 1000 African Americans, a genome- 
wide association study (GWAS) using pathway- 
based analysis identified two potential blood 
pressure regulation candidate genes associated 
with systolic blood pressure, SLC24A4 (sodium/
potassium/calcium exchanger) and CACNA1H 
(a voltage-dependent calcium channel) with rep-
lication of some their findings in a West African 
cohort [12]. Unfortunately, these new results 
could not be replicated in an independent 
Milwaukee cohort of nearly 2500 African 
Americans [13]. The Continental Origins and 
Genetic Epidemiology Network (COGENT) per-
formed the largest blood pressure GWAS includ-
ing individuals of African (29, 000), European 
(69,000), and East Asian (19,000) ancestries and 
found common blood pressure loci across ethnic 
groups [14]. In contrast, the excess burden of 
non-diabetic kidney disease has been explained 
in part by genetic high risk variants in the apoli-
poprotein 1 (APOL1) gene among African 
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Americans [15, 16]. However, there is conflicting 
data whether the APOL1 genetic mutations are 
associated with the increased cardiovascular risk. 
APOL1 risk alleles have recently been linked to 
higher systolic blood pressure and earlier onset 
of hypertension in young African Americans 
prior to the decline in renal function [17], but 
these findings were not duplicated in the AASK 
trial cohort [18]. In summary, these inconclusive 
race-specific findings using the state-of-the-art 
genetic investigational tools did not find unique 
blood pressure regulation genes in African 
Americans and further research is needed to 
explore the complex question.

 Obesity

Body mass index (BMI) positively correlates 
with blood pressure and is well documented in all 
racial/ethnic groups. Obesity is more prevalent in 
African Americans, particularly in African 

American women compared to White or Hispanic 
populations. In obesity, hypertension along with 
dyslipidemia, and insulin resistance often com-
poses a health risk cluster: metabolic syndrome 
which is a significant cardiovascular risk. One in 
six African American women is considered to be 
extremely obese (BMI > 40 kg/m2) and this prev-
alence is almost fourfold higher than that in white 
or Hispanic women [5]. Obesity impacts blood 
pressure through multiple mechanisms including 
increasing sympathetic nerve activity, salt sensi-
tivity, and activation of renal angiotensin aldoste-
rone system (RAAS), and glomerular hypertrophy 
which has been implicated in subsequent renal 
injury [19].

 Salt-Sensitivity

Salt sensitivity is more common in normoten-
sive and hypertensive African Americans than 
the general population. Higher rates of obesity 
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Fig. 9.1 Proposed 
excess burden of 
hypertension in African 
Americans. (Adapted 
from Ref. [12])
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and lower oral potassium intake contribute to 
the excess prevalence of salt sensitivity in this 
population [20, 21]. Both weight loss and 
increases in potassium intake ameliorate salt 
sensitivity with a reversal of the pressor effects 
of sodium in salt sensitive African Americans. 
Importantly, salt sensitivity is linked to a reduced 
dipping in nocturnal blood pressure, microalbu-
minuria, and other pressure related target organ 
injury [22, 23].

 Renin-Angiotensin-Aldosterone 
System

It is well observed that African Americans have 
low circulating levels of renin as well as a lower 
response to monotherapy with angiotensin con-
verting enzyme (ACE) inhibitors compared to 
diuretics. Clinical evidence suggests that low 
renin levels in the circulation reflect high local 
tissue angiotensin II production rather than high 
volume status. Increased tissue angiotensin II 
promotes inflammation and fibrosis in the kidney 
leading to excess salt retention [24, 25]. In a salt- 
sensitive and low-renin African American popu-
lation, urinary angiotensinogen, a marker of 
intra-renal RAAS activation, was associated with 
elevated blood pressure [26]. In addition, circu-
lating the aldosterone level is increased in African 
Americans. Collectively, RAAS activation plays 
an important role in hypertension and pressure- 
related target organ damage that is not reflected 
by hormonal activity in the circulation.

 Vascular Dysfunction

Enhanced peripheral vascular resistance is the 
primary contributor to the maintenance of hyper-
tension. A review of vascular studies in normo-
tensive Black and White individuals concludes 
that African Americans have enhanced adrener-
gic vascular reactivity and attenuated vasodilator 
response [27]. The scientific literature suggests 
the vasodilatory impairment is due to both 
endothelium- dependent and non-endothelium 

-dependent mechanisms. Reduced nitric oxide 
(NO) bioavailability largely contributes to endo-
thelium dependent vasodilation [5]. 
Dysregulation of oxygen derived free radicals, 
and endothelin-1 may potentiate the imbalance 
of vasoactive hormones that leads to elevated 
blood pressure and vascular remodeling [28]. 
Recent evidence suggests that central aortic pres-
sure better reflects the load on target organs than 
brachial pressure. Central pressures are more 
predictive of cardiovascular outcomes and may 
partially explain racial differences in cardiovas-
cular outcomes despite equivalent rates of hyper-
tension control [29, 30]. In an important recent 
study, healthy young black men with similar 
clinical characteristics as young white men, 
including brachial blood pressure, were found to 
have higher central blood pressures, enhanced 
augmentation of central blood pressure, increased 
central arterial stiffness, increased carotid intima-
media thickness, and reduced endothelial func-
tion [31]. Similar findings of greater carotid 
arterial stiffness was observed in the Black popu-
lation of the Atherosclerosis Risk in Communities 
(ARIC) study when compared to the White pop-
ulation at baseline analysis [32]. Therefore, vas-
cular dysfunction occurs earlier and may not be 
clinically apparent in the African American pop-
ulation versus White population. The above find-
ings regarding differences in vasculature may be 
an important clue to the in the cause and conse-
quences of hypertension in African American 
population.

 Social Behavior and Environmental 
Risk Factors

There are many studies linking dietary habits 
and other lifestyle indicators to inadequate 
blood pressure control in the African American 
population [33]. Higher prevalent rates of obe-
sity, excess dietary intake of sodium, and inad-
equate dietary intake of potassium are well 
recognized in African Americans. Physical inac-
tivity rates are higher among the Hispanic and 
African American adults compared to White 
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Americans. The consumption of large amounts 
of alcohol (>210  g/week) is associated with 
higher risk of hypertension in adults, but the risk 
is observed at low to moderate amounts 
(1–209 g/per week) of alcohol in black men in 
high stress environments and with low socio-
economic status [34]. However, a cross-sec-
tional study of NHANES data from 2001–2006 
concluded that health behaviors do not fully 
explain the existing racial disparities in hyper-
tension prevalence and control rate in this spe-
cial population [35].

 Application of Clinical Trial Results 
and Guidelines to African American 
Hypertensive Patients

 African American Study of Kidney 
Disease and Hypertension (AASK) 
Trial

The African American Study of Kidney disease 
and Hypertension (AASK) study [36] was the 
first large scale trial to investigate the effects of 
three different anti-hypertensive drug classes as 
well as the effects of two levels of blood pressure 
(Intensive vs Standard) on decline in kidney 
function in an African American hypertensive 
population with chronic kidney disease using a 
3 × 2 factorial design. The study enrolled 1094 
African Americans aged 18–70 years with hyper-
tensive renal disease (GFR: 20–65  ml/min/per 
1.73  m2) and followed for 3–6.4  years. Open 
label antihypertensive agents were added to the 
groups to reach the blood pressure goal. In 2002, 
final results of the AASK trial showed the ACE 
inhibitor, ramipril, was better than the β blocker, 
metoprolol, or the dihydropyridine calcium chan-
nel blocker (CCB), amlodipine, in slowing glo-
merular filtration rate (GFR) decline in African 
American hypertensive patients with mild to 
moderate hypertensive kidney disease. 
Metoprolol was not different from the amlodip-
ine in the clinical outcomes. Of note, there  
was no difference between the intensive blood 
pressure (MAP: 92 mmHg) and standard blood 

pressure (MAP: 102–107  mmHg) groups in 
regards to the kidney function decline and the 
secondary clinical composite outcome. The sec-
ondary clinical composite end point in the AASK 
trial comprised of a decrease in GFR ≥50%, or 
≤25 ml/min/1.73 m2, ESRD or death. The final 
results from the AASK trial suggest that reduc-
tion in blood pressure to levels below those cur-
rently advocated for cardiovascular risk reduction 
did not provide additional renal protective bene-
fits to African Americans with hypertensive 
nephrosclerosis. This conclusion must be consid-
ered in the setting of the relatively limited follow 
up time period and that only one third of the sub-
jects in the original AASK trial had a urinary pro-
tein excretion >220  mg/g creatinine. The low 
level of urinary protein excretion for the majority 
of subjects would argue against significant loss of 
kidney function over the several years of the clin-
ical trial. In the long-term follow up, AASK trial 
participants were invited to enroll into cohort 
phase after completing trial phase in which blood 
pressure target was less than 130/80 mmHg in the 
intensive blood pressure group and all patients 
were followed up to 8.8–12.2 years [37]. There 
was no significant difference between two blood 
pressure groups in slowing the progression of 
chronic kidney disease and primary outcome 
which includes doubling of serum creatinine and 
ESRD or death. However, in patients with pro-
teinuria ≥220 mg/g, the intensive blood pressure 
control provided significant renal protection in 
this special group of patients as compared with 
standard blood pressure control. Another long 
term (up to 14.4  years) follow up study with 
AASK trial participants [38] found the strict 
blood pressure control did not delay the onset of 
ESRD, but may reduce the relative risk of death 
in African American hypertensive patients with 
chronic kidney disease. Cardiovascular outcomes 
were also studied in AASK trial participants with 
mean follow up of 4.1 years. The cardiovascular 
events rate (cardiac death, myocardial infarction, 
stroke, and heart failure) was not different among 
the three anti-hypertensive drug classes or two 
blood pressure control levels. However, the 
AASK trial was not powered for cardiovascular 
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events thereby limiting conclusions regarding 
intensive versus standard blood pressure regi-
mens [39]. Importantly, the final AASK trial 
results provide the fundamental basis for the use 
of ACE inhibitor in the hypertensive African 
American population with mild to moderate 
chronic kidney disease. The relative superiority 
of the ACE inhibitor as initial therapy in African 
American with non-diabetic kidney disease is 
ironic given the long-hold belief that CCBs were 
preferred anti-hypertensive agents for African 
Americans [40]. The AASK trial findings were 
consistent with renal outcomes in other popula-
tions with non-diabetic hypertensive kidney 
disease.

 Antihypertensive and Lipid-Lowering 
Treatment to Prevent Heart Attack 
Trial (ALLHAT)

ALLHAT trial was the largest hypertensive trial 
in recent years and this study enrolled over 
33,357 hypertensive patients with age >50 years 
and at least one other cardiovascular risk factor 
from 623 North American Centers during 1994 
through 2002 [41, 42] in which 35% of patients 
are African American. The ALLHAT trial was 
designed to determine whether CCB or ACE 
inhibitor is superior to a thiazide diuretic in 
reduction of cardiovascular outcomes. Other 
anti-hypertensive agents were added to achieve 
blood pressure <140/90 mmHg in all groups. The 
final trial results demonstrated the primary car-
diovascular end points (fatal coronary heart dis-
ease and non-fatal myocardial infarction) were 
not different among treatment groups. The 
diuretic, chlorthalidone, was associated with 
greater reductions in blood pressure then the 
ACE inhibitor, lisinopril. Chlorthalidone was 
also associated with a relative reduction in heart 
failure and stroke compared with lisinopril [43]. 
However, the higher stroke risk relative to 
chlorthalidone in the lisinopril group was experi-
enced only in African American patients and  
can plausibly be explained by the lesser blood 

pressure reduction in lisinopril treatment group, 
where systolic blood pressure was on average 
4 mmHg higher. The blood pressure differences 
were likely even larger between the lisinopril and 
chlorthalidone treatment groups in preceding 
study years.

The ALLHAT design employed a rather 
restrictive sequence of treatment scheme, which 
was not practical in clinical practice since African 
American patients with hypertension are more 
required using a diuretic as add on agent for 
hypertension treatment which was not permitted 
in ALLHAT trial. In this high risk population, the 
ALLHAT trial also showed amlodipine was com-
parable to chlorthalidone and lisinopril for the 
renal events rate as well as for an estimated rate 
of decline of renal function in an elderly popula-
tion. This was an unexpected result, because the 
dihydropridine CCBs provide good anti- 
hypertensive therapy but, not renal protective 
effects beyond those anticipated with blood pres-
sure reduction.

 Systolic Blood Pressure 
Interventional Trial (SPRINT)

The SPRINT trial was a latest randomized large 
trial to evaluate the impact of intensive blood 
pressure control (systolic blood pressure < 
120mmHg) vs standard blood pressure control 
(systolic blood pressure < 140  mmHg) on the 
incident cardiovascular, renal and neurological 
outcomes in a diverse population [1]. More than 
9000 non-diabetic patients with cardiovascular 
risk and chronic kidney were enrolled in the trial 
in which 30% participants are African American. 
The trial results revealed intensive blood pressure 
control reduced cardiovascular composite out-
comes by 25% in the high risk patients as com-
pared with standard treatment. These results 
differ from the Action to Control Cardiovascular 
Risk in Diabetes (ACCORD) trial [44] which did 
not see a difference with intensive blood pressure 
therapy in a smaller population with type 2 diabe-
tes. A sub-analysis study [45] further revealed 
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similar treatment benefits exist in African 
American racial/ethnicity groups as compared 
with other racial groups with intensive blood 
pressure management group, although the 
African American population required an aver-
age of 0.3 more medications to achieve the sys-
tolic blood pressure goal of <120  mmHg. The 
above trials highlight the current uncertainty of 
the ideal blood pressure target of hypertension 
treatment. However, the large SPRINT trial dem-
onstrated some beneficial outcomes and no sig-
nificant harm thereby effectively opening the 
door for more aggressive therapy in high risk 
populations such as hypertensive African 
Americans.

 International Society of Hypertension 
in Blacks Consensus Statement 
(ISHIB)

The 2010 International Society of Hypertension 
in Blacks (ISHIB) Consensus panel updated rec-
ommendations for more aggressive hypertension 
therapy than proposed by other guidelines for 
African American population. The ISHIB panel 
endorsed blood pressure target of <135/85 mmHg 
for primary prevention, and <130/80 for second-

ary prevention and initiation of lifestyle modifi-
cations at blood pressure ≥115/75 mmHg [46]. 
The guideline focused on the risk stratified treat-
ment and early use of two drug combination ther-
apy and initial therapy agents with diuretics or 
CCBs.

The optimal blood pressure target of hyper-
tension treatment in general population has been 
debated many years, general population guide-
lines worldwide agree that treatment is war-
ranted for stage 1 hypertension (blood pressure 
≥140/90 mmHg) [47–51]. However, the guide-
lines vary in blood pressure targets in older per-
sons in the general population (Table 9.1). The 
JNC 8 convened an expert panel in 2014 and 
recommended raising the blood pressure target 
in patients >60  years without diabetes and 
chronic kidney disease to 150/90  mmHg [52]. 
The newly published ACC/AHA guideline in 
2017 [2] recommends to relax the blood pres-
sure target to 130/80 mmHg in the general pop-
ulation regardless ages and racial/ethnicity. 
Those new hypertension treatment guidelines 
are consistent with the 2010 ISHIB Consensus 
panel recommendations and endorses target 
blood pressure is <130/80  mmHg in African 
American population with hypertension 
(Table 9.2).

Table 9.1 Comparison of initial drug therapy by race in hypertension consensus panels

Guidelines Initial therapy in non-Blacks Initial therapy in Blacks
ISHIB (2010) – Diuretics or CCB
NICE (2011) <55 years ACEI, ARB; >55 years CCB CCB
ESH/ESC (2013) Any class Diuretics or CCB
AHA/ACC/CDC (2014) Thiazide, ACEI, ARB, CCB –
ASH/ISH (2014) Thiazide, ACEI, ARB, CCB Thiazide or CCB
2014 JNC VIII Thiazide, ACEI, ARB, CCB Thiazide or CCB
CHEP (2016) Thiazide, ACEI, ARB, CCB Thiazide, CCB, ARB, BB if <60 years
AHA/ACC (2017) Thiazide, ACEI, ARB, CCB Thiazide, CCB, ACEI, ARB

Abbreviations: ISHB International Society of Hypertension in Blacks, NICE National Institute for Health and Clinical 
Evidence, ESH/ESC European Society of Hypertension/European Society of Cardiology, AHA American Heart 
Association, ACC American College of Cardiology, CDC United States Centers for Disease Control and Prevention, 
ASH/ISH American Society of Hypertension/International Society of Hypertension, JNC VIII the Eighth Join National 
Committee, CHEP Canadian Hypertension Education Program
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 Conclusion

Despite advances in hypertension treatment, the 
prevalence of hypertension in African Americans 
is higher when compared to other racial/ethnic 
populations. Hypertension develops at an earlier 
age in African Americans than Whites and is 
associated with more severe hypertension related 
complications, including chronic kidney disease, 
end stage renal disease, stroke, heart failure and 
cardiovascular disease. Hypertension may 
account for 50% of the Black-White mortality 
disparity in the USA. Therefore, it is crucial to 
address the unique risks in this specific popula-
tion. The pathogenesis of hypertension in African 
Americans is multifactorial, and a multi-pronged 
approach may be necessary to address hyperten-
sion control. Addressing health disparities, such 
as social and environmental risks, that contribute 
to the development of hypertension in African 
American patients can have an important impact 
on treatment. Modifiable risk factors such as salt 
intake, obesity, and physical inactivity should be 
addressed routinely during clinic visits. Based on 
the latest recommendations, combination drug 
therapy with diuretics and RAAS inhibitors is 

preferred in this special population. It remains to 
be seen whether this population has specific 
genetic predisposition to hypertension. Overall, 
the needs of African Americans are diverse, and a 
comprehensive treatment plan should address 
each of these pathogenetic mechanisms.
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 Introduction

Combination therapy has been successfully tried 
in many trials with hypertensive patients, is 
strongly recommended by international guide-
lines for the management of hypertension and is 
widely used in everyday clinical practice, as it 
seems necessary for achieving the recommended 
goal of blood pressure (BP) values (140/90 mmHg 
in most cases) in the majority of hypertensives 
[1]. It has been associated with better BP control 
and improved cardiovascular outcomes when 
used as initial therapy in newly diagnosed hyper-
tension (HTN) [2, 3]. At least 75% of the overall 
hypertensive population will require combina-
tion therapy in order to achieve BP target [4], 
especially patients with grade 2 or grade 3 HTN 
(systolic BP  >  160  mmHg and/or diastolic 
BP  >  100  mmHg). Indeed, relevant guidelines 
recommend that it should be the first choice for 
individuals in whom BP values are markedly 
above the target (>20  mmHg for systolic or 
>10 mmHg for diastolic BP) or for those at high 

risk for cardiovascular events including diabetics 
[1, 5].

The theoretical basis for combination therapy 
relies on the assumption that, since several mecha-
nisms are involved in the pathophysiology of 
HTN, optimal BP control often requires blockade 
of more than one physiological pathways. 
Moreover, the inhibition of one factor that contrib-
utes to high BP usually triggers a compensatory 
response from another one resulting in inadequate 
BP reduction. Therefore, in most cases it is neces-
sary to target more than one mechanisms, which 
can be achieved only with multiple antihyperten-
sive agents [4]. The main advantage of combina-
tion therapy compared to monotherapy is its 
greater efficacy, since adding a second agent 
results in much larger BP reduction than increas-
ing the dose of the first drug [1, 4, 6]. Furthermore, 
more patients are likely to achieve BP control 
quickly when the initial therapy is a combination 
of antihypertensive agents, which could be benefi-
cial, especially for high- risk individuals [1]. 
Furthermore, combination therapy, when admin-
istered at fixed doses in a single tablet, favors bet-
ter compliance [1, 7–9]. Another advantage is the 
fewer adverse events, probably due to lower doses 
of each agent required for blood pressure control 
and to the fact that one agent may counterbalance 
the side effects of the other. The main disadvan-
tage is that sometimes it is difficult to assess the 
effectiveness and tolerability of each specific 
agent in case treatment changes are needed due to 
inefficacy or adverse events. Additionally, combi-
nation therapy may result in exposing a number of 
hypertensives to an unnecessary agent [1, 5].

According to the European Society of 
Hypertension/European Society of Cardiology 
(ESH/ESC) 2013 Guidelines for the management 
of arterial hypertension, there are five classes of 
first-line antihypertensive agents: thiazide diuret-
ics, angiotensin-converting enzyme inhibitors 
(ACEIs), angiotensin receptor blockers (ARBs), 
calcium channel blockers (CCBs) and beta- 
blockers (BB). All combinations between them 
are considered proper for the treatment of hyper-
tension (with some limitations), except for the 
combination ACEI + ARB [1], which was associ-
ated with significantly worse renal outcomes in 
the ONgoing Telmisartan Alone and in 
Combination with Ramipril Global Endpoint 
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Trial (ONTARGET) [10]. The combination of 
BB and non-dihydropyridine CCB (verapamil, 
diltiazem) should also be avoided due to the risk 
of bradyarrythmias. Moreover, the combination 
of beta-blocker and diuretic should be used with 
caution, if not at all, in patients with metabolic 
syndrome and/or glucose intolerance [1], as there 
is evidence that it increases the onset of diabetes 
mellitus [11–14]. Based on the results of large 
clinical trials, ESH-ESC 2013 Guidelines sug-
gest that the preferred two-drug combinations are 
ACEI  +  CCB, ARB  +  CCB, ACEI  +  thiazide 
diuretic, ARB + thiazide diuretic and CCB + thi-
azide diuretic. In any case, the selection of anti-
hypertensive agents in combination therapy 
should also be individualized, according to each 
patient’s comorbidities, as some drugs have pro-
vided larger benefits in specific conditions [1].

Despite the wide use of combination therapy in 
many randomized controlled trials (RCTs), in 
most of them the second or third agent was added 
after the failure of monotherapy to achieve BP 
control and it was usually not prespecified. Thus, 
most of the available data about the efficacy of 
combination therapy and the comparison between 
different combinations are indirect. Among the 
large number of RCTs in hypertension, two 
of  them are considered to be the landmarks in 
the  comparison of combination therapies in 
terms  of cardiovascular outcomes: the Anglo- 
Scandinavian Cardiac Outcomes Trial (ASCOT) 
[14] and the Avoiding Cardiovascular events 
through Combination therapy in Patients Living 
with Systolic Hypertension (ACCOMPLISH) 
trial. The ACCOMPLISH trial directly compared 
two combinations; the one arm was treated with 
an ACEI and a CCB and the other with the same 
ACEI and a diuretic [15]. In ASCOT, despite the 
fact that the initial treatment in both groups was 
monotherapy (a CCB vs a BB), 78% of the 
patients were on two or more drugs by the end of 
the trial and patients from each arm were  receiving 
the prespecified combinations for at least 50% of 
the time throughout the trial (50% for the 
CCB  +  ACEI regimen and 55% for the 
BB + diuretic regimen) [14]. Taking into account 
that ASCOT was one of the larger RCTs in hyper-
tension, its results, although indirect, had a great 
impact on the use of combination therapies in 
hypertension.

 The ASCOT

The Anglo-Scandinavian Cardiac Outcomes Trial 
was an independent, investigator-led, multi-
center, prospective, randomized controlled trial 
that was conducted from February 1998 to June 
2005  in seven countries (United Kingdom, 
Ireland, Sweden, Norway, Denmark, Finland and 
Iceland). The rationale of the trial was to com-
pare two antihypertensive regimens in the pre-
vention of cardiovascular disease (CVD), one 
composed of the ‘newer’ (for that era) drugs, i.e. 
ACEIs and CCBs, and the other composed of the 
‘older’ drugs, i.e. beta-blockers and thiazide 
diuretics; the BB + diuretic regimen was the most 
frequent combination at that time. Up to then, 
there was a lack of data about the comparison of 
combination therapies in hypertension or the 
clinical benefit obtained from the use of ACEIs 
and CCBs. Moreover, a shortfall in the efficacy of 
antihypertensive therapy to prevent coronary 
heart disease (CHD) had been observed with the 
older drugs, as the rates of reduction of CHD 
incidence achieved in randomized trials were 
remarkably lower than those that had been pre-
dicted from observational data for similar BP 
reduction. An emerging debate was in progress 
about the adverse effects of diuretics and beta- 
blockers that potentially attenuated the benefit 
from their antihypertensive action. On the other 
hand, there were data suggesting that the ‘newer’ 
agents, mainly ACEIs (or ARBs) and, to a lesser 
extent CCBs, might confer benefits ‘beyond BP 
lowering’ due to their pleiotropic actions. 
Thereby, a large trial comparing a regimen com-
posed of a CCB and an ACEI with a regimen 
composed of a BB and a diuretic seemed neces-
sary in order to provide new information in the 
field of treatment of hypertension [16].

ASCOT enrolled 19,257 hypertensive subjects 
aged 40–79 years old with at least three other fac-
tors for CHD; in contrast to most hypertension tri-
als, patients with previous myocardial infarction 
(MI) were excluded. Participants were randomly 
assigned to receive either amlodipine 5–10  mg 
plus perindopril 4–8 mg if required (CCB-based 
regimen, n = 9639) or atenolol 50–100 mg adding 
bendroflumethiazide 1.25–2.5  mg if required 
(BB-based regimen, n = 9618). The second drug 
was added if monotherapy was inadequate to 
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achieve BP control (BP  >  140/90  mmHg). 
Doxazocin was added as a third drug in both 
groups if necessary and further treatment could 
be given according to physicians’ preferences as 
required (Table 10.1). This was the blood-pres-
sure lowering arm (ASCOT- BPLA), which was 
the main part of the study. Patients with total 
cholesterol within the ‘normal’ range 
(<6.5  mmol/l or approximately <250  mg/dl, 
n = 10,305) were further randomized to atorvas-
tatin 10 mg or placebo and that was the lipid low-
ering arm of the study (ASCOT- LLA) [17]. 
Patients were well-matched between groups 
without significant differences in the basic demo-
graphic and clinical characteristics. The primary 
endpoint was non-fatal MI (including silent MI) 
and fatal CHD. The study also had many second-
ary endpoints, the most important of which were 
all-cause mortality, cardiovascular mortality, 
stroke, heart failure (HF), peripheral artery dis-
ease (PAD), new-onset diabetes and develop-
ment of renal impairment.

The ASCOT-BPLA was terminated prema-
turely by the data safety monitoring board after 
5.5  years of median follow-up and 106,153 
patient-years of observation, as patients in the 
calcium channel blocker-based regimen had bet-
ter outcomes. Although the difference was not 
significant, fewer patients in the amlodipine- 
based regimen compared to those in the atenolol- 
based regimen met the primary endpoint [429 vs 
474 events, unadjusted hazard ratio (HR): 0.90, 
95% confidence interval (CI): 0.79–1.02, 
p = 0.1052]. The difference of the two regimens 

in preventing non-fatal MI or fatal CHD would 
probably have achieved statistical significance, if 
the trial had not been terminated prematurely, as 
it was powered for 1150 patients to have such 
events, whereas only 903 had met the primary 
endpoint at the time of the termination of the 
study. Moreover, individuals in the CCB-based 
regimen had significantly better outcomes in sev-
eral crucial secondary endpoints, such as all- 
cause mortality (738 vs 820 deaths, unadjusted 
HR: 0.89, 95% CI: 0.81–0.99, p = 0.025), total 
cardiovascular events and procedures (1362 vs 
1602 events, unadjusted HR: 0.84, 95% CI: 0.78–
0.90, p  <  0.0001), stroke (327 vs 422 strokes, 
unadjusted HR: 0.77, 95% CI: 0.66–0.89, 
p = 0,0003) and incidence of new-onset diabetes 
(567 vs 799 cases, unadjusted HR: 0,70, 95% CI: 
0,63–0.78, p < 0.0001), as shown in Table 10.2 
and Figs.  10.1 and 10.2. The superiority of the 
CCB-based regimen appeared in all 18 subgroups 
of the study, including the subgroup of diabetic 
patients (n = 5137) [14, 18]. Incidentally, ASCOT- 
LLA was also ended prematurely after 3.3 years 
of median follow-up, as the primary outcome was 
significantly lower in the atorvastatin group (100 
vs 154 events, HR: 0.64, 95% CI: 0.50–0.80, 
p = 0.0005 with similar BP values in both groups), 
as well as the secondary outcomes of total 
 cardiovascular events (389 vs 486 events, HR: 
0.79, 95% CI: 0.69–0.90, p = 0.0005), and stroke 
(89 vs 121 strokes, HR:0.73, 95% CI: 0.56–0.96, 
p = 0.024) [17].

The large majority of participants (78%) in 
ASCOT-BPLA were taking at least two antihy-

Table 10.1 Treatment algorithm in ASCOT [14]

CCB-based regimen BB-based regimen
Step 1 Amlodipine 5 mg Atenolol 50 mg
Step 2 Amlodipine 10 mg Atenolol 100 mg
Step 3 Amlodipine 10 mg + perindopril 4 mg Atenolol 100 mg + bendroflumethiazide 

1.25 mg + potassium
Step 4 Amlodipine 10 mg + perindopril 8 mg (2 × 4 mg) Atenolol 100 mg + bendroflumethiazide 

2.5 mg + potassium
Step 5 Amlodipine 10 mg + perindopril 8 mg 

(2 × 4 mg) + doxazosin gastrointestinal transport 
system 4 mg

Atenolol 100 mg + bendroflumethiazide 
2.5 mg + potassium + doxazosin gastrointestinal 
transport system 4 mg

Step 6 Amlodipine 10 mg + perindopril 8 mg 
(2 × 4 mg) + doxazosin gastrointestinal transport 
system 8 mg

Atenolol 100 mg + bendroflumethiazide 
2.5 mg + potassium + doxazosin gastrointestinal 
transport system 8 mg
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pertensive drugs at the end of the study and, 
throughout the trial, patients in the amlodipine- 
based treatment arm were taking amlodipine and 
perindopril for a mean of 50% of the time and 
patients in the atenolol-based treatment arm were 
taking atenolol and bendroflumethiazide for a 
mean of 55% of the time (Table  10.3). Thus, 
although all patients were given monotherapy as 
initial treatment, the prespecified two-drug com-
binations were studied for a large proportion of 

the total patient-years of the trial. As a result, 
ASCOT was the first study to claim that one com-
bination (a CCB plus an ACEI) may be better 
compared to another (a BB plus a diuretic), 
because it was found to be associated with lower 
all-cause and cardiovascular mortality, fewer car-
diovascular events and lower incidence of new- 
onset diabetes [14].

Although it is generally accepted that the main 
objective in the treatment of hypertension is BP 

Amlodipine-based
regimen (n = 9639)

Number
(%)

Primary endpoints

Secondary endpoints

Tertiary endpoints

Post-hoc endpoints

Non-fatal myocardial infarction
(including silent)-fatal CHD

429 (5%) 474 (5%) 0.90 (0.79-1.02) 0.10528-2 9-1

Non-fatal myocardial infarction
(excluding silent)+fatal CHD

390 (4%) 444 (5%) 0.87 (0.76-1.00) 0.04587-4 8-5

Total coronary endpoint 753 (8%) 852 (9%) 0.87 (0.79-0.96) 0.007014-6 16-8

Total cardiovascular events and procedures 1362 (14%) 1602 (17%) 0.84 (0.78-0.90) <0.000127-4 32-8

All-cause mortality 738 (8%) 820 (9%) 0.89 (0.81-0.99) 0.024713-9 15-5

Cardiovascular mortality 263 (3%) 342 (4%) 0.76 (0.65-0.90) 0.00104-9 6-5

Fatal and non-fatal stroke 327 (3%) 422 (4%) 0.77 (0.66-0.89) 0.00036-2 8-1

Fatal and non-fatal heart failure 134 (1%) 159 (2%) 0.84 (0.66-1.05) 0.12572-5 3-0

Silent myocardial infarction 42 (0.4%) 33 (0.3%) 1.27 (0.80-2.00) 0.30890-8 0-6

Unstable angina 73 (1%) 106 (1%) 0.68 (0.51-0.92) 0.01151-4 2-0

Chronic stable angina 205 (2%) 208 (2%) 0.98 (0.81-1.19) 0.83233-9 4-0

Peripheral arterial disease 133 (1%) 202 (2%) 0.65 (0.52-0.81) 0.00012-5 3-9

Life-threatening arrhythmias 27 (0.3%) 25 (0.3%) 1.07 (0.62-1.85) 0.80090-5 0-5

Development of diabetes mellitus 567 (6%) 799 (8%) 0.70 (0.63-0.78) <0.000111-0 15-9

Development of renal impairment 403 (4%) 469 (5%) 0.85 (0.75-0.97) 0.01877-7 9-1

Primary endpoint+coronary
revascularisation procedures

596 (6%) 688 (7%) 0.85 (0.77-0.96) 0.005811-5 13-4

Cardiovasular death+myocardial
infarction+stroke

796 (8%) 937 (10%) 0.84 (0.76-0.92) 0.0003

0.50

Amlodipine-based regimen better Atenalol-based regimen better

0.70 1.00 1.45 2.00

15-4 18-4

Rate per
1000

Number
(%)

Rate per
1000

Unadjusted
HR (95% CI)

p

Atenolol-based
regimen (n = 9618)

Table 10.2 Effect of treatment on all endpoints in ASCOT

Rates per 1000 patient years [14]
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reduction, large controversy and conflicting data 
exist about a possible superiority of some antihy-
pertensive agents over others either in specific 
groups or in the entire population of hyperten-
sives [1]. The results of ASCOT had an important 
impact on clinical practice establishing the 
CCB  +  ACEI combination as a safe, effective, 
well-tolerated and, in many cases, preferable 
combination. Moreover, this trial contributed to 
the cleaning of the suspicion that CCBs are less 
effective than other agents in the prevention of 
CHD in hypertensives [1, 19]. However, diuretics 
were still considered the cornerstone of the treat-

ment of hypertension in the general population, 
as they had been proven beneficial in the preven-
tion of cardiovascular disease. The 
Antihypertensive and Lipid-Lowering Treatment 
to Prevent Heart Attack Trial (ALLHAT), the 
largest trial ever conducted in hypertension, 
where a diuretic was found to be non-inferior, if 
not superior, to an ACEI and a CCB, had just 
been published [20] and diuretics had received a 
‘preferred initial agent’ recommendation from 
the 7th report of the Joint National Committee 
(JNC-7) [21]. As a result, beta-blockers, the main 
component of the regimen, were deemed to be 
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Fig. 10.1 Kaplan-Meier curves of cumulative incidence of fatal and non-fatal stroke (a), total cardiovascular events 
and procedures (b), cardiovascular mortality (c), and all-cause mortality (d) in ASCOT. (Dahlöf et al. [14])
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the factor that was mainly responsible for the 
inferiority of the BB  +  diuretic combination 
either as a separate antihypertensive agent or in 
combination with thiazides. This argument was 
further strengthened by the Losartan Intervention 
for Endpoint Reduction in Hypertension (LIFE) 
trial, which compared an ARB(losartan)-based 
regimen with a BB(atenolol)-based regimen. The 
study reported that the composite primary end-
point of cardiovascular morbidity and death 
occurred in significantly fewer patients in the 
ARB-based treatment group (HR: 0.87, 95% CI: 

0.77–0.98, p  =  0.021) [22]. Relevant meta- 
analyses that were published at that time also 
concluded that beta-blockers were less effective 
than other drugs in preventing cardiovascular 
events in hypertensives [23–25], which is in 
accordance with the results of a recent large 
meta-analysis [26]. On the other hand, it should 
be noticed that (i) other data claim that BBs have 
no significant difference compared to other 
agents in hard clinical endpoints [27, 28],  
(ii) atenolol, a vasoconstrictive BB, was mainly 
used in these studies (including ASCOT); thus, 
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Fig. 10.2 Kaplan-Meier curves of cumulative incidence of new-onset diabetes mellitus in ASCOT. (Dahlöf et al. [14])

Table 10.3 Mean percentage of time on the prespecified treatment regimens in each arm of ASCOT during every year 
of follow-up and throughout the study [14]

Year 1 2 3 4 5 ≥6 All study
Randomised to amlodipine
Amlodipine 88.2 83.1 81.5 80.8 80.0 79.2 82.5
Perindopril 46.2 58.7 61.6 63.4 64.1 64.0 58.5
Amlodipine + perindopril 39.1 49.6 52.2 53.8 54.2 54.2 49.5
Randomised to atenolol
Atenolol 87.4 81.3 78.4 76.4 74.9 73.9 79.4
Bendroflumethiazide 56.6 68.2 69.0 69.3 69.0 68.6 65.7
Atenolol + bendroflumethiazide 49.1 58.0 57.6 57.3 56.4 55.7 54.9
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the effect of vasodilating BBs, which are proba-
bly superior in terms of cardiovascular outcomes 
[1], was not actually assessed.

Many possible explanations were given for the 
findings of the trial. First of all, the amlodipine ± 
perindopril regimen achieved larger BP reduction 
than the atenolol ± bendroflumethiazide regimen. 
Mean BP reduction was 27.5/17.7  mmHg and 
25.7/15.6  mmHg respectively, with an average 
difference of 2.7/1.9 mmHg in BP rates between 
groups throughout the trial (Fig. 10.3). However, 
even though this difference was significant, the 
ASCOT investigators claimed that it was too low 
to explain fully the better outcomes in the CCB- 
based regimen, as similar rates of BP reduction 
generally provide fewer clinical benefits than 
those observed in ASCOT. Thus, they concluded, 
there should be other factors besides better BP 
control that favored the amlodipine ± perindopril 
combination over the atenolol ± bendroflumethia-
zide regimen [14, 29]. On the contrary, data from 
a meta-analysis suggest that the difference of 
2.7/1.9  mmHg may be enough to explain the 
improved outcomes of the CCB  ±  ACEI group 
[30]. Other authors suggested that the dose of 
bendroflumethiazide (1.25–2.5 mg) was too low 
and was the main cause of the inferior antihyper-
tensive effect of this regimen [31]. It was also 

argued that the dose of 100  mg of atenolol 
increased the regimen’s side effects without a 
corresponding benefit in its antihypertensive 
action [32]. Regarding BP values, differences 
between treatment arms were more pronounced 
at the first months of the trial, especially in the 
first 3  months, where the largest differences 
(5.9/2.4 mmHg) were observed (Fig. 10.3). Early 
BP control, especially in high-risk patients, could 
confer an additional benefit, as shown in VALUE 
trial [33], and might be a cause for the better out-
comes in this treatment regimen. Another hemo-
dynamic parameter that probably influenced the 
outcomes is the within-individual BP variability, 
which is considered to be a risk factor for cardio-
vascular events [34]. Blood pressure variability 
was significantly lower in the CCB-based regi-
men; moreover, it decreased over time in the 
amlodipine-based group, while in increased over 
time in the atenolol-based group [35]. In addition, 
patients in the CCB-based treatment group had a 
lower incidence of resistant hypertension, indi-
cating another advantage of this regimen [36].

The association of beta-blockers, diuretics and, 
to a larger extent, their combination with glucose 
intolerance and new-onset diabetes  
mellitus [1, 5] was probably an important factor 
that favored the CCB  +  ACEI combination and 
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contributed to the results of ASCOT. The presence 
of diabetes was significantly higher in the 
BB ± diuretic group at the end of the study (same 
base line incidence of diabetes at both groups) 
[14] and the use of these agents was found to be a 
major determinant of new-onset diabetes in a sub-
sequent analysis [37]. Furthermore, patients in 
this group had significantly higher levels of fast-
ing glucose and triglycerides, higher body mass 
index (BMI) and lower levels of high- density lipo-
protein (HDL), indicating that this regimen exerts 
adverse effects not only on glucose metabolism 
but also on the other components of the metabolic 
syndrome [14]. These findings are in consistency 
with several studies and meta-analyses that have 
demonstrated the dysmetabolic actions of b-block-
ers, diuretics and their combination, especially in 
predisposed patients [12, 13, 38–41]. Beta-
blockers are considered to cause insulin resistance 
and diabetes mellitus through peripheral vasocon-
striction, that diminishes cellular glucose uptake, 
inhibition of lipolysis and blockade of insulin 
secretion from the pancreatic cells [42]. Diuretics 
are believed to play a diabetogenic role through 
hypokalemia, which also reduces insulin secretion 
[5, 43]. On the other hand, ACEIs and CCBs are 
considered not to worsen, or even improve, insulin 
sensitivity [1]. Since diabetes and metabolic syn-
drome increase the risk for cardiovascular mor-
bidity and mortality, the adverse metabolic effects 
of beta- blockers and diuretics may attenuate the 
benefit from their antihypertensive action and 
explain the observed inferiority of their combina-
tion compared to the combination of a CCB plus 
an ACEI in the prevention of cardiovascular dis-
ease. Indeed, the difference in HDL concentration 
was found to have an important impact on the car-
diovascular outcomes between ASCOT treatment 
groups [28]. Regarding beta-blockers, it should 
also be noticed that their diabetogenic action 
seems to be less intense when using vasodilating 
BBs, such as nebivolol, carvedilol and celiprolol. 
Anyhow, ESH-ESC Guidelines recommend that 
BBs, diuretics or their combination should be 
used only as additional drugs and with great cau-
tion in hypertensives with metabolic syndrome, 
while ACEIs, ARBs and CCBs are clearly  
preferable [1].

ASCOT study also reported that participants 
treated with the CCB ± ACEI combination had 
significantly lower rates of renal impairment (403 
vs 469 cases, HR: 0.85, 95% CI: 0.75–0.97, 
p = 0.02) and lower concentrations of creatinine 
[14]. This finding may also be related to the bet-
ter outcomes of this group, as it is well-known 
that chronic kidney disease (CKD) is a major risk 
factor for cardiovascular disease [44] as well as 
for death from other causes. The antiproteinuric 
effect and the nephroprotective properties of 
ACEIs (and ARBs) in both diabetic and non- 
diabetic nephropathy are well established and 
have placed these drugs in the first line of treat-
ment of hypertension in patients with renal dis-
ease and/or proteinuria [1, 45]. Therefore, the use 
of perindopril as a second drug is an obvious rea-
son for the better renal function observed in this 
group. Another factor that probably contributed 
to the higher concentrations of creatinine in the 
atenolol-based regimen is the use of diuretics, 
which can cause renal dysfunction, mainly due to 
depletion of intravascular volume and reduction 
of renal blood flow [46].

ASCOT investigators claimed that the results 
of ASCOT-BPLA may be associated with the dif-
ferences in the outcomes between the two treat-
ment arms of ASCOT-LLA.  Indeed, there were 
numerical differences in the risk reduction pro-
duced by atorvastatin between the amlodipine- 
based and the atenolol-based regimen. The 
primary end point of non-fatal MI and fatal CHD 
was reduced by 53% in the CCB-based treatment 
group compared to placebo vs a 16% reduction in 
the BB-based treatment group (difference 
between risk reductions of borderline signifi-
cance) and total CV events and endpoints were 
reduced by 27% in the CCB-based treatment 
group vs a 15% reduction in the BB-based treat-
ment group (difference non-significant). Thus, it 
was proposed that there might have been a syner-
gistic effect between CCBs, ACEIs or their com-
bination with atorvastatin, a possible and positive 
interaction that inhibits the atherosclerotic pro-
cess, promotes plaque stabilization, improves 
endothelial function and, eventually, enlarges the 
benefit provided by each drug alone. A potential 
synergy between amlodipine and atorvastatin is 
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further supported by the fact that the benefits 
from the use of atorvastatin were observed within 
the first 3 months of the trial, while most patients 
in the CCB-based regimen were still on mono-
therapy with amlodipine [47]. A similar interac-
tion between ACEIs and statins has also been 
reported by a Greek study [48].

Another important issue in ASCOT was that 
significantly fewer serious adverse events attrib-
uted to the antihypertensive therapy were 
observed in the CCB-based treatment arm (2% or 
162 of 9639 patients vs 3% or 254 of 9618 
patients, p < 0.0001), although the total adverse 
events were similar in both groups [14]. Adverse 
events are the most usual reason for treatment 
discontinuation and non-adherence, which is 
very high in hypertension and obviously a risk 
factor for poor BP control [1]. It is a common 
belief among physicians, but as well has been 
demonstrated in clinical trials [49], that adverse 
events are more common with BBs and diuretics 
than with ACEIs and CCBs. Moreover, the most 
frequent side effect of ACEIs, cough, can be eas-
ily managed with the replacement of the ACEI 
with an ARB, which is considered an equivalent 
drug in most cases, while the most frequent side 
effect of CCBs, peripheral edema, is largely 
attenuated when a CCB is combined with an 
ACEI [1, 4, 50, 51]. Even if compliance with 
treatment has not been reported to be different in 
the two groups of the ASCOT, since adherence is 
generally high in clinical trials due to close fol-
low- up, in real life this is an essential issue which 
may justify a preference for ACEIs (or ARBs) 
and CCBs.

In addition to the above findings directly 
extracted from ASCOT, it seems likely (but not 
certain) that the so-called pleiotropic actions of 
the ‘newer’ drugs exerted a beneficial effect 
‘beyond BP lowering’ in the respective treatment 
arm. There are many data suggesting that ACEIs 
and CCBs have anti-atherogenic and cardiopro-
tective properties and they are probably more 
effective than beta-blockers and diuretics in the 
prevention or delay of several forms of cardiovas-
cular disease. This refers mostly to ACEIs due to 
their ability to inhibit the renin-angiotensin- 
aldosterone system (RAAS) [52–54]. Treatment 

with ACEIs has been associated with improved 
outcomes in many trials, e.g. the Heart Outcomes 
Prevention Evaluation (HOPE) study, where 
ramipril reduced cardiovascular events in high- 
risk patients independently of the presence of 
hypertension (reported BP reduction attributable 
to ramipril 3–4/1–2 mmHg) [55], supporting the 
‘benefits beyond BP lowering’ hypothesis. 
Similar anti-atherogenic actions have been attrib-
uted to CCBs, mainly amlodipine [56, 57], 
though to a lesser extent. Combination therapy 
with ACEI + CCB could provide additional ben-
efits in vascular function [54, 58, 59]. Therefore, 
it is reasonable to assume that the vasoprotective 
and cardioprotective properties of ACEIs and 
CCBs contributed to the better cardiovascular 
outcomes in the group treated with this regimen.

 ASCOT Sub-studies

Concurrently with ASCOT, several other sub- 
studies were conducted providing further possi-
ble explanations for the results of the main study. 
The Conduit Artery Function Evaluation (CAFE) 
study was a sub-study that examined the effect of 
the antihypertensive regimens given in ASCOT 
on the morphology of the aortic pressure wave-
form, central aortic pressures, augmentation 
index (AIx) and other hemodynamic indexes 
(n = 2199 patients already recruited in ASCOT) 
[60]. The aortic pressure waveform is a compos-
ite of a forward pulse wave created by ventricular 
contraction and a reflected wave coming from the 
periphery of the arterial tree. Two peaks of the 
aortic pressure waveform can be identified: the 
first peak due to the forward wave and the second 
peak due to the composition of the forward and 
the reflected wave, which represents the central 
aortic systolic pressure [1]. AIx is defined as the 
ratio of the difference between central aortic sys-
tolic pressure and pressure at the first peak of the 
aortic pulse wave to central aortic pulse pressure 
The CAFE study demonstrated that, while bra-
chial systolic blood pressure was reduced to a 
similar extent in both treatment arms, there was a 
significantly larger reduction in central aortic 
systolic blood pressure, central aortic pulse 

N. Magkas et al.



165

 pressure and augmentation index in the 
CCB ± ACEI treatment arm (Table 10.4). These 
results were consistent with time throughout the 
trial and correspond with other studies that have 
reported a more beneficial effect of angiotensin-
converting enzyme inhibitors and calcium chan-
nel blockers on central aortic pressures compared 
to beta- blockers and diuretics [61–65]. 
Furthermore, the inferiority of atenolol-based 
regimen in reducing central pressures persisted 
even if vasodilating drugs were added, suggest-
ing that all combinations that include atenolol are 
less effective in improving central hemodynam-
ics. The CAFE Investigators proposed that, first, 
ACEIs and CCBs reduce the pressure of reflec-
tion waves through vasodilation and, second, the 
slower heart rate due to beta-blockade prolongs 
the systolic ejection time, delays the peak of the 
forward wave and therefore increases the proba-
bility that the reflected wave will augment the 
systolic aortic pressure. Moreover, central aortic 
pulse pressure was found to be significantly asso-
ciated with a post hoc–defined composite out-
come of total cardiovascular events and worsening 
of renal function in the patients of CAFE study, 
indicating that the larger improvement in hemo-
dynamic indexes with the amlodipine-based regi-
men may provide an explanation for the improved 
clinical outcomes observed in this group at the 
main study [60]. This is in accordance with the 
mechanistic point of view that central pressures 
represent the actual hemodynamic load imposed 
on heart, kidneys, brain and large arteries more 
reliably than brachial BP as well as with other 
studies and meta-analyses, at which central 

hemodynamics have been independently associ-
ated with cardiovascular and all-cause mortality 
[66, 67].

Patients in the CCB  ±  ACEI regimen were 
also found to have better cardiac diastolic func-
tion (assessed by conventional and tissue Doppler 
imaging echocardiography) compared to patients 
in the BB ± diuretic regimen according to another 
ASCOT sub-study with 1006 patients [68, 69]. 
This could be another factor that favored the 
CCB  ±  ACEI regimen, although the secondary 
endpoint of heart failure was only numerically 
and not significantly lower in this group [14]. 
This sub-study had an important limitation, as 
base-line echocardiographic data were not avail-
able, however, several indexes of diastolic func-
tion were better in the amlodipine-based regimen 
as well as the rates of brain natriuretic peptide 
(BNP). The explanation of these findings is not 
clear since significant regression of left ventricu-
lar hypertrophy (LVH) was observed in both 
groups, but the anti-fibrotic action of ACEIs 
through the suppression of RAAS might have 
played a role [68, 69].

During ASCOT, ambulatory blood pressure 
monitoring (ABPM) was performed in 1905 par-
ticipants in order to assess the impact of the treat-
ment regimens on ambulatory BP and whether 
ambulatory BP values were related to cardiovas-
cular outcomes. Daytime BP was slightly higher 
in the amlodipine-based treatment arm (by 
1.1/1.6  mmHg), night-time systolic BP was 
higher in the atenolol-based treatment arm by 
2.2 mmHg and 24-h systolic BP was similar in 
both groups [70]. In accordance with other 

Table 10.4 Central pressures and other hemodynamic indices in the two treatment groups of the CAFE study [62]

Parameter Atenolol Amlodipine
Difference 
(atenolol-amlodipine) p value

Peripheral SBP, mm Hg 133.9 (133, 134.7) 133.2 (132.5, 133.8)    0.7 (−0.4, 1.7)  0.2
Peripheral DBP, mm Hg  78.6 (78.1, 79.1)  76.9 (76.4, 77.4)    1.6 (0.9, 2.4) <0.0001
Peripheral PP, mm Hg  55.3 (54.6, 56)  56.2 (55.6, 56.9  −0.9 (−1.9, 0)  0.06
Heart rate, BPM  58.6 (58, 59.2)  69.3 (68.6, 69.9) −10.7 (−11.5, −9.8) <0.0001
Central SBP, mm Hg 125.5 (124.7, 126.3) 121.2 (120.5, 121.9    4.3 (3.3, 5.4) <0.0001
Central DBP, mm Hg  79.1 (78.6, 79.6)  77.8 (77.3, 78.3)    1.4 (0.6, 2.1)  0.0002
Central PP, mm Hg  46.4 (45.7, 47.1)  43.4 (42.8, 44)    3.0 (2.1, 3.9) <0.0001
Augmentation index, %  31.9 (31.3, 32.4)  25.3 (24.8, 25.9)    6.5 95.8, 7.3) <0.0001
Augmentation, mm Hg  15.4 (14.9, 15.8)  11.5 (11.2, 11.9)    3.8 (3.3, 3.4) <0.0001
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reports [71], higher nocturnal SBP was signifi-
cantly associated with worse cardiovascular out-
comes to a larger extent than clinic BP or daytime 
BP, concluding that this might have contributed 
to the results of the whole ASCOT study in favor 
of the CCB  ±  ACEI treatment arm. The lower 
rates of nocturnal BP in these patients were 
attributed to the longer half-life time of amlodip-
ine [70]; CCBs are generally considered to 
achieve a more uniform blood pressure control 
compared with other agents [1].

Another ASCOT sub-study with 720 patients 
showed favorable results of the amlodipine-based 
regimen in indexes of retinal microcirculation 
compared to the atenolol-based one. These find-
ings may reflect a beneficial impact of this regi-
men on the microvasculature in total, mainly 
through vasodilation and regression of small 
arteries remodeling. Impaired microcirculation 
results in reduced blood flow and is associated 
with target-organ damage and cardiovascular 
morbidity, while other data suggest a possible link 
between microvascular with macrovascular dis-
ease. Thus, the improvement in indexes of retinal 
microcirculation, which serve as markers of better 
function of microvasculature, may be a therapeu-
tic target and the results of this sub-study indicate 
another potential advantage of the CCB ± ACEI 
regimen compared to the BB ± diuretic regimen 
in the main ASCOT study [72].

Although irrelevant with the comparison of 
combination therapies, ASCOT also provided 
valuable information about the treatment of 
hypertension with antihypertensive agents 
beyond the five main classes, i.e. ACEIs, ARBs, 
CCBs, BBs and diuretics. Doxazocin, an alpha- 
blocker, and spironolactone, a mineralocorticoid 
receptor antagonist (MRA) were successfully 
used as add-on therapies when BP target was not 
obtained with the prespecified two-drug combi-
nation. Doxazosin was, by design, the third drug 
to be added if BP was uncontrolled and 10,069 
participants were treated with it. Doxazosin 
appeared to be well-tolerated, safe and effective. 
Ιt produced a mean BP reduction of 
11.7/6.9 mmHg with relatively low rates of dis-
continuation (7.5%) [73]. Most importantly, the 
association of the use of doxazosin with heart 

failure, which was observed in ALLHAT [74] and 
was the main concern for this drug, was not con-
firmed, as the rates of HF were low in this popu-
lation [73]. Furthermore, ASCOT contributed to 
the establishment of MRAs as additional therapy 
in resistant hypertension, since spironolactone, 
which was used as fourth-line therapy (1411 
patients with a dose of 25–50 mg), was as well 
safe and effective. It provided even larger mean 
BP reduction (21.9/9.5 mmHg) with low rates of 
discontinuation and adverse events [75]. Of 
course, these data are non-randomized and not 
placebo-controlled and should be interpreted 
with caution. Nevertheless, they are useful for the 
selection of the most appropriate combination in 
cases of resistant hypertension.

Finally, an important sub-study of ASCOT 
evaluated the response of patients of different 
ethnicities and the results were interesting, 
despite the important limitation that the large 
majority of patients (>90%) were whites. While 
the response to amlodipine monotherapy and to 
the addition of diuretic (on top of atenolol) were 
similar in all groups, blacks showed a lower 
response to beta-blocker monotherapy and blacks 
and South Asians showed a lower response to the 
addition of perindopril (on top of amlodipine). 
Lower activation of the RAAS and larger plasma 
volume are the proposed mechanisms for these 
findings [76]. These results are in accordance 
with other studies, such as ALLHAT [77], and 
international guidelines that recommend CCBs 
and diuretics to be preferred in black hyperten-
sives [1, 45, 78].

 The ACCOMPLISH Trial

The ACCOMPLISH trial is considered the sec-
ond (after ASCOT) landmark trial in the compari-
son of combination therapies in hypertension. It 
was a multicenter, prospective, randomized, dou-
ble-blinded, controlled trial that was conducted 
from October 2003 to January 2008 in five coun-
tries (United States of America, Denmark, 
Norway, Sweden and Finland). The trial recruited 
11,506 hypertensive patients at high risk for car-
diovascular events, i.e. with a history of CHD, 
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stroke, peripheral artery disease, renal disease, 
diabetes mellitus or LVH.  The ACCOMPLISH 
trial was the first trial to compare directly two 
combinations of antihypertensive agents, since a 
two-drug regimen was the initial treatment for all 
participants. Patients were randomly assigned to 
receive either benazepril 20–40 mg plus amlodip-
ine 5–10  mg (n  =  5744 patients) or benazepril 
20–40 mg plus hydrochlorothiazide 12.5–25 mg 
(n = 5762 patients) in order to achieve BP con-
trol. If two-drug therapy failed to achieve BP 
control, other classes of antihypertensive agents, 
such as beta-blockers, alpha-blockers, clonidine 
or spironolactone, were added. Mean age was 
68 years old, 60.4% of participants were diabet-
ics; baseline BP rates and basic demographic and 
clinical characteristics were similar in both 
groups. The primary endpoint was a composite of 
cardiovascular events and death from cardiovas-
cular causes [15]. The rationale of the study was 
to compare the efficacy of two combinations that 
were composed of the three most widely used 
classes of antihypertensive agents at that time: 
angiotensin-converting enzyme inhibitors, cal-
cium channel blockers and thiazide diuretics. 
Beta-blockers had fallen back in the treatment of 
hypertension in the light of data (including 
ASCOT) that were questioning their ability to 
prevent cardiovascular disease to the same degree 
with the other drugs. Diuretics were still consid-
ered a first-line antihypertensive agent, as they 
had proven their efficacy in several trials, includ-
ing ALLHAT, where a diuretic was found to be 
non-inferior, if not superior, compared to an 
ACEI and a CCB [22]. ACEIs and CCBs appeared 
as the new, attractive, safe and effective drugs 
with the possible benefits beyond blood pressure 
lowering, at least at specific populations (espe-
cially the ACEIs). Therefore, a comparison of an 
ACEI + CCB vs an ACEI + diuretic combination 
seemed a reasonable aim for a large study [15] 
and a direct test of the JNC-7 recommendation of 
a diuretic as a preferred agent for initial treatment 
(either as monotherapy or in combination ther-
apy) in hypertensive patients [21, 79].

Similarly to ASCOT, the ACCOMPLISH trial 
was ended prematurely by the data and safety 
monitoring committee after a mean follow-up of 

3 years, as there was a difference in the outcomes 
between the two treatment groups that exceeded 
the boundary of the prespecified stopping rule. 
Significantly fewer patients in the benazepril plus 
hydrochlorothiazide group had a primary- 
outcome event compared to the benazepril plus 
amlodipine group (552 patients or 9.6% vs 679 
patients or 11.8%), representing a relative risk 
reduction of 19.6% (HR:0.80, 95% CI: 0.72 to 
0.90, p < 0.001), as shown in Fig. 10.4. Regarding 
the components of the primary endpoint, patients 
in the ACEI + CCB group had significantly fewer 
MIs (HR: 0.78, 95% CI: 0.62–0.99, p = 0.04) and 
coronary revascularization procedures (HR: 0.86, 
95%CI: 0.74–1.00, p = 0.04) and there was also a 
trend towards fewer cardiovascular deaths (HR: 
0.80, 95% CI:0.62–1.03, p = 0.08), which would 
probably have achieved statistical significance if 
the study had not been terminated prematurely 
(Fig. 10.5). The difference in all-cause mortality 
was non-significant (HR: 0.90, 95% CI:0.76–
1.07, p = 0.24). In contrast to ALLHAT, the rate 
of hospitalization for heart failure was similar in 
the diuretic-based and the CCB-based regimen 
(HR:1.04,95% CI: 0.79–1.38, p  =  0.77). These 
results were observed in both diabetics and non- 
diabetics and in both younger and older patients 
of the study. The difference between the two 
groups in mean BP values was small, i.e. 
0.9 mmHg for systolic BP and 1.1 mmHg for dia-
stolic BP, both in favor of the ACEI + CCB group 
(131.6/73.3  mmHg in the ACEI + CCB group 
and 132.5/74.4  mmHg in the ACEI + diuretic 
group). The majority of participants in both 
groups (approximately 70%) were on the 
 prespecified treatment regimen at the end of the 
study and 32.3% of patients received additional 
antihypertensive agents. It is noteworthy that 
approximately 75% of patients of both groups 
achieved BP control (defined as 
BP < 140/90 mmHg), which is the best rate ever 
seen in a large trial, while only 37.3% had their 
BP controlled at the beginning of the study [15]. 
The high rates of BP control partially explain the 
relatively low, compared to other trials, rates of 
cardiovascular events at a high-risk population 
and indicate the value of achieving BP targets in 
terms of CVD prevention [80].
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Τhe ACCOMPLISH trial was actually a com-
parison between a CCB (amlodipine) and a 
diuretic (hydrochlorothiazide) as add-on drugs to 
an ACEI-based regimen. Up to then, no study  
had ever shown a superiority of a CCB-based 
over a diuretic-based regimen [1]. Thereby, the 
ACCOMPLISH results had an important impact 
on the emerging debate about which regimens are 
more beneficial, especially in high-risk individu-

als, and whether diuretics should remain a pre-
ferred choice for initial treatment.

There is general agreement that the findings of 
ACCOMPLISH cannot be attributed to the differ-
ence in the mean BP between the two treatment 
arms, which was rather small (0.9/1.1  mmHg), 
though still statistically significant (Fig.  10.6). 
Additionally, a sub-study of ACCOMPLISH with 
573 patients demonstrated that there were no 
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major differences in 24-h mean blood pressure 
between treatment arms; in fact, the small 
 differences observed were in favor of the 
hydrochlorothiazide- based regimen [81]. It is not 
clear whether the higher percentage of BP control 
achieved in the ACEI+CCB group (75.4% vs 
72.4%) contributed to the results or whether the 
numerically but non-significantly lower rate of 
drug discontinuation in the same group (28.8% vs 
31.2%) affected treatment compliance and conse-
quently the observed outcomes [15]. Some 
authors suggested that the choice of hydrochloro-
thiazide as component of the ACEI + diuretic 
regimen might have favored the ACEI + CCB 
combination, since chlorthalidone was the 
diuretic used in the large trials, e.g. the ALLHAT 
[20] and the Systolic Hypertension in the Elderly 
Program (SHEP) trial [82] that established this 
class of agents as first-line treatment in hyperten-
sion. It was also claimed that, since chlorthali-
done is twice as potent (mg for mg) as 
hydrochlorothiazide and it was used at the dose of 
12.5–25 mg in ALLHAT and SHEP, the dose of 
hydrochlorothiazide 12.5–25  mg used in 
ACCOMPLISH was suboptimal and might have 
underestimated the antihypertensive effect of this 

drug. Moreover, hydrochlorothiazide has a shorter 
half-life time compared to either chlorthalidone 
or amlodipine, which was used in the other treat-
ment arm of ACCOMPLISH, thus, it is probably 
less effective in lowering BP throughout the full 
24-h dosing period [58, 83]. The ACCOMPLISH 
Investigators argued that the choice of hydrochlo-
rothiazide at the dose of 12.5–25  mg reflected 
broad clinical practice, as it is the most commonly 
prescribed thiazide diuretic, and that the antihy-
pertensive effect of the drug was adequate, since 
the differences in mean BP and 24-h ambulatory 
BP were small [15, 81].

Other authors indicated that the fact that a 
large proportion of the participants had a history 
of coronary artery disease favored the amlodipine- 
based regimen due to the anti-ischemic actions of 
this agent [80]. Indeed, events from the coronary 
vasculature were significantly fewer in this treat-
ment group. Nevertheless, this benefit was not 
limited in the reduction of coronary revasculariza-
tion procedures, where CCBs were already known 
to be useful as first-line treatment of stable angina 
[84], but was extended to the incidence of myo-
cardial infarction, whose rate was as well signifi-
cantly lower in the amlodipine- based group [15].
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Similarly to ASCOT, the superiority of the 
CCB  +  ACEI combination in ACCOMPLISH 
was attributed to physiological actions of the 
treatment regimens beyond BP lowering. Since 
an ACEI (benazepril) was contained in both treat-
ment regimens of ACCOMPLISH, the debate 
was mostly referring to the physiological effects 
of a CCB (amlodipine) and a diuretic (hydrochlo-
rothiazide) either when added to an ACEI or as 
separate agents. There is evidence suggesting 
that CCBs have vasoprotective and anti- 
atherosclerotic properties [56, 57], which might 
be more intense when these agents are combined 
with ACEIs [54, 58, 59], while diuretics are con-
sidered to have limited, if any, nonhemodynamic 
vascular benefits [15, 85]. Furthermore, diuretics 
exert metabolic adverse effects as they cause 
hypokalemia and other electrolytic disturbances, 
that may result in severe arrhythmias and worse 
prognosis [86], impair glucose and lipid metabo-
lism and increase serum uric acid levels [12, 41, 
87]. Diuretics also stimulate the RAAS through 
intravascular volume contraction [4], resulting in 
exposure of heart and vessels to the deleterious 
consequences of RAAS activation [52, 53]. These 
adverse effects may attenuate the benefit from 
their antihypertensive action [88] and could be 
partially responsible for the shortfall in the pre-
vention of CHD with antihypertensive treatment 
that was observed in the first hypertension trials, 
where diuretics and BBs were mainly used [16]. 

It was also stated that when baseline BP levels 
are near to target, such as in ACCOMPLISH 
(mean baseline BP levels approximately 
145/80  mmHg), benefits from BP lowering are 
expected to be reduced compared to populations 
with higher baseline BP levels, therefore adverse 
effects from antihypertensive therapy will be 
more apparent [88].

Some other factors that contributed to the 
results of the ASCOT were also present at the 
ACCOMPLISH trial. A prespecified secondary 
renal endpoint, defined as doubling of serum cre-
atinine or progression to end-stage renal disease 
(ESRD), was significantly worse in the diuretic- 
based regimen (3.7% vs 2.0% of patients, HR: 
0.52, 95% CI: 0.41–0.65, p < 0.0001-Table 10.5) 
and partly explains the worse cardiovascular out-
comes at the same group, as renal disease predis-
poses to cardiovascular events. Since both groups 
were treated with an ACEI and CCBs are not 
known to affect renal function significantly, the 
use of a diuretic was probably related to renal 
impairment due to volume depletion and/or 
hypotension resulting in reduced renal blood 
flow. Indeed, hypotension and dizziness were sig-
nificantly more frequent in the ACEI + diuretic 
group in non-CKD patients. It should also be 
noticed that these results were observed despite 
the fact that albuminuria was reduced to a larger 
extent in the benazepril + hydrochlorothiazide 
group; the significance of this finding is unclear, 

Table 10.5 Renal outcomes by treatment arm in the intention-to-treat population (n = 11,506) in ACCOMPLISH  
trial [48]

Benazepril plus 
amlodipine (n = 5744)

Benazepril plus 
hydrochlorothiazide 
(n = 5762)

Hazard ratio  
(95% CI) p value

Main endpoint of 
progression of chronic 
kidney disease

113 (1.97%) 215 (3.73%) 0.52 (0.41–0.65) <0.0001

Doubling of serum 
creatinine concentration

105 (1.83%) 208 (3.61%) 0.51 (0.39–0.63) <0.0001

Dialysis  7 (0.12%)  13 (0.23%) 0.53 (0.21–1.35)  0.180
eGFR <15 mL/min/1·73 m2  18 (0.31%)  17 (0.30%) 1.06 (0.54–2.05)  0.868
Progression of chronic 
kidney disease and 
cardiovascular death

220 (3.83%) 345 (5.99%) 0.63 (0.53–0.74) <0.0001

Progression of chronic 
kidney disease and 
all-cause mortality

346 (6.02%) 465 (8.07%) 0.73 (0.64–0.84) <0.0001
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because only a small proportion (~5%) of partici-
pants had macro-albuminuria at the beginning of 
the study [46].

As in ASCOT, the superiority of the ACEI + 
CCB regimen may as well have occurred due to a 
better ability of this combination to reduce cen-
tral pressures. CCBs are generally considered 
more effective than diuretics in improving central 
hemodynamics either as separate agents [61, 62, 
65] or when used on top of a RAAS inhibitor [89, 
90], probably due to more intense vasodilation. 
In addition, an ARB  +  CCB combination has 
been reported to achieve larger aortic pulse wave 
velocity (PWV) reduction compared to an 
ARB + diuretic [89]. An ACEI + CCB regimen 
was also found superior to an ACEI + diuretic 
regimen in improving indices of microvascular 
structure in a small study [91]. Moreover, the 
ARB  +  CCB combination has been shown to 
achieve larger reduction in blood pressure vari-
ability compared to the ARB + diuretic regimen 

[92], CCBs have been reported to be more effec-
tive in reducing BP variability compared to other 
antihypertensive agents [93, 94] and are consid-
ered to exert a more uniform BP reduction [1].

An interesting sub-analysis of ACCOMPLISH 
trial suggested that the clinical response to anti-
hypertensive treatment and, consequently, the 
cardiovascular outcomes could be associated 
with body weight and BMI.  This analysis 
showed that rates of the primary endpoint were 
similar in obese patients (BMI  >  30  kg/m2, 
n  =  5709) of both treatment groups, while in 
overweight (25  kg/m2  <  BMI  <  30  kg/m2, 
n = 4157) and normal- weight (BMI < 25 kg/m2, 
n = 1616) the primary endpoint was significantly 
lower in the benazepril + amlodipine group 
(Table 10.6).  
The results were similar for the secondary end-
points as well and no major differences in BP 
values were observed among body weight 
groups [95]. These findings indicated that 

Benazepril and
amlodipine

Obese

Overweight

Normal

Primary endpoint 142/2887 (5%) 152/2822 (5%) 0.89 (0.71–1.12) 0.3189

Cardiovascular death 48/2887 (2%) 47/2822 (2%) 0.97 (0.65–1.45) 0.8844

Total myocardial infarction 67/2887 (2%) 66/2822 (2%) 0.97 (0.68–1.36) 0.8426

Total stroke 52/2887 (2%) 51/2822 (2%) 0.99 (0.67–1.46) 0.9541

Total myocardial infarction 44/2059 (2%) 65/2098 (3%) 0.69 (0.47–1.00) 0.0522

Total stroke 43/2059 (2%) 54/2098 (3%) 0.81 (0.54–1.21) 0.2953

Primary endpoint 103/2059 (5%) 137/2098 (7%) 0.76 (0.59–0.94) 0.0369

Cardievascular death 38/2059 (2%) 53/2098 (3%) 0.73 (0.48–1.11) 0.1372

Total myocardial infarction 14/791 (2%) 28/825 (3%) 0.50 (0.26–0.96) 0.0364

Total stroke 17/791 (2%) 28/825 (3%)

0-25 0-50

Favours benazepril
and amlodipine

Favours benazepril
and hydrochlorothiazide

0-75 1-00 1-25 1-50

0.60 (0.33–1.11) 0.1025

Primary endpoint 43/791 (5%) 75/825 (9%) 0.57 (0.39–0.84) 0.0037

Cardievascular death 21/791 (3%) 34/825 (4%) 0.62 (0.36–1.07) 0.0853

Benazepril and
hydrochlorothiazide

Hazard ratio
(95%CI)

p value

Table 10.6 Comparison of event rates within obese, overweight, and normal weight categories in the population of 
ACCOMPLISH trial

Mancia et al. [95]
Hazard ratio was calculated by Cox’s regression and adjusted for age, sex, diabetes, and previous history of cardiovas-
cular events, stroke, or chronic kidney disease
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diuretic therapy was less protective in non-obese 
hypertensives, while it provided adequate car-
diovascular protection in obese patients; a simi-
lar observation was also extracted from an 
analysis of the SHEP trial [96]. There is evi-
dence suggesting that hypertension in obese 
individuals is mostly mediated by volume over-
load and in lean ones mostly by vasoconstriction 
and intrinsic vascular pathology and the 
ACCOMPLISH Investigators argued that this 
point of view could explain their findings. 
Additionally, it is not clear whether and to what 
extent the so-called ‘obesity paradox’ (better 
cardiovascular outcomes in patients with 
increased BMI) is also implicated. In any case, 
the ACCOMPLISH Investigators concluded that 
diuretics may not be the best choice for non- 
obese patients [95]. Of course, diuretics should 
be used with caution in obese patients due to 
their potential diabetogenic action [1]. Thus, the 
results of this analysis should be interpreted 
rather as a discouragement in diuretic use in 
non- obese hypertensives than as a signal of 
potential beneficial action of these drugs in 
obese patients, where they are already known to 
exert adverse metabolic effects.

 Comparing Antihypertensive 
Combinations

ASCOT and ACCOMPLISH, the two most 
important trials in combination therapy in hyper-
tension, suggested a possible superiority of the 
ACEI + CCB regimen compared to diuretic + 
beta-blocker and ACEI + diuretic respectively 
[14, 15]. These two RCTs, in conjunction with 
other studies, established the ACEI + CCB com-
bination as a safe, well-tolerated and effective in 
the prevention of CVD regimen that preserves the 
advantages of both ACEIs and CCBs and poten-
tially confers benefits beyond BP lowering, 
 especially in high-risk hypertensives. Indeed, this 
combination causes relatively few serious side 
effects [14], as the one component may offset the 
side effects of the other [4], and provides ade-
quate, prompt and uniform blood pressure reduc-

tion with a favorable effect on several 
hemodynamic parameters besides clinic BP, such 
as BP variability, nocturnal BP and central pres-
sures [14, 35, 60, 70]. Furthermore, it exerts anti- 
atherosclerotic and anti-proliferative effects 
[52–54], thereby it is a preferable regimen for 
hypertensives with LVH, peripheral artery dis-
ease or coronary artery disease [97]. Another 
advantage of the ACEI + CCB combination is its 
nephroprotective properties [14, 15], thereby it is 
a first-line regimen for patients with kidney dis-
ease (including uncomplicated proteinuria). 
Additionally, it is the combination of choice for 
patients with metabolic syndrome, because it pre-
vents, or at least does not cause, new-onset diabe-
tes in contrast to BB- or diuretic-based regimens, 
and it is also suitable for diabetics with hyperten-
sion, where a RAAS inhibitor should be included 
in the antihypertensive regimen [1].

The ACEI + thiazide combination is as well a 
popular regimen, since it has been proven effec-
tive in reducing BP and preventing from cardio-
vascular disease. It shares the same advantages 
with all ACEI-based combinations and the RAAS 
blockade exerted by ACEIs offsets the RAAS 
activation induced by diuretics [4, 87]; further-
more, hypokalemia and hyperglycemia caused by 
diuretics are attenuated when an ACEI is added 
[4, 11]. Therefore, it is an appropriate regimen 
for hypertensives with vascular disease, diabetes 
or chronic kidney disease, even if renal outcomes 
were better with the ACEI + CCB combination in 
ACCOMPLISH [15]. The ACEI + diuretic com-
bination is very useful in hypertensives with sys-
tolic HF (where a beta-blocker and an MRA 
should also be added). On the other hand, it may 
exert the adverse metabolic effects of diuretics, 
i.e. new-onset diabetes, hypokalemia and other 
electrolytic disturbances, impairment of renal 
function, hyperuricemia and worsening of lipid-
emic profile, albeit they are less common when a 
thiazide is combined with an ACEI. Moreover, an 
ACEI + diuretic combination might be less effec-
tive than an ACEI + CCB regimen for the delay 
of the atherosclerotic process, as diuretics gener-
ally produce minor, if any, non-hemodynamic 
benefits in vascular function [15, 85].
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The thiazide diuretic + beta-blocker combina-
tion was the most widely used regimen during the 
past decades at the first trials in hypertension [5] 
and before the admission of ACEIs and CCBs in 
everyday clinical practice. It is effective in 
achieving BP control and generally reduced the 
rates of CVD in older trials, however, a shortfall 
in the prevention of CVD, mainly of coronary 
events, was observed with this regimen compared 
with the reduction expected from observational 
studies [16], findings consistent with the results 
of ASCOT [14]. Taking into account the results 
of other studies with BBs [22–25] and the fact 
that solid data supported the efficacy of diuretics 
in the prevention of CVD [21], BBs were consid-
ered responsible for the lower than expected 
improvement in outcomes. Furthermore, the dys-
metabolic effects of the components of this regi-
men, mainly the development of new-onset 
diabetes, seem to be enlarged when they are com-
bined and this combination is recommended to 
be avoided, unless there are compelling indica-
tions, in patients with metabolic syndrome [1, 5]. 
The diuretic + BB combination also seems to be 
less effective than other regimens in reducing 
central pressures [60] and less tolerable with 
increased rates of discontinuation [14, 49]. Even 
if there are data indicating that these disadvan-
tages may be attenuated with the use of vasodilat-
ing BBs [1], this combination and BB-based 
regimens overall have fallen back in the treat-
ment of uncomplicated hypertension [1, 45]. 
Nevertheless, ESH/ESC Guidelines still recom-
mended it as a possible combination and its main 
use is in hypertensives with systolic HF (along 
with an ACEI or ARB and an MRA) [1] and in 
patients who do not tolerate RAAS inhibitors and 
CCBs.

The CCB  +  thiazide diuretic combination is 
generally safe and effective and has widely and 
successfully been used in clinical trials [5, 98, 
99]. Moreover, the addition of a diuretic may 
attenuate the CCB-induced peripheral edema 
[100]. However, its additive BP reduction is 
rather moderate [4], while direct data about com-
parison of this regimen with other combinations 
are lacking. It is a preferable and convenient regi-

men for black hypertensives who have no com-
pelling indication for another class [78] and for 
hypertensives who cannot tolerate an ACEI or an 
ARB. The ACEI + BB and the dihydropyridine 
CCB + BB combination are proper but less stud-
ied regimens, while the non-dihydropyridine 
CCB  +  BB combination should generally be 
avoided due to the risk of bradyarrythmias, even 
if it seems attractive for rate control in patients 
with atrial fibrillation (AF) [1]. An ACEI + BB 
regimen is the best choice for hypertensives with 
coronary heart disease and concomitant systolic 
LV dysfunction, previous ST-segment elevation 
myocardial infarction (STEMI), stable angina or 
asymptomatic myocardial ischaemia and is 
obligatory for all patients with heart failure with 
reduced ejection fraction (HFrEF), with the addi-
tion of an MRA and, if needed, a diuretic [1, 97, 
101–103]. The main disadvantage of this combi-
nation is its relatively low additional BP reduc-
tion compared to ACEI and BB monotherapy [4]. 
The dihydropyridine CCB + BB combination is 
mainly used in hypertensives with stable angina 
that requires more than one anti-anginal agents 
[1, 97] or in patients with hypertension who do 
not tolerate or have contraindications for RAAS 
inhibitors and diuretics.

Finally, regarding ARB-based combinations, 
the same principles that apply for ACEIs are gen-
erally valid for ARBs, since these two classes are 
generally considered equivalent [1, 4, 45, 50, 51]. 
Thus, the ARB + CCB and the ARB + thiazide 
diuretic regimens are recommended as preferred 
two-drug combinations and the ARB  +  BB is 
considered a possible but less studied regimen. 
The ACEI + ARB combination is absolutely con-
traindicated due to increased risk of serious 
adverse effects [1] as reported in ONTARGET 
study. In this large trial (n = 25,620 patients at 
high risk for CV events) participants were ran-
domly assigned to receive ramipril, telmisartan 
or their combination. All cardiovascular out-
comes were similar in the three groups. However, 
the primary renal outcome, a composite of dialy-
sis, doubling of serum creatinine and death, 
occurred in significantly more patients in the 
combination group (HR 1.09, 95%: 1.01–1.18, 
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p  =  0.037 compared to ramipril), despite the 
larger reduction in proteinuria observed in the 
same arm. Syncope and hypotension were also 
significantly more frequent in the combination 
group [10, 51]. An important advantage of ARB- 
based combinations is their better tolerance com-
pared to ACEI-based ones, since dry cough, a 
frequent side effect of ACEIs, is uncommon with 
ARBs [87]. The most important trial that suc-
cessfully used an ARB-based combination was 
LIFE, where most patients in the ARB-based 
group received hydrochlorothiazide added on 
losartan and cardiovascular morbidity and 
 mortality were significantly lower in the 
 losartan-based treatment arm compared to the 
atenolol-based group [22].

 The Impact of ASCOT, ACCOMPLISH 
on HTN Guidelines 
Recommendations

Selecting the most appropriate treatment regimen 
either as monotherapy or as combination therapy 
remains probably the most challenging and, con-
currently, controversial issue in hypertension 
[104]. Although there is a vast amount of data 
from RCTs and meta-analyses, the results are in 
many cases conflicting. It should also be taken 
into account that most of the trials in hyperten-
sion enrolled high-risk patients, because demon-
strating significant differences in hard endpoints 
in lower risk populations would require an 
extremely long follow-up [105]. Thereby, it is not 
certain whether the results of these studies can be 
extrapolated to all hypertensives. Regarding 
combination therapy, the evidence is rather 
scarce; despite the fact that many trials did use 
more than one agents in order to achieve BP tar-
gets in most participants, few of them intended, 
by design, to compare different combinations 
(with ASCOT and ACCOMPLISH being the 
most important ones). The large number of poten-
tial combinations makes the issue even more 
complex. Most experts and guidelines recom-
mendations agree that BP control is the main 
treatment target and that in conditions like CHD, 
HFrEF, PAD, LVH, CKD, diabetes, metabolic 

syndrome and black ethnicity specific regimens 
should be preferred. However, there is no una-
nimity on whether specific regimens provide fur-
ther cardiovascular benefits beyond blood 
pressure lowering in the general population of 
hypertensives independent of each individual’s 
comorbidities and, consequently, which regimen 
should be preferred for the treatment of uncom-
plicated hypertension [1, 45, 106–109]. These 
concerns refer mainly to a possible superiority of 
ACEIs, ARBs and, to a lesser extent, CCBs over 
other drugs due to their pleiotropic actions, with 
some data being supportive [14, 15, 22, 104, 110, 
111] and other rejective [28, 30, 104, 112, 113] to 
this assumption.

The results of ASCOT and ACCOMPLISH 
had an important impact on hypertension guide-
lines published after the termination of these 
studies. The ESC/ESH 2007 Guidelines did not 
classify the diuretic + BB combination as ‘pre-
ferred’ (as in previous guidelines) and suggested 
that BBs, especially in combination with a thia-
zide diuretic, should be avoided in patients with 
the metabolic syndrome or at high risk for diabe-
tes. Nevertheless, they maintained BBs as first- 
line agents [5]. The JNC-8 downgraded both BBs 
and diuretics not only as a combination, but also 
as separate agents for the treatment of uncompli-
cated hypertension. Thiazide-type diuretics are 
no longer recommended as preferred initial 
choice but as equal drugs with ARBs, ACEIs and 
CCBs, while BBs are no longer considered to be 
equally effective agents compared to ACEIs, 
ARBs and CCBs and should be used as fourth- 
line therapy, after initiating an ACEI or ARB, a 
CCB and a diuretic. Consequently, diuretic-based 
combinations are no longer considered superior 
but equal to combinations based on ACEIs, ARBs 
and CCBs. It is also stated that the benazepril + 
amlodipine is considered superior to benazepril + 
hydrochlorothiazide in patients >55 years old for 
the outcomes that ACCOMPLISH showed better 
results in the respective treatment arm [45]. The 
British Hypertension Society – National Institute 
for Health and Clinical Excellence (BHS-NICE) 
Guidelines published a rapid update soon after 
the results of ASCOT (in June 2006), where BBs 
were downgraded as fourth-line therapy (after 
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ACEIs, CCBs and thiazide-type diuretics alone 
or in combinations) and ACEIs were recom-
mended as initial therapy for patients <55 years 
old [114]. Moreover, NICE 2011 guidelines, 
obviously influenced by the results of 
ACCOMPLISH, recommend a CCB as initial 
therapy in hypertensives >55 years instead of a 
CCB or a thiazide-type diuretic, as suggested in 
the previous NICE guidelines, and clearly 
upgrade the ACEI (or ARB) + CCB regimen as 
first-choice two-drug combination. They also 
state that if a diuretic is to be used, chlorthalidone 
should be preferred over hydrochlorothiazide 
[108]. Finally, the successful use of spironolac-
tone as third or fourth drug in ASCOT largely 
contributed to the establishment of MRAs as a 
reliable additional therapy, when drugs from  
the main classes fail to achieve BP control  
[1, 45, 108].

As a result of different interpretation of data 
that are in many cases conflicting, current recom-
mendations for the treatment of hypertension are 
not uniform among hypertension societies. ESH/
ESC 2013 Guidelines suggest that ACEIs, ARBs, 
CCBs, BBs and thiazide-type diuretics should be 
considered equal for monotherapy treatment of 
uncomplicated hypertension in the general (non- 
black) population while specific agents should 
be preferred in specific conditions [1]. The 
JNC-8 considers ACEIs, ARBs, CCBs and thia-
zide-type diuretics as first-line agents in non-
black patients and CCBs and thiazides in blacks, 
while BBs are to be used as fourth-line therapy 
[45]. Similar recommendations are provided by 
the American College of Cardiology/American 
Heart Association (AHA/ACC) 2017 Guidelines: 
thiazide- type diuretics, CCBs, ACEIs and ARBs 
should be preferred in the general population and 
CCBs and thiazide-type diuretics in black hyper-
tensives [109]. NICE 2011 Guidelines recom-
mend ACEIs and ARBs as initial therapy for 
non-blacks <55 years old and CCBs are the first 
choice followed by thiazide-type diuretics for 
non-blacks >55 years old and all black hyperten-
sives. BBs are not recommended for initial ther-
apy and may be considered only in younger 
patients who cannot receive an ACEI or ARB or 
have evidence of increased activity of the sympa-

thetic system [108]. The American Society of 
Hypertension  – International Society of 
Hypertension (ASH-ISH) 2014 Guidelines have 
similar recommendations with NICE, with the 
exceptions of equal eligibility of CCBs and thia-
zides in older and black patients and a slightly 
different boundary for the distinction between 
older and younger patients (60 instead of 55 years 
old) [107]. The Hypertension Canada’s 2017 
Guidelines consider ACEIs, ARBs, CCBs and 
thiazide-type diuretics as suitable drugs for ini-
tial therapy; the same recommendation also 
applies for BBs, but only for patients <60 years 
old [106]. The new edition of joint ESH/ESC 
guidelines is under preparation and they are 
expected to be presented in June 2018.

Regarding two-drug combination therapy in 
hypertensives without compelling indication for 
a specific regimen, all Guidelines consider the 
combination ACEI + ARB absolutely contraindi-
cated [1, 45, 106–108, 114]. ESH/ESC 2013 
Guidelines classify the ACEI + thiazide, 
ARB  +  thiazide, ACEI + CCB, ARB  +  CCB, 
CCB + thiazide combinations as ‘preferred’. The 
BB + thiazide combination is considered useful, 
with the limitation that non-vasodilating BBs and 
diuretics should be used only as additional drugs 
in hypertensives with the metabolic syndrome 
and/or prediabetes. The ACEI + BB, ARB + BB, 
dihydropyridine CCB  +  BB combinations are 
considered possible but less studied regimens 
and the non-dihydropyridine CCB + BB should 
be avoided (Fig. 10.7) [1]. Similar to ESH/ESC, 
the JNC-8 recommends the same five two-drug 
combinations as preferred in non-blacks, while 
the CCB  +  thiazide combination is considered 
preferable in blacks. BBs are not recommended 
to be included in a two-drug combination [45]. 
ACC/AHA 2017 Guidelines make no specific 
recommendation for combination therapy, thus, 
it should be assumed that all two-drug combina-
tions that consist of the first-line agents (thiazide- 
type diuretics, CCBs, ACEIs and ARBs), with 
the exception of the ACEI + ARB combination, 
are considered equal [109]. NICE guidelines 
suggest that the ACEI + CCB or the ARB + CCB 
regimens are the best choices for non-blacks, fol-
lowed by ACEI + thiazide-type diuretic or 
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ARB  +  thiazide-type diuretic, while an 
ARB + CCB should be offered in blacks [108]. 
The ASH-ISH Guidelines recommend the ACEI 
+ CCB, ARB  +  CCB, ACEI + thiazide, 
ARB +  thiazide combinations as first-line regi-
mens [107] and the Canadian Guidelines con-
sider all combinations of the first-line agents 
(including BBs), except from the ACEI + ARB 
regimen, suitable for two-drug therapy [106]. It 
is concluded from the above recommendations 
that if BP is uncontrolled with two drugs and a 
third agent should be added, ESH/ESC, JNC-8, 
NICE and ASH-ISH Guidelines agree that the 
ACEI or ARB  +  CCB  +  thiazide-type diuretic 
combination should be the first-line regimen [1, 
45, 107, 108], while Canadian Guidelines con-
sider all combinations that do not include both an 
ACEI an ARB proper [106]. If additional therapy 
is required, BBs, MRAs (mainly spironolactone), 
higher dose of thiazide diuretics, potassium- 
sparing diuretics and alpha-blockers are the next 
choices. Direct vasodilators, centrally acting 
agents and referral to hypertension expert are the 
last options if BP is still uncontrolled [1, 45, 
106–108].

 Conclusions

In conclusion, combination therapy in hyperten-
sion is safe and more effective compared to 
monotherapy for an increasing number of patients 
in order to achieve BP control and obtain maxi-
mum cardiovascular protection in hypertensive 
individuals. Moreover, current guidelines recom-
mend it as initial therapy in patients with high 
baseline BP values and/or at high risk for cardio-
vascular events. ASCOT and ACCOMPLISH are 
the landmark trials in the comparison of different 
combinations of antihypertensive agents and 
demonstrated a superiority of an ACEI + CCB 
combination over a BB + diuretic and an ACEI + 
diuretic combination respectively in terms of car-
diovascular outcomes [14, 15]. These trials estab-
lished this combination as a safe, effective and, in 
many cases, preferable regimen for the  treatment 
of hypertension and had a significant impact on 
guidelines for the management of hypertension 
[1, 45, 108, 113] as well as on everyday clinical 
practice. Most importantly, the relatively low 
rates of events in ACCOMPLISH, where BP con-

Thiazide diuretics

Beta-blockers

Other
antihypertensives

Calcium
antagonists

Angiotensin-receptor
blockers

ACE inhibitors

Fig. 10.7 Possible combinations of classes of antihyper-
tensive drugs according to ESC/ESH Guidelines. Green 
continuous lines: preferred combinations; green dashed 
line: useful combination (with some limitations); black 
dashed lines: possible but less well-tested combinations; 
red continuous line: not recommended combination. 

Although verapamil and diltiazem are sometimes used 
with a beta-blocker to improve ventricular rate control in 
permanent atrial fibrillation, only dihydropyridine cal-
cium antagonists should normally be combined with beta- 
blockers. (Mancia et al. [1])
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trol was the best ever observed in a large trial 
[15], emphasized the great importance of ade-
quate BP reduction, which remains the main 
treatment target.
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Outcomes of Different 
Antihypertensive Regimens

Takeshi Fujiwara and Kazuomi Kario

 Introduction

Current major hypertension guidelines [1–6] rec-
ommend diuretics, β-blockers, angiotensin- 
converting enzyme (ACE) inhibitors, Ca channel 
blockers (CCBs), and angiotensin II receptor 
blockers (ARBs) for both the initiation and main-
tenance phase of antihypertensive treatment. 
Among these antihypertensive medication 
classes, diuretics and β-blockers have been avail-
able since the 1950s and 1960s, respectively, and 
thus are considered classical antihypertensive 
drugs. Newer classes of antihypertensive medica-
tion, such as ACE inhibitors, CCBs, and ARBs, 
were developed in the 1970s, 1980s, and 1990s, 
respectively. Along with the development of the 
newer drugs, clinical data on the efficacy of anti-
hypertensive drugs for the management of hyper-
tension have also accumulated. In this review, we 
will introduce the main results from nine histori-
cal and landmark clinical trials that had a major 

impact on the current guidelines for the manage-
ment of hypertension.

 Focus on the Landmark Trials

 TOMHS: Treatment of Mild 
Hypertension Study [7]

Background At the time of this clinical trial, 
the efficacy of diuretics and β-blockers had 
already been reported, but the effectiveness of 
newer drug treatment, i.e., α-blockers, CCBs and 
ACE inhibitors, was not clear. In addition, 
nutritional- hygienic therapy had not been com-
pared with antihypertensive drug treatment in 
clinical trials.

Objective To compare six antihypertensive 
interventions (placebo, diuretic, β-blocker, 
α-blocker, CCB, ACE inhibitor) for the treatment 
of mild hypertension.

Design A prospective, randomized, double- 
blind, multicenter, placebo-controlled clinical 
trial.

Patients Hypertensive patients (n = 902, 61.8% 
male, 20% black), aged 45 to 69  years (mean 
54.8 ± 6.4 years) and not taking antihypertensive 
medication, with diastolic blood pressure (DBP) 
of 90 to 99 mmHg (mean 90.5 ± 3.4 mmHg).
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Treatment All patients received intensive 
nutritional- hygienic intervention aimed at weight 
reduction by means of a fat-modified diet,  
reductions in dietary sodium and alcohol intake, 
and increase in leisure-time physical activity. 
Eligible patients were randomized to receive 
nutritional- hygienic intervention plus one of the 
following six additional treatments at the indi-
cated starting dose: (1) placebo (n  =  234); (2) 
diuretic (chlorthalidone, 15 mg/day, n = 136); (3) 
β-blocker (acebutolol, 400 mg/day, n = 132); (4) 
α-blocker (doxazosin, 2  mg/day, n  =  134); (5) 
CCB (amlodipine, 5 mg/day, n = 131); (6) ACE 
inhibitor (enalapril, 5 mg/day, n = 135). In this 
manuscript, the first group is referred to as the 
placebo group and the other groups are referred 
to as the drug- treatment groups.

Major clinical outcomes (1) death from coro-
nary heart disease (CHD); (2) death from other 
cardiovascular disease (CVD) including stroke; 
(3) death from other causes; (4) nonfatal myo-

cardial infarction (MI); (5) nonfatal stroke; (6) 
congestive heart failure (HF); (7) surgery for 
aortic aneurysm; (8) coronary artery bypass sur-
gery; (9) coronary angioplasty; (10) thrombo-
lytic therapy; or (11) hospitalization for unstable 
angina.

Follow-up Median follow-up was 4.4 years for 
the analyses of time to death or nonfatal CVD 
events.

 Results
Blood Pressure Systolic blood pressure (SBP) 
and DBP were significantly decreased in the 
drug-treatment groups (−6.8 and −  3.7 mmHg, 
respectively) compared to the placebo group 
(both p < 0.001). The largest decrease in SBP was 
for patients assigned to the chlorthalidone group 
(−17.7  mmHg); the smallest decrease was for 
patients assigned to the doxazosin group 
(−14.2 mmHg). Trends for DBP were similar but 

Table 11.1 Average blood pressure (BP) change from baseline at 48 months and based on all follow-up measurements 
for TOMHS participants by treatment groupa

Treatment groups

Acebutolol
Amlodipine 
maleate Chlorthalidone

Doxazosin 
mesylate

Enalapril 
maleate

All drug 
treatments Placebo

Systolic BP,  
mm Hg
  Change at 48 mo 

(SE)b
−13.9(1.3) −14.1(1.3) −14.6(1.5) −13.4(1.2) −11.3(1.3) −13.4(0.6) −8.6(1.1)

  Change based on 
all follow-up BP 
measurements 
(SE)c

−17.0(1.0) −15.6(0.9) −17.7(1.0) −14.2(0.9) −14.7(0.9) −15.9(0.4) −9.1(0.7)

Diastolic BP,  
mm Hg
  Change at 48  

mo (SE)d
−11.5(0.6) −12.2(0.7) −11.1(0.7) −11.2(0.7) −9.7(0.7) −11.1(0.3) −8.6(0.6)

  Change based on 
all follow-up BP 
measurements 
(SE)e

−13.1(0.5) −12.9(0.4) −12.3(0.5) −11.7(0.5) −11.5(0.5) −12.3(0.2) −8.6(0.4)

aNumber of participants in each treatment group who attended the 48-month visit were as follows: 126, acebutolol; 114, 
amiodipine; 117, chlorthalidone; 121, doxazosin; 119, emalapril; and 207, placebo. All but 10 participants had at least 
one follow-up BP measurement. TOMHS indicates Treatment of Mild Hypertension Study
bP<.01 for acebutolol, amiodipine, chlorthalidone, and doxazosin vs placebo; and all active drug treatments combined 
vs placebo
cP<.01 for each active drug treatment vs placebo; acebutolol vs doxazosin; chlorthalidone vs doxazosin and emalapril; 
and all active drug treatments combined vs placebo based on longitudinal analysis
dP<.01 for acebutolol, amiodipine, chlorithalidone, and doxazosin vs placebo; and all active drug treatments combined 
vs placebo
eP<.01 for each active drug treatment vs placebo; and all active drug treatments combined vs placebo based on longitu-
dinal analysis
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did not reach the level of statistical significance 
(p = 0.10) (Table 11.1).

Clinical events Table 11.2 shows the numbers 
and percentages of patients who experienced at 
least one clinical event during the follow-up 
period. The estimated relative risk (RR) (drug 

treatment vs. placebo) for a first major clinical 
event including non-CVD death was 0.69 
(p = 0.21). This advantage for the drug-treatment 
groups was evident after approximately 1 year of 
follow-up (Fig. 11.1). The corresponding RR for a 
first major or other clinical event was 0.66 
(p = 0.03).

Table 11.2 Number and percentage of TOMHS participants experiencing at least one clinical event during 4.4 years 
of follow-upa

Treatment groups
Relative riskb  
(95% confidence interval) P

All drug treatments (n = 668), 
no. of events (%) 

Placebo (n = 234),  
no. of events (%) 

Major CHD eventsc 26 (3.89) 12 (5.13) 0.76 (0.38–1.50) .42
Major CHD or 
CVD eventsd

30 (4.49) 16 (6.84) 0.64 (0.35–1.18) .15

All major clinical 
events
  Including 

non-CVD deathse

34 (5.09) 17 (7.25) 0.69 (0.39–1.23) .21

Major and other 
clinical eventsf

74 (11.08) 38 (16.24) 0.66 (0.44–0.97) .03

aTOMHS indicates treatment of mild hypertension study
bRelative risk of specified event for drug treatment compared with placebo derived from proportional-hazards regression 
model that considered time to first event stratified by clinical center and use of antihypertensive medication at initial 
screen.
cThe number of participants experiencing each major coronary heart disease (CHD) event were as follows: CHD death, 
three; nonfatal myocardial infarction, 16; congestive heart failure, two; surgery for aortic aneurysm, two; coronary 
artery bypass surgery, nine; coronary artery angioplasty. 17; thrombolytic therapy, six; and hospitalization for unstable 
15. Some participants experienced multiple events
dAISO includes other cardiovascular disease (CVD) deaths (one death) and nonfatal stroke (participants)
eAlso includes non-CVD deaths (five deaths)
fAlso includes hospitalization for transient ischemic attack (seven participants); definite Rose angina (56 participants); 
Rose intermittent claudication (16 participants); and peripheral arterial occlusive disease (five participants)
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Change in echocardiographically determined 
LV mass and incidence of LVH There were no 
significant differences in left ventricle (LV) mass 
on echocardiogram decline among the five drug- 
treatment groups (p = 0.05). In addition, incident 
rates for left ventricle hypertrophy (LVH) based 
on the echocardiogram did not vary among the 
five drug-treatments (p  =  0.45) or between all 
drug-treatment groups combined and the placebo 
group (p = 0.83).

ECG abnormality In resting electrocardiogra-
phy (ECG), the incidence was significantly lower 
for all drug-treatments combined compared with 
placebo for LVH (p  =  0.02) and tall R waves 
(p  <  0.01). On the other hand, in ambulatory 
ECG, there were no significant differences 
among drug-treatment groups in the incidence of 
ST-segment depression (p = 0.32) or between all 
drug-treatment groups combined and the placebo 
group (p = 0.60).

Quality of life and side effects The overall test 
for the combined seven quality-of-life indexes 
indicated that there was significantly greater 
improvement in quality of life for patients given 
acebutolol ( p  <  0.001) and chlorthalidone 
( p = 0.008) than for patients given placebo. The 
differences between all drug-treatment groups 
combined and the placebo group for the overall 
summary test was significant ( p = 0.007).

The overall side-effect severity score based on 
55 symptoms determined at each follow-up visit 
indicated that symptoms were more common 
among patients given placebo ( p = 0.05). There 
were no significant differences in the side-effect 
severity score among the drug-treatment groups.

Comments The main findings of this study were 
as follows. First, intensive nutritional-hygienic 
intervention resulted in substantial BP reduction. 
This result indicated that an initial treatment 
involving only efforts at lifestyle improvement 
should be recommended for patients with hyper-
tension. Second, there were substantial 
 differences in BP reduction between the drug-
treatment groups and the placebo group. Patients 

given nutritional-hygienic intervention and drug 
medication showed well-controlled BP (average 
124/78 mmHg) and lower rates of CHD and CVD 
than those assigned to receive nutritional- 
hygienic intervention alone. Third, there were 
only modest differences in BP change among the 
drug-treatment groups. However, the number of 
patients in each drug-treatment group was quite 
small. Much larger clinical trials are needed to 
evaluate the ability of newer classes of drugs 
(α-blockers, CCBs and ACE inhibitors) to pre-
vent major clinical events compared with classi-
cal drugs (diuretics and β-blockers).

 INSIGHT: International Nifedipine 
GIST Study: Intervention as a Goal 
in Hypertension Treatment [8]

Background In the clinical trials of the 1970s 
and 1980s, diuretics and β-blockers, now consid-
ered the classical drugs, were mainly used as anti-
hypertensive medications. After that period, newer 
drugs such as CCBs were developed. However, 
the information has been quite limited regarding 
the efficacy of the newer antihypertensive drugs 
for preventing cardiovascular outcomes.

Objective To compare the efficacy in preventing 
major complications from hypertension of nife-
dipine (CCB) administered in a long-acting 
gastrointestinal- transport-system (GIST) formu-
lation and co-amilozide, a common and effective 
combination of the diuretics hydrochlorothiazide 
and amiloride.

Design A prospective, randomized, double- 
blind, multicenter clinical trial.

Patients Hypertensive patients (n  =  6321, 
46.3% male, mainly white), aged 55 to 80 years 
(mean 65 years), with SBP/DBP ≥ 150/95 mmHg 
or SBP ≥  160  mmHg. In addition to hyperten-
sion, all patients had at least 1 additional risk fac-
tor for CVD events. The risk factors included 
hypercholesterolaemia, smoking, family history 
of MI in a parent or sibling before age 50 years, 
current LVH by echocardiography, CHD  
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(including angina), LV strain confirmed by ECG 
strain pattern, or peripheral vascular disease.

Treatments Patients were randomly assigned 
nifedipine 30  mg/day or co-amilozide (hydro-
chlorothiazide 25  mg/day + amiloride 2.5  mg/
day). If patients showed a fall in BP of 
<20/10 mmHg or a final BP of >140/90 mmHg, 
four optional dose-titration steps were used as 
follows: (1) dose-doubling of the randomized 
drug; (2) addition of atenolol 25 mg/day (or enal-
april 5 mg/day if atenolol was contraindicated); 
(3) dose-doubling of the additional drugs; (4) 
addition of any other antihypertensive drug (other 
than CCBs or diuretics).

Major clinical outcomes The primary out-
comes were as follows: (1) composite of death 

from any cardiovascular or cerebrovascular 
cause; (2) non-fatal stroke; (3) MI; and (4) 
HF. The secondary outcomes were as follows: (1) 
total mortality; (2) death from a vascular cause; 
and (3) non-fatal vascular events including tran-
sient ischemic attacks (TIA), angina (new or 
worsening), and renal failure.

Follow-up Four years.

 Results
Blood pressure By the end of the titration 
phase, mean BP had fallen from 173/99 mmHg to 
138/82  mmHg in the total treatment group 
(Fig.  11.2). The proportions of patients who 
received monotherapy or reached BPs lower than 
140/90 mmHg differed slightly between the nife-
dipine and the co-amilozide group.
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Clinical events There were no significant dif-
ferences in the primary outcomes between the 
nifedipine and the co-amilozide groups (6.3% 
vs. 5.8%, 18.2 vs. 16.5 events per 1000 
patients-year, p  =  0.34) (Table  11.3). Groups 
did not differ with respect to all-cause mortal-
ity, non-fatal outcomes, or the combined pri-
mary and secondary outcomes. The patients in 
the nifedipine group showed significantly 
higher risk of fatal MI compared to those in the 
co-amilozide group (0.5% vs. 0.2%, odds ratio 
[OR] 3.22, 95% CI 1.18–8.80, p = 0.017). Also, 
the patients in the nifedipine group showed sig-
nificantly higher risk of non-fatal HF compared 
to those in the co- amilozide group (0.8% vs. 
0.3%, OR 2.20, 95% CI 1.07–4.49, p = 0.028) 
(Table 11.3).

Adverse events 725 patients in the nifedipine 
group and 518 patients in the co-amilozide group 
withdrew because of adverse events (p < 0.0001). 
There was an early excess of withdrawals in the 
nifedipine group because of peripheral edema in 
255 patients during dose titration. More patients 
on co-amilozide than on nifedipine had meta-
bolic disorder: hypokalaemia (6.2% vs. 1.9%, 
p  <  0.0001), hyponatraemia (1.9% vs. 0.3%, 
p  <  0.0001), hyperuricaemia (6.4% vs. 1.3%, 
p  <  0.0001), hyperglycaeia (7.7% vs. 5.6%, 
p  =  0.0001), and renal impairment (4.6% vs. 
1.8%, p  <  0.0001). There was a significantly 
higher percentage of patients with new diabetes 
in the co-amilozide than the nifedipine group 
(5.6% vs. 4.3%, p = 0.02). There were fewer seri-
ous adverse events (defined as life-threatening, 

Table 11.3 Individual outcomes

Nifedipine Co-amilozide Odds ratio (95% Cl) p
Primary outcomes
Composite 200 (6–3%) 182 (5–8%) 1–11 (0.90–1.36) 0.34a

Myocardial infarction
  Non-fatal  61 (1.9) 56 (1.8) 1.09 (0.76–1.58) 0.52
  Fatal  16 (0.5) 5 (0.2) 3.22 (1.18–8.80) 0.017
  Sudden death  17 (0.5) 23 (0.7) 0.74 (0.39–1.39) 0.43
Stroke
  Non-fatal  55 (1.7) 63 (2.0) 0.87 (0.61–1.26) 0.52
  Fatal  12 (0.3) 11 (0.3) 1.09 (0.48–2.48) 0.84
Heart failure
  Non-fatal  24 (0.8) 11 (0.3) 2.20 (1.07–4.49) 0.028
  Fatal  2 (0.1) 1 (<0.1) 2.01 (0.18–22.13) 0.63
Other cardiovascular death  13 (0.4) 12 (0.4) 1.09 (0.50–2.38) 0.85
Secondary outcomes
Compositec 383 (12.1) 397 (12.5) 0.96 (0.83–1.12) 0.62
Deaths
  All (first event)a 153 (4.8) 152 (4.8) 1.01 (0.80–1.27) 0.95
  Non-cardiovascular  71 (2.2) 66 (2.1) 1.08 (0.77–1.52) 0.67
  Unknown cause  22 (0.7) 34 (1.1) 0.65 (0.38–1.11) 0.14
  Cardiovascular  60 (1–9) 52 (1–6) 1.16 (0.80–1.69) 0.45
Non-fatal cardiovascular events 230 (7.3) 245 (7.7) 0.94 (0.78–1.13) 0.50
  Primary events 140 (4.4) 130 (4.1) 1.08 (0.85–1.38) 0.53
  Angina (worsening or new)  57 (1.8) 77 (0.4) 0.74 (0.52–1.04) 0.10
  Transient ischaemic attacks  25 (0.8) 25 (0.8) 1.00 (0.57–1.75) 1.0
  Renal failure  8 (0.3) 13 (0.4) 0.62 (0.26–1.49) 0.38

aMyocardial infarction, stroke, heart failure, and cardiovascular death
bPrimary outcomes plus non-cardiovascular deaths, renal failure, angina, and transient
c23 additional in nifedipine group and 20 in co-amilozide group occurred after a previous endpoint
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disabling, or leading to hospital admission) in the 
nifedipine group than in the co-amilozise group 
(p = 0.02).

Comments This study revealed that nifedipine 
and co-amilozide had a similar efficacy for car-
diovascular outcomes. And in both groups, 
about 70% of patients received monotherapy at 
the end of the study period, with about 60% 
reaching BP of lower than 140/90 mmHg, sug-
gesting that these agents were suitable for the 
management of hypertension in high-risk 
patients. However, nifedipine had a better effect 
on several metabolic markers than did co-amilo-
zide, and showed fewer serious adverse events 
and less need for biochemical monitoring, indi-
cating that nifedipine was better tolerated com-
pared with co- amilozide. This study thus 
demonstrated that CCBs showed greater ease-
of-use in daily clinical practice compared with 
diuretics.

 LIFE: Losartan Intervention 
for Endpoint Reduction 
in Hypertension [9]

Background This study was designed in the 
early 1990s to address several findings and devel-
opments as follows. (1) β-blockers and diuretics 
had failed to return the rates of cardiovascular 
morbidity and mortality to normal in hyperten-
sive patients. (2) LVH was known to be a cardinal 
manifestation of preclinical cardiovascular dis-
ease and an independent risk factor for all cardio-
vascular complications in hypertension, but no 
study had investigated whether reversal of LVH 
improved the cardiovascular prognosis in 
 hypertensive patients. (3) Angiotensin II had 
been associated with development of LVH, and 
thus it was thought that blocking angiotensin II 
might be effective in reversing LVH. (4) Losartan 
was the first available ARB, but information was 
limited regarding the effectiveness of losartan for 
cardiovascular protection.

Objective To test the hypothesis that losartan 
would be more effective than atenolol (a 

β-blocker) in reducing cardiovascular morbidity 
and mortality in patients with essential 
hypertension.

Design A prospective, randomized, double- 
blind, multicenter, parallel-group clinical trial.

Patients Hypertensive patients (n = 9193, 54% 
female, 92% white), aged 55 to 80 years (mean 
66.9 years), with previously treated or untreated 
hypertension and ECG signs of LVH.  Patients 
with SBP  ≥  160–200  mmHg and/or 
DBP ≥  95–115 mmHg after 1–2 weeks of pla-
cebo were randomized to a treatment group. The 
Cornell product ([QRS×(RaVL+SV3)] mm×mm) 
or Sokolow-Lyon ([SV1 + RV5 or V6] mm) were 
used as ECG-LVH criteria.

Treatments Patients were randomly assigned 
losartan 50  mg/day (n  =  4605) or atenolol 
50 mg/day (n = 4588). The target BP level was 
SBP/DBP ≤ 140/90 mmHg. In the case of insuf-
ficient BP reduction, the following dose-titra-
tion steps were used: (1) addition to 
hydrochlorothiazide 12.5  mg/day after 
2 months; (2) dose-doubling of losartan or aten-
olol (each 100 mg/day) after 4 months; (3) dose-
doubling of hydrochlorothiazide (25 mg/day) or 
addition of other antihypertensive medications 
after 6 months.

Major clinical outcomes The primary end-
points were as follows: (1) cardiovascular mor-
bidity and death; (2) a composite outcome of 
cardiovascular death, MI, and stroke. Other out-
comes were as follows: (1) total mortality; (2) 
angina pectoris or HF requiring admission to a 
hospital; (3) coronary or peripheral revascular-
ization procedures; (4) resuscitated cardiac 
arrest; and (5) new-onset diabetes mellitus.

Follow-up The mean follow-up was 4.8 years.

 Results
Blood pressure BP levels at the end of follow-
 up or at last visit before a primary outcome 
occurred fell by 30.2/16.6  mmHg and 
29.1/16.8  mmHg in the losartan and atenolol 
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groups, respectively (p = 0.017/0.37). Target BP 
of SBP/DBP ≤  140/90  mmHg was achieved in 
49% and 46% of losartan and atenolol patients, 
respectively. Heart rate decreased more in 
patients assigned to atenolol than losartan (−7.7 
and − 1.8 bpm, respectively, p < 0.0001).

Primary outcomes The primary composite 
endpoint was reached in 508 (11%; rate per 1000 
patient-years: 23.8) and 588 (13%; rate per 1000 
patient-years: 27.9) patients in the losartan and 
atenolol group, respectively (HR 0.87, 95% CI 
0.77–0.98, p = 0.021) (Table 11.4). There were 
no significant differences in cardiovascular mor-
tality and MI between the two groups. On the 
other hand, losartan significantly decreased 
stroke events compared with atenolol (HR 0.75, 
95% CI 0.63–0.89, p = 0.001) (Table 11.4).

Other outcomes There was a 25% lower inci-
dence of new-onset diabetes in the losartan than 
the atenolol group (Table  11.4). In addition, 

losartan significantly improved the ECG-LVH 
sign compared with atenolol (Fig. 11.3a).

Medication adherence and adverse 
events Patients remained on the study drugs for 
84% and 80% of the follow-up period in the 
losartan and atenolol group, respectively. 
Discontinuations as a result of all adverse events, 
drug-related adverse events, and serious drug- 
related adverse events were significantly less 
common in the patients receiving losartan than 
those receiving atenolol (Fig. 11.3b).

Comments Losartan was better than atenolol in 
reducing the frequency of the primary composite 
endpoint despite the small difference in BP 
reduction. In particular, losartan significantly 
reduced stroke events compared with atenolol, 
which meant than losartan could have a signifi-
cant effect on stroke events over and above BP 
reduction. In this study, the rate of new-onset dia-
betes was significantly lower and the ECG-LVH 

Table 11.4 Endpoints

Losartan 
(n = 4605)

Atenolol 
(n = 4588)

Adjusted  
hazard ratio  
(95% CI)b p

Unadjusted 
hazard ratio  
(95% CI) pEndpoint n Ratea n Rate

Primary composite 
endpointc

508 (11%) 23.8 588 (13%) 27.9 0.87 (0.77–0.98) 0.021 0.85 (0.76–0.96) 0.009

Cardiovascular 
mortality

204 (4%) 9.2 234 (5%) 10.6 0.89 (0.73–1.07) 0.206 0.87 (0.72–1.05) 0.136

Stroke 232 (5%) 10.8 309 (7%) 14.5 0.75 (0.63–0.89) 0.001 0.74 (0.63–0.88) 0.0006
Myocardial 
infarction

198 (4%) 9.2 188 (4%) 8.7 1.07 (0.88–1.31) 0.491 1.05 (0.86–1.28) 0.628

Other prespecified 
endpoints
  Total mortality 383 (8%) 17.3 431 (9%) 19.6 0.90 (0.78-1.03) 0.128 0.88 (0.77-1.01) 0.077
  Admitted to 

hospital for:
    Angina 

pectoris
160 3(%) 7.4 141 (3%) 6.6 1.16 (0.92–1.45) 0.212 1.13 (0.90–1.42) 0.284

   Heart failure 153 (3%) 7.1 161 (4%) 7.5 0.97 (0.78–1.21) 0.765 0.95 (0.76–1.18) 0.622
  Revascularisation 261 (6%) 12.2 284 (6%) 13.3 0.94 (0.79–1.11) 0.441 0.91 (0.77–1.08) 0.292
  Resuscitated 

cardiac arrest
9 (0.2%) 0.4 5 (0.1%) 0.2 1.91 (0.64–5.72) 0.250 1.80 (0.60–5.36) 0.294

  New-onset 
diabetesd

241 (6%) 13.0 319 (8%) 17.4 0.75 (0.63–0.88) 0.001 0.75 (0.63–0.88) 0.001

aPer 1000 patient-years of follow-up
bFor degree of left ventricular hypertrophy and Framingham risk score at randomisation
cCardiovascular mortality, stroke, and myocardial infarction (numbers of patients with a first primary event)
dIn patients without diabetes at randomisation (losartan, n = 4019; atenolol, n = 3979)

T. Fujiwara and K. Kario



191

sign was significantly improved in the losartan 
group compared to the atenolol group. These two 
results seemed to have had some effects on the 
reduction of stroke events. From the point of 
view of drug adherence, the lower rate of adverse 
events with losartan resulted in greater tolerabil-
ity of losartan than atenolol. The LIFE was the 
first study demonstrating the efficacy of an ARB, 
and indicated that losartan had a greater clinical 
benefit in high-risk patients and enhanced 
tolerability.

 ALLHAT: The Antihypertensive 
and Lipid-Lowering Treatment 
to Prevent Heart Attack Trial [10]

Background The benefits of diuretics and 
β-blockers for lowering BP levels had been 
established in earlier clinical trials. After these 
trials, newer classes of antihypertensive agents, 
such as CCBs and ACE inhibitors, became avail-
able. However, there was considerable uncer-
tainty regarding the ability of these agents to 
lower the incidence of CHD in high-risk hyper-
tensive subgroups such as older patients, black 
patients, and patients with diabetes. And the 
optimal first-step therapy for lowering the inci-
dence of CHD had been unknown until this clini-
cal trial.

Objective To determine whether treatment with 
a CCB or an ACE inhibitor lowers the incidence 
of CHD or other CVD events vs. treatment with a 
diuretic in high-risk hypertensive patients.

Design A prospective, randomized, double- 
blind, multicenter, active-controlled clinical trial.

Patients Stage 1 or 2 hypertensive patients 
(n  =  33,357, 47% female, 35% black), aged 
55 years or older (mean 67 years), with at least 1 
additional risk factor for CHD events. The risk 
factors included previous (>6  months) MI or 
stroke, LVH demonstrated by ECG or echocar-
diography, history of type 2 diabetes, current 
smoking, high-density lipoprotein cholesterol of 
less than 35  mg/dL, or documentation of other 
atherosclerotic CVD.

Treatments Eligible patients were randomly 
assigned to the step 1 dosage as follows: (1) 
diuretic (chlorthalidone, 12.5–25  mg/day, 
n = 15,255); (2) CCB (amlodipine, 2.5–10 mg/
day, n  =  9048); (3) ACE inhibitor (lisinopril, 
10–40  mg/day, n  =  9054). The dose of study- 
supplied open-label step 2 drugs were 25–100 mg/
day of atenolol; 0.05–0.2 mg/day of reserpine; or 
0.1–0.3 mg twice a day of clonidine; step 3 was 
25–100 mg twice a day of hydralazine. The goal 
BP in each randomized group was less than 
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140/90 mmHg and was achieved by titrating the 
assigned study drug (step 1) and adding open- 
label agents (step 2 or 3) when necessary.

Major clinical endpoints The primary outcome 
was fatal CHD or nonfatal MI combined. The 
secondary outcomes were as follows: (1) all- 
cause mortality; (2) fatal and nonfatal stroke; (3) 
combined CHD (the primary outcome, coronary 
revascularization, hospitalized angina); (4) com-
bined CVD (combined CHD, stroke, other treated 
angina, HF, and peripheral arterial disease); (5) 
coronary revascularization; (6) cancer; (7); inci-
dent electrocardiographic LVH; (8) end-stage 
renal disease (ESRD); and (9) increase of the 
serum creatinine level. Two major safety out-
comes were as follows: (1) angioedema; (2) hos-
pitalization for gastrointestinal bleeding.

Follow-up Mean (SD) follow-up was 4.9 (1.4) 
years.

 Results
Medication adherence Among patients in the 
chlorthalidone group, 87.1% were taking 
chlorthalidone or another diuretic at 1  year, 
decreasing to 80.5% at 5 years. Among patients 
in the amlodipine group, 87.6% were taking 
amlodipine or another CCB at 1 year, decreasing 
to 80.4% at 5 years. Among patients in the lisino-
pril group, 82.4% were taking lisinopril or 
another ACE inhibitor at 1  year, decreasing to 
72.6% at 5 years.

Among patients with available medication 
information at 1 year, 26.7%, 25.9%, and 32.6% 
of those assigned to receive chlorthalidone, amlo-
dipine, and lisinopril, respectively, were taking a 
step 2 or step 3 drug. At 5 years, the correspond-
ing percentages were 40.7%, 39.5%, and 43.0%, 
respectively.

Blood pressure Among patients in the chlortha-
lidone group, the SBP/DBP levels were 
146.2/84.0 mmHg at baseline, 136.9/79.3 mmHg 
at 1 year, and 133.9/75.4 mmHg at 5 years. The 
percentage of patients who achieved the BP goal 
of <140/90 mmHg at 5 years was 68.2%. Among 
patients in the amlodipine group, the SBP/DBP 

levels were 146.2/83.9  mmHg at baseline, 
138.5/78.7 mmHg at 1 year, and 134.7/74.6 mmHg 
at 5  years. The percentage of patients who 
achieved the BP goal of <140/90  mmHg at 
5 years was 66.3%. Among patients in the lisino-
pril group, the SBP/DBP levels were 
146.4/84.1 mmHg at baseline, 140.0/79.9 mmHg 
at 1 year, and 135.9/75.4 mmHg at 5 years. The 
percentage of patients who achieved the BP goal 
of <140/90  mmHg at 5  years was 61.2%. 
Compared with the BP level at 5 years in patients 
treated with chlorthalidone, the patients in the 
amlodipine and lisinopril groups showed signifi-
cantly higher SBP levels (amlodipine group, 
+0.8  mmHg, p  =  0.03; lisinopril group, 
+2.0  mmHg, p  <  0.001), and the patients with 
amlodipine showed significantly lower DBP lev-
els (−0.8 mmHg, p < 0.001). Follow-up BPs in 
all 3 groups are shown in Fig. 11.4.

 Primary and Secondary Outcomes

 1. Amlodipine vs. chlorthalidone: No significant 
differences were observed between amlodip-
ine and chlorthalidone for the primary out-
come (6-year rate per 100 persons of 
amlodipine vs. chlorthalidone 11.3% vs. 
11.5%, RR 0.98, 95% CI 0.90–1.07) 
(Fig. 11.5) or for the secondary outcomes. The 
amlodipine group showed significantly higher 
risk of HF (10.2% vs. 7.7%, RR 1.38, 95% CI 
1.25–1.52) and hospitalized/fatal HF (8.4% 
vs. 6.5%, RR 1.35, 95% CI 1.21–1.50) com-
pared with the chlorthalidone group. The 
treatment effects for all outcomes were con-
sistent across the predefined subgroups 
(Fig. 11.6).

 2. Lisinopril vs. chlorthalidone: No significant 
differences were observed between lisinopril 
and chlorthalidone for the primary outcome 
(6-year rate per 100 persons of lisinopril vs. 
chlorthalidone 11.4% vs. 11.5%, RR 0.99, 
95% CI 0.91–1.08) (Fig. 11.5) or for the sec-
ondary outcomes. The lisinopril group showed 
significantly higher risk of stroke (6.3% vs. 
5.6%, RR 1.15, 95% CI 1.02–1.30), combined 
CVD (33.3% vs. 30.9%, RR 1.10, 95% CI 
1.05–1.16), HF (8.7% vs. 7.7%, RR 1.19, 
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95% CI 1.07–1.31), hospitalized/treated 
angina (13.6% vs. 12.1%, RR 1.11, 95% CI 
1.03–1.20), and coronary revascularization 

(10.2% vs. 9.2%, RR 1.10, 95% CI 1.00–1.21) 
compared with the chlorthalidone group. The 
treatment effects for all outcomes were  
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Nonfatal Myocardial Infarction
Plus Coronary Heart Disease Death
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Fig. 11.6 Relative risk and 95% confidence intervals (CIs) for amlodipine/chlorthalidone comparisons in prespecified 
subgroups
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consistent across subgroups by sex, diabetic 
status (Fig.  11.7), and baseline CHD status. 
For combined CHD, there was a significant 
differential effect by age (p = 0.01 for interac-
tion) with RRs (lisinopril vs. chlorthalidone) 
of 0.94 (95% CI 0.84–1.05) for those less than 
65 years vs. 1.11 (95% CI 1.03–1.20) in those 
65  years or older. For stroke and combined 
CVD, there was a significant differential 
effect by race (p = 0.01 and p = 0.04 for inter-
action, respectively). The RRs (lisinopril vs. 
chlorthalidone) were 1.40 (95% CI 1.17–1.68) 
and 1.00 (95% CI 0.85–1.17) for stroke and 
1.19 (95% CI, 1.09–1.30) and 1.06 (95% CI 
1.00–1.13) for combined CVD in blacks and 
nonblacks, respectively (Fig. 11.7).

Primary safety outcomes Six-year rates of hos-
pitalization for gastrointestinal bleeding occurred 
in 8.8%, 8.0%, and 9.6% of patients in the 
chlorthalidone, amlodipine, and lisinopril treat-
ment groups, respectively, with no significant dif-
ferences. Angioedema occurred in 0.1%, <0.1%, 
and 0.4% patients in the chlorthalidone, amlodip-
ine, and lisinopril treatment groups, respectively. 
Significant differences were seen for the lisinopril 
vs. chlorthalidone comparison overall ( p < 0.001), 
in blacks (<0.1% for chlorthalidone, 0.7% for 
lisinopril; p < 0.001), and in non-blacks (0.1% for 
chlorthalidone, 0.3% for lisinopril; p = 0.002).

Comments This study revealed that neither 
amlodipine nor lisinopril was superior to 
chlorthalidone in preventing major coronary 
events or increasing survival in high-risk hyper-
tensive patients. The results of this study comple-
mented the past two large active-controlled trials, 
SHEP (the Systolic Hypertension in the Elderly 
Program) [11] and Syst-Eur (Systolic 
Hypertension in Europe trial) [12]. These studies, 
together with ALLHAT, demonstrated that CCBs 
had equivalent ability to lower the incidence of 
CHD or other CVD events compared with diuret-
ics, the efficacy of which had already been 
revealed in many clinical trials. We consider that 
the key point of the ALLHAT trial is its demon-
stration of the possible efficacy of CCBs for the 
management of high-risk hypertensive patients. 
Another important point, in terms of clinical 

practice, is that the cost of antihypertensive drugs 
cost could have a major impact on the nation’s 
health care expenditures. This study indicated 
that the safety and efficacy were almost the same 
in the chlorthalidone, amlodipine, and lisinopril 
treatment groups. Taking these various factors 
into account, diuretics should be considered first 
for pharmacologic therapy in patients with hyper-
tension. Diuretics are unsurpassed in lowering 
BP, reducing clinical events, and tolerability, and 
they are less costly. This study suggested that 
diuretics should be included in multi- 
antihypertensive regimens, if possible.

 ABNP2: Second Australian National 
Blood Pressure Study [13]

Background Previous hypertension studies, 
most of which used primaly diuretics or 
β-blockers, demonstrated that the reduction of 
BP levels was associated with a reduced risk of 
cardiovascular events and death. Since those 
studies, newer classes of antihypertensive agents, 
including ACE inhibitors, CCBs, and ARBs, have 
become widely accepted into clinical practice. 
However, no data have been available in regard to 
the benefit of these newer agents in hypertensive 
patients. In addition, until this study was con-
ducted, none of the studies involving ACE inhibi-
tors or CCBs had yet demonstrated a clear 
difference in outcome between treatment groups.

Objective To compare the cardiovascular out-
comes in older patients with hypertension who 
were treated with an ACE inhibitor with the out-
comes in those treated with a diuretic.

Design A prospective, randomized, open-label, 
multicenter, clinical trial conducted at 1594 fam-
ily practices throughout Australia.

Patients Hypertensive patients (n = 6083, 51% 
female, 95% white), aged 65–84  years (mean 
71.9 years), with an average SBP >160 mmHg or 
DBP >90 mmHg (if the SBP was >140 mmHg), 
measured at the two study-entry visits, and with 
no recent cardiovascular events (within the previ-
ous 6 months).
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Treatments The ACE inhibitor enalapril and the 
diuretic hydrochlorothiazide were recommended 
as initial therapy (the choice of the specific agent 
and dose was made by the family practitioner). 
The goal in each randomized group was to reduce 
the SBP by >20 mmHg to <160 mmHg (with a 
further reduction to <140  mmHg if tolerated), 
and to reduce DBP by >10 mmHg to <90 mmHg 
(with a further reduction to <80 mmHg if toler-
ated). To achieve the BP goal, the addition of 
β-blockers, CCBs, and α-blockers was recom-
mended in both groups.

Major clinical outcomes The primary endpoint 
was all cardiovascular events or death from any 
cause. Cardiovascular events included the fol-
lowing: (1) coronary events, including MI; (2) 
sudden or rapid death from cardiac causes; (3) 
other death from coronary causes; (4) coronary 
events associated with therapeutic procedures 
involving the coronary arteries; (5) other cardio-
vascular events, including HF; (6) acute occlu-
sion of a major feeding artery in any vascular bed 
other than cerebral or coronary; (7) death from 
non-coronary cardiac causes; (8) dissecting or 
ruptured aortic aneurysm; (9) death from vascu-
lar causes. Cerebrovascular events including 
stroke and TIA.

Follow-up Median follow-up was 4.1 years.

 Results
Drug treatment The total of 6083 patients were 
randomly assigned to the ACE-inhibitor group 
(n = 3044) or the diuretic group (n = 3039). 65% 
of the patients in the ACE-inhibitor group and 
67% of those in the diuretic group were receiving 
monotherapy. Concomitant antihypertensive 
medications included CCBs (in 22.9% of patients 
in the ACE-inhibitor group and 24.9% of patients 
in the diuretic group), β-blockers (10.8% and 
13.7%, respectively), and ARBs (14.0% and 
12.4%, respectively).

Blood pressure The baseline BP levels were 
167/91  mmHg in the ACE-inhibitor group and 
168/91 mmHg in the diuretic group. At year 1, 
BP had decreased by 20/9  mmHg in the ACE- 

inhibitor group and 22/9  mmHg in the diuretic 
group; at year 2, it had decreased by 23/10 mmHg 
in the ACE-inhibitor group and 24/10 mmHg in 
the diuretic group; at year 5, it had decreased by 
26/12 mmHg in both groups. There were signifi-
cant and clinically relevant reductions from the 
baseline values. In both men and women, the pat-
tern of BP reduction was similar between the two 
treatments.

Primary outcomes The rate per 1000 patient- 
years of the ACE-inhibitor group was 56.1 and 
that of the diuretic group was 59.8. The hazard 
ratio (HR) for all cardiovascular events or death 
from any cause among patients in the ACE- 
inhibitor group as compared with those in the 
diuretic group was 0.89 (95% CI, 0.79–1.00; 
p = 0.05) (Table 11.5). There were almost twice 
as many events in male patients (907 events) as in 
female patients (524 events). The beneficial 
effects of ACE-inhibitor treatment were more 
evident in male patients (HR for both all cardio-
vascular events and first cardiovascular events, 
0.83, 95% CI 0.71–0.97, p = 0.02). The P value 
for the interaction between sex and treatment- 
group assignment was 0.15 for all cardiovascular 
events or death from a cause and 0.14 for first 
cardiovascular events.

The HR for all first cardiovascular events in 
the ACE-inhibitor group as compared with the 
diuretic group was 0.88 (95% CI 0.77–1.01, 
p  =  0.07) (Table  11.5). There was a significant 
reduction in the rate of first MI in the ACE- 
inhibitor group (HR 0.68, 95% CI 0.47–0.98, 
p = 0.04). In the cause-specific first fatal and non-
fatal events (Table 11.6), the rate of fatal stroke 
was significantly higher with the ACE-inhibitor 
treatment (HR 1.91, 95% CI 1.04–3.50, p = 0.04). 
On the other hand, the rate of first nonfatal car-
diovascular events was significantly lower with 
ACE-inhibitor treatment (HR 0.86, 95% CI 0.74–
0.99, p  =  0.03), especially the rate of MI (HR 
0.68, 95% CI 0.47–0.99, p = 0.05).

Comments This study revealed that in elderly 
patients with hypertension, particularly among 
male patients, ACE-inhibitor-based therapy 
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Table 11.5 Primary end points and cause-specific first eventsa

ACE-inhibitor group 
(N = 3044)

Diuretic group 
(N = 3039)

Hazard ratio  
(95% CI p valueEvent

No. of 
events

Rate per 1000 
patient-yr

No. of 
events

Rate per 1000 
patient-yr

Primary end points
All cardiovascular events 
or death from any cause

695 56.1 736 59.8 0.39 (0.79–1.00) 0.05

First cardiovascular event 
or death from any cause

490 41.9 529 45.7 0.89 (0.79–1.01) 0.06

Death from any cause 195 15.7 210 17.1 0.90 (0.75–1.09) 0.27
Cause-specific first events
First cardiovascular 
eventb

394 33.7 429 37.1 0.88 (0.77–1.01) 0.07

  Coronary event 173 14.3 195 16.2 0.86 (0.70–1.06) 0.16
  Myocardial infarction 58 4.7 82 6.7 0.68 (0.47–0.93) 0.04
  Other cardiovascular 

event
134 11.0 144 11.9 0.90 (0.71–1.14) 0.36

  Heart failure 69 5.6 78 6.4 0.85 (0.62–1.18) 0.33
  Cerebrovascular event 152 12.5 163 13.6 0.90 (0.73–1.12) 0.35
  Stroke 112 9.2 107 8.8 1.02 (0.78–1.33) 0.91

aHazard ratios are for the event in the group assigned to angiotensin-converting–enzyme (ACE) inhibitors as compared 
with the diuretic group and are adjusted for age and sex. CI denotes confidence interval
bMyocardial infarction is a subcategory of coronary events; heart failure is a subcategory of other cardiovascular events; 
and stroke is a subcategory of cerebrovascular events. Patients were counted once for each type of first cardiovascular 
event they had, but patients who had more than one type of event were counted only once for the overall category of first 
cardiovascular event

Table 11.6 Cause-specific first events (Fatal and Nonfatal)a

ACE-inhibitor group 
(N = 3044)

Diuretic group 
(N = 3039)

Hazard ratio (95% CI) P valueEvent
No. of 
events

Rate per 1000 
patient-yr

No. of 
events

Rate per 1000 
patient-yr

Fatal events
  Cardiovascular 84 6.8 82 6.7 0.99 (0.72–1.35) 0.94
   Coronary event 40 3.2 52 4.2 0.74 (0.49–1.11) 0.14
    Myocardial 

infarction
9 0.7 11 0.9 0.79 (0.31–1.99) 0.61

    Other cardiovascular 
event

15 1.2 15 1.2 0.95 (0.46–1.96) 0.89

   Heart failure 2 0.2 8 0.7 0.24 (0.03–1.94) 0.18
   Stroke 29 2.3 15 1.2 1.91 (1.04–3.50) 0.04
  Noncardiovascular 111 9.0 128 10.4 0.84 (0.66–1.08) 0.18
Nonfatal cardiovascular 
events

338 28.9 380 32.8 0.86 (0.74–0.99) 0.03

  Coronary event 141 11.6 149 12.4 0.92 (0.73–1.16) 0.49
  Myocardial infarction 50 4.1 71 5.8 0.68 (0.47–0.99) 0.05
  Other cardiovascular 

event
120 9.9 137 11.3 0.84 (0.66–1.07) 0.17

  Heart failure 68 5.5 77 6.3 0.85 (0.62–1.17) 0.32
  Stroke 91 7.5 94 7.8 0.93 (0.70–1.26) 0.65

aMyocardial infarction is a subcategory of coronary events; heart failure is a subcategory of other cardiovascular events. 
For non-fatal events, patients were counted once for each type of event they had, but patients who had more than one 
type of event were counted only once for the overall category of nonfatal cardiovascular events. Hazard ratios are for 
the event in the group assigned to angiotensin-converting–enzyme (ACE) inhibitors as compared with the diuretic group 
and are adjusted for age and sex. CI denotes confidence interval
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resulted in an outcome advantage over a diuretic- 
based regimen, despite the similar reductions in 
BP levels. The results of this study were com-
pletely different from those of the ALLHAT 
[10]. However, caution is required in interpret-
ing the disparate results between the two trials. 
First, there was a racial difference: 95% of the 
subjects in this study were white, while 35% of 
those in ALLHAT were blacks. Second, the 
baseline BP level was markedly higher in the 
patients of this study (168/91  mmHg) than in 
those of ALLHAT (146/84  mmHg). Third, the 
patients in this study were relatively healthy and 
active and had experienced few previous cardio-
vascular events. It would be expected that these 
differences in background greatly contributed to 
the different results. Finally, the strength of the 
ANBP2 study was that it was conducted in a 
family practice setting, and thus likely reflected 
the real-world effects of antihypertensive medi-
cations. Further studies will be needed to show 
the relative benefit of ACE- inhibitors in male 
patients.

 CONVINCE: Controlled Onset 
Verapamil Investigation 
of Cardiovascular End Points [14]

Background At the time of this investigation, 
CCBs were often used in clinical practice, but the 
question of whether they had greater benefit than 
conventional antihypertensive agents such as 
β-blockers and diuretics remained controversial. 
In addition, there had been no study to investi-
gate the timing of acute MI, cardiovascular 
event- related death, and stroke—all of which 
have their highest incidence during the early 
morning hours.

Objective To determine whether initial therapy 
with controlled-onset extended-release (CORE) 
verapamil was equivalent to a physician’s choice 
of atenolol or hydrochlorothiazide in preventing 
cardiovascular disease.

Design A prospective, randomized, double- 
blind, multicenter, active-controlled clinical trial.

Patients Hypertensive patients (n  =  16,602, 
56% female, 84% white) aged 55 years or older 
(mean 66 years) with at least 1 other established 
risk factor for CVD (e.g., diabetes or smoking).

Treatments One group initially received CORE 
verapamil (n = 8241). The active-control group 
began with either hydrochlorothiazide (n = 3879) 
or atenolol (n = 4482).

Step 1 treatment: Patients received 2 bottles 
for initial treatment. One bottle contained tablets, 
1 to be taken at bedtime, of either placebo or 
180  mg of CORE verapamil. The other bottle 
contained tablets, 1 to be taken each morning, of 
placebo, 50 mg of atenolol, or 12.5 mg of hydro-
chlorothiazide. The dose of step 1 medication 
was doubled if SBP >140  mmHg and/or 
DBP > 90 mmHg.

Step 2 treatment: If BP levels still were not 
controlled after increasing the dose, 12.5 mg of 
hydrochlorothiazide could be added to the initial 
dose of either atenolol or CORE verapamil. Or 
50 mg of atenolol could be added to the initial 
dose of hydrochlorothiazide. In addition, the 
dose of the added drug could be doubled if 
needed.

Step 3 treatment: Any additional antihyperten-
sive agent (except a nondihydropyridine calcium 
antagonist, thiazide diuretic, or β-blocker) could 
be added (nonblinded) if needed. An ACE inhibi-
tor was recommended.

Major clinical outcomes The primary end-
points were acute MI, stroke, or CVD-related 
death. Major secondary outcomes were as fol-
lows: (1) an expanded CVD end point, which 
included hospitalization for angina, cardiac 
revascularization or transplant, HF, TIA or 
carotid endarterectomy, accelerated or malignant 
hypertension, or renal failure in addition to the 
primary outcome; (2) all-cause mortality; (3) 
cancer; (4) hospitalization for bleeding (exclud-
ing hemorrhage stroke); and (5) incidence of pri-
mary endpoints occurring between 6  AM and 
noon.

Follow-up The median time receiving blinded 
treatment was 2.2 years.
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 Results
Adherence to study medication By the close of 
the trial, 39.4% of the CORE verapamil group 
and 39.7% of the atenolol or hydrochlorothiazide 
group had discontinued the blinded study medi-
cation. Patients assigned to receive CORE vera-
pamil withdrew more often due to adverse signs 
or symptoms compared with those assigned aten-
olol or hydrochlorothiazide (p = 0.02); the most 
common reason was constipation (216 subjects 
in the CORE verapamil group compared with 
28 in the atenolol or hydrochlorothiazide group). 
However, fewer patients assigned CORE vera-
pamil (n  =  115) withdrew because of poor BP 
control compared with those assigned atenolol or 
hydrochlorothiazide (n = 207) (p < 0.001).

Blood pressure control When averaged over 
the entire follow-up period, SBP/DBP was 
reduced by 13.6/7.8 mmHg and 13.5/7.1 mmHg 
from baseline in the CORE verapamil group and 
the atenolol or hydrochlorothiazide group, 
respectively. Both regimens lowered BP 
significantly.

Primary outcome There were 364 first primary 
events in the CORE verapamil group compared 
with 365  in the atenolol or hydrochlorothiazide 
group (Table 11.7). The HR for the CORE vera-
pamil group compared with the atenolol or 
hydrochlorothiazide group was 1.02 (95% CI 
0.88–1.18, p = 0.77). Also, there were no signifi-
cant differences in each factor related to the  

Table 11.7 Primary and secondary outcome by treatment assignment

No. (%) of participants with event
Hazard ratio (95% 
confidence interval) P value

COER 
verapamil

Atenolol or 
hydrochlorothiazide

Primary (composite) outcomea 364 (4.5) 365 (4.4) 1.02 (0.38–1.18) .77
  Fatal or nonfatal myocardial 

infarction
133 (1.6) 166 (2.0) 0.82 (0.65–1.03) .09

  Fatal or nonfatal stroke 133 (1.6) 118(1.4) 1.15 (0.90–1.48) .26
  Cardiovascular disease-related 

death
152 (1.9) 143(1.7) 1.09 (0.87–1.37) .47

Primary event or cardiovascular 
hospitalization

793 (9.7) 775 (9.3) 1.05 (0.95–1.16) .31

  Angina pectoris 202 (2.5) 190 (2.3) 1.09 (0.89–1.33) .39
  Cardiac revascularization/cardiac 

transplant
163 (2.0) 166 (2.0) 1.01 (0.82–1.26) .91

  Heart failure 126 (1.5) 100 (1.2) 1.30 (1.00–1.69) .05
  Transient ischemic attack and/or 

carotid endarterectomy
89 (1.1) 105 (1.3) 0.87 (0.66–1.15) .33

  Accelerated/malignant 
hypertension

22 (0.3) 18 (0.2) 1.26 (0.67–2.34) .47

  Renal failure (acute/chronic) 27 (0.3) 34 (0.4) 0.81 (0.49–1.35) .43
Death 337 (4.1) 319 (3.8) 1.08 (0.93–1.26) .32
New cancer (excluding nonmelanoma 
skin cancer)

310 (3.8) 299 (3.6) 1.06 (0.91–1.24) .46

  Death 95 (1.2) 93 (1.1) 1.04 (0.79–1.39) .76
Death or hospitalization due Lo 
bleedingb

118 (1.4) 79 (1.0) 1.54 (1.15–2.04) .003

  Deaths from bleeding 6 (0.1) 6 (0.1) 1.02 (0.33–3.17) .97
Death or hospitalization due to 
serious adverse event

1381 (16.9) 1363 (16.4) 1.04 (0.97–1.12) .29

  Hospitalization for serious adverse 
event

1150 (14.1) 1143 (13.8) 1.03 (0.95–1.12) .44

Abbreviation: COER controlled-onset extended-release
aFirst occurrence of stroke, myocardial infarction, or cardiovascular disease–related death
bDoes not include intracerebral bleeding, which was counted as a primary and point (stroke)

11 Outcomes of Different Antihypertensive Regimens



200

primary outcome between the CORE verapamil 
group and the atenolol or hydrochlorothiazide 
group.

Secondary outcome The rate of hospitalization 
for HF was 30% higher with CORE verapamil 
compared with atenolol or hydrochlorothiazide 
(HR 1.30, 95% CI 1.00–1.69, p  =  0.05). More 
patients assigned CORE verapamil (1.4%) than 
atenolol or hydrochlorothiazide (1.0%) died or 
were hospitalized for bleeding unrelated to stroke 
(HR 1.54, 95% CI 1.15–2.04, p  =  0.003) 
(Table 11.7). For the primary outcome, treatment 
HRs did not vary significantly by time of day of 
the event (p  =  0.43). In each treatment group, 
more patients had primary events between 6 AM 
and noon than any other 6-hour period (Fig. 11.8). 
The HR for the 6 AM to noon events was 1.15 
(95% CI 0.86–1.53, p = 0.34).

Comments This study indicated that CORE 
verapamil was not equivalent to atenolol or 
hydrochlorothiazide in preventing cardiovascular 
disease-related events. When considered together 
with the results of ALLHAT [10], which found 
that a CCB (amlodipine) was not superior to a 
diuretic (chlorthalidone) in reducing the rate of 

CHD or stroke and was associated with a higher 
rate of HF, these results indicated that the effec-
tiveness of CCB therapy in reducing CVD-related 
morbidity and mortality was similar but not bet-
ter than that of diuretic or β-blocker treatment. 
The chronotherapeutic usage of antihypertensive 
agents was an attractive point in this study. 
However, additional investigations with larger 
numbers of patients and events were needed to 
verify the effectiveness of chronotherapy for 
reducing cardiovascular events.

 VALUE: Valsartan Antihypertensive 
Long-Term Use Evaluation [15]

Background At the time of this study, renin- 
angiotensin- aldosterone system (RAAS) inhibi-
tors, such as ACE inhibitors and ARBs, which 
were newer types of antihypertensive agent, 
were already being widely used in clinical prac-
tice. The LIFE [9] study showed the advantages 
of the ARB losartan over the β-blocker atenolol 
in hypertensive patients with LVH, with the pri-
mary advantage being a 25% reduction in 
stroke. Subsequently, the ANBP2 [13] reported 
fewer cardiovascular events in patients treated 
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Fig. 11.8 Incidence of primary outcomes by treatment assignment and time of day
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with ACE inhibitors than in those given diuret-
ics. However, the issue of whether the mecha-
nism of action of antihypertensive drugs might 
influence their clinical effect remained unre-
solved. There was strong evidence suggesting 
that increased concentrations of angiotensin II 
were an independent risk factor for cardiac dis-
ease [16]. Valsartan was expected to reduce car-
diac morbidity beyond its BP-lowering effect.

Objective To test the hypothesis that for the 
same level of BP control, valsartan-based treat-
ment would be superior to amlodipine-based 
treatment for reduction of cardiac morbidity and 
mortality.

Design A prospective, randomized, double- 
blind, multicenter, active-controlled, parallel- 
group clinical trial.

Patients Hypertensive patients (n  =  15,245, 
42% female, 89% white), aged 50 years or older 
(mean 67  years), with untreated or previously 
treated hypertension and the presence of combi-
nations of cardiovascular risk factors and cardio-
vascular disease. For previously untreated 
patients, hypertension was defined as a mean 
SBP between 160 and 210 mmHg, and a mean 
DBP <115  mmHg. The upper limit of BP for 
treated patients was SBP of 210  mmHg and/or 
DBP of 115 mmHg.

Treatments Patients were randomly assigned to 
receive valsartan 80 mg/day (n = 7649) or amlo-
dipine 5 mg/day (n = 7596). The target BP level 
was SBP/DBP ≤  140/90  mmHg. In cases with 
insufficient BP reduction, dose-titration steps 
were used once per month as follows: (1) valsar-
tan and amlodipine were doubled in dose (valsar-
tan 160  mg/day, amlodipine 10  mg/day); (2) 
hydrochlorothiazide 12.5 mg/day was added; (3) 
hydrochlorothiazide was doubled in dose (25 mg/
day); (4) other antihypertensive medications 
were added. The baseline SBP/DBP levels were 
154.5/87.4 mmHg and 154.8/87.6 mmHg in the 
valsartan and amlodipine group, respectively.

Major clinical outcomes The primary endpoint 
was the time to first cardiac event. This endpoint 

was a composite of sudden cardiac death, fatal 
MI, death during or after percutaneous coronary 
intervention or coronary artery bypass graft, 
death due to HF, and death associated with recent 
MI on autopsy, HF requiring hospital manage-
ment, non-fatal MI, or emergency procedures to 
prevent MI. The secondary endpoints were fatal 
and non-fatal MI, fatal and non-fatal stroke, all- 
cause mortality, and new-onset diabetes.

Follow-up The mean follow-up was 4.2 years.

 Results
Blood pressure At study end (72 months) or the 
final visit, the mean BP was 139.3/79.2 mmHg 
with valsartan-based regimens and 
137.5/77.7  mmHg with amlodipine-based regi-
mens. The amlodipine-based regimens signifi-
cantly reduced the final BP levels compared with 
the valsartan-based regimens (p < 0.0001). After 
1 month of treatment, BP in the amlodipine group 
was substantially (4.0/2.1 mmHg) lower than that 
in the valsartan group. At 6  months, the differ-
ence decreased to 2.1/1.6 mmHg. From the sixth 
month until the end of the study, BP decreased in 
both treatment groups: by 3.3/2.6 mmHg for the 
valsartan-based regimens, and 3.0/2.5 mmHg for 
the amlodipine-based regimens (Fig. 11.9). The 
target BP (SBP/DBP <140/90  mmHg) was 
achieved in 56% of patients in the valsartan group 
and 62% of those in the amlodipine group.

Major clinical outcomes The primary outcome, 
which was a composite of cardiac mortality and 
morbidity, occurred in 810 (10.6%, the rate per 
1000 patient-years: 25.5) and 789 (10.4%, the 
rate per 1000 patient-years: 24.7) patients in the 
valsartan and amlodipine group, respectively 
(HR 1.04, 95% CI 0.94–1.15, p  =  0.49) 
(Table  11.8). There were no significant differ-
ences in the primary outcome between the two 
groups. Of the secondary outcomes, MI was sig-
nificantly more frequent in the valsartan group 
than in the amlodipine group (HR 1.19, 95% CI 
1.02–1.38, p = 0.02). The rate of total cardiovas-
cular events including stroke was 1074 in the val-
sartan vs. 1021  in the amlodipine group (HR 
1.06, 95% CI 0.98–1.16, p = 0.17). The rate of 
all-cause death did not differ significantly 
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between the groups. New-onset diabetes arose in 
significantly fewer patients on valsartan than on 
amlodipine (32.1% vs. 41.1%, HR 0.77, 95% CI 
0.69–0.86, p < 0.0001).

Table 11.9 show the BP differences and ORs 
over the time period of the trial for the primary 
and secondary endpoints. Higher ORs in favor of 
amlodipine were noted for all endpoints during 
the first 6 months, when BP differences between 
the treatment groups were greatest. In the fol-
lowing months, there was an attenuation in ORs.

Adherence to study medication Both treatment 
strategies were well tolerated with few severe 
adverse events. 73.7% of patients in the valsartan 
group and 74.9% of those in the amlodipine group 
remained on blinded study therapy throughout the 
entire follow-up period. 11.9% of patients in the 
valsartan group and 12.9% of those in the amlodip-
ine group discontinued treatment because of 
adverse events. The most frequently reported 
adverse event was edema, which was twice as com-
mon in amlodipine-treated patients as in valsartan-
treated patients (32.9% vs. 14.9%, p < 0.0001).

160

155

150

145

m
m

 H
g

m
m

 H
g

m
m

 H
g

140

135

90

85

80

75

4

3

2

1

0

0 6 12 18 24 30

Time (months)

36 42

Systolic BP

Valsartan-based regimen

Amlodipine-based regimen

Diastolic BP

48 54 60 66

Mean systolio BP

Mean diastolio BP

Difference in means

Valsartan-based regimen

Amlodipine-based regimen
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Table 11.8 Endpoints (first time occurrence in each category)

Valsartan (n = 7649)
Amlodipine 
(n = 7596)

Hazard ratio (95% 
CI) Pn (%)

Per 1000 
patient years n (%)

Per 1000 
patient years

Primary 
composite

810 (10–6%) 25.5 789 (10–4%) 24.7 1.04 (0.94–1.15) 0.49

  Cardiac 
mortality

304 (4–0%) 9.2 304 (4.0%) 9.2 1.01 (0.86–1.18) 0.90

  Cardiac 
morbidity

586 (7–7%) 18–4 578 (7–6%) 18.1 1.02 (0.91–1.15) 0.71

Myocardial 
infarction*

369 (4–8%) 11–4 313 (4.1%) 9.6 1.19 (1.02-1.38) 0.02

Heart failure* 354 (4–6%) 11-0 400 (5–3%) 12.4 0.89 (0.77–1.03) 0.12
Stroke* 322 (4.2%) 10-0 281 (3.7%) 8.7 1.15 (0.98–1.35) 0.08
All-cause death 841 (11.0%) 25–6 818 (10.8%) 24.8 1.04 (0.94–1.14) 0.45
New onset 
diabetes

690 (13.1%) 32.1 845 (16-4%) 41.1 0.77b (0.69–0.86) <0.0001

aFatal and non-fatal
bOdds ratio, incidence rates and based on patients without diabetes at baseline

Table 11.9 Blood pressure and odds ratios throughout the study

Mean blood pressure 
(SD)a Time-specific interval odds ratios (95% CIs)

Visit Valsartan Amlodipine
Primary 
endpoint Stroke

Myocardial 
infarction Heart failure

All-cause 
mortality

Baseline 154.5 
(19.0)

154.8 (19.0)

87.4 (10.9) 87.6 (10.7)
0–3 months 149.2 

(19.5)
145.4 (16.1) 1.78 

(1.22–2.60)
1.94 
(1.10–3.42)

1.74 
(0.94–3.22)

1.18 
(0.70–2.00)

2.84 
(1.51–5.34)

84.8 (10.4) 82.6 (9.3)
3–6 months 143.2 

(16.8)
140.9 (14.3) 1.32 

(0.89–1.96)
1.50 
(0.82–2.72)

1.47 
(0.76–2.83)

1.29 
(0.73–2.28)

1.12 
(0.70–1.81)

82.1 (9.3) 80.4 (8.6)
12 months 142.3 

(16.9)
140.3 (14.4) 0.93 

(0.69–1.26)
1.18 
(0.71–1.95)

1.19 
(0.74–1.90)

0.78 
(0.49–1.24)

1.30 
(0.93–1.83)

81.7 (9.3) 80.2 (8.5)
24 months 140.0 

(16.2)
138.2 (13.8) 0.99 

(0.80–1.24)
1.03 
(0.73–1.45)

1.30 
(0.94–1.80)

1.09 
(0.78–1.50)

0.98 
(0.78–1.23)

80.4 (9.0) 79.2 (8-6)
36 months 138.7 

(16.1)
137.2 (13.5) 0.97 

(0.78–1.19)
1.18 
(0.83–1.68)

0.96 
(0.69–1.34)

0.85 
(0.63–1.16)

1.08 
(0.88–1.33)

79.5 (9.2) 78.1 (8-6)
48 months 137.9 

(15–6)
136.6 
(13–6)

0.93 
(0.745–1.15)

1.13 
(0.79–1.61)

1.20 
(0.86–1.67)

0.69 
(0.51–0.94)

0.95 
(0.78–1.15)

78.8 (9.0) 77.5 (8.6)
Study end 139.3 

(17.6)
137.5 (15.0) 0.98 

(0.74–1.29)
0.75 
(0.45–1.25)

1.07 
(0.72–1.59)

0.81 
(0.53–1.22)

0.87 
(0.70–1.09)

79.2 (9.8) 77.7 (9.0)
aUpper values systolic, lower values diastolic
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Comments This study revealed that there were 
no significant differences between the valsartan- 
based regimens and amlodipine-based regimens 
with respect to cardiac morbidity and mortality. 
The most consistent significant difference 
between the groups was in BP control: the 
amlodipine- based regimens were significantly 
more efficacious in reducing BP, especially dur-
ing the early treatment phase. Thus the study 
failed to confirm the authors’ hypotheses, but 
rather found that amlodipine was more effective 
than valsartan. In this study, stroke incidence was 
lower in the amlodipine group than the valsartan 
group. On the other hand, The LIFE study [9] 
showed that losartan-based therapy was better 
than atenolol-based therapy in reducing strokes, 
despite the almost identical BP control of the two 
treatments. However, it could not be determined 
whether this reduction in stroke reflected the pos-
itive effects of the RAAS inhibitor. Especially 
with respect to stroke, even a small BP reduction 
would be important for preventing stroke events. 
The changes in the incidence of excess strokes 
over time in the valsartan group could be best 
explained by between-group differences in BP, 
which were largest in the first year. The results of 
this study provided new insight into the clinical 
importance of reaching the recommended BP 
goals within a relatively short period of time 
(weeks rather than months), at least in patients 
with hypertension who are at high cardiovascular 
risk.

 CAFE: Conduit Artery Function 
Evaluation Within the Anglo- 
Scandinavian Cardiac Outcomes Trial 
(ASCOT-CAFE) [17]

Background At the time of this trial, emerging 
evidence had suggested that central aortic pres-
sure may be an independent predictor of cardio-
vascular damage and clinical outcomes [18, 19]. 
In addition, in small studies, various classes of 
BP-lowering drugs showed different effects on 
central hemodynamic parameters, despite their 
similar effects on brachial artery pressure [20, 
21]. However, there had been no information 
regarding the effects of BP-lowering drugs on 

central aortic hemodynamic parameters in large- 
scale clinical trials.

The CAFE study was designed as a large sub-
study within the Anglo-Scandinavian Cardiac 
Outcomes Trial (ASCOT) [22]. The CAFE study 
provided the first evaluation within a large 
 cardiovascular outcomes trial of the impact of 
two different BP-lowering regimens on central 
aortic pressure.

Objective To test the hypothesis that different 
BP-lowering regimens would have different 
effects on central aortic pressure and cardiovas-
cular outcomes despite their similar effects on 
brachial BP.

Design A prospective, randomized, open-label, 
multicenter, blinded end-point designed clinical 
trial.

Patients Hypertensive patients (n = 2073, 18% 
female, 86% white), aged 40–79  years (mean 
63 years), with untreated or treated hypertension, 
and at least 3 additional cardiovascular risk fac-
tors: male, smoker, age > 55 years, LVH, ECG 
abnormalities of ischemic changes, type 2 diabe-
tes, peripheral arterial disease, cerebrovascular 
disease, microalbuminuria or proteinuria, a ratio 
of plasma total cholesterol to HDL cholesterol of 
≥6, or a family history of premature 
CHD. Hypertension was defined as follows: (1) 
in untreated hypertension, SBP ≥160 mmHg or 
DBP ≥100  mmHg; (2) in treated hypertension, 
SBP ≥140 mmHg or DBP ≥90 mmHg.

Recruitment into the CAFE study began 
1 year after randomization into ASCOT to avoid 
the turbulence of the early BP changes and upti-
tration of treatment, so patients were studied 
when their treatment regimens were stable.

Treatments Patients were randomly assigned a 
regimen of either amlodipine plus a perindopril 
(amlodipine group, n = 1031) or an atenolol plus 
bendroflumethiazide K (atenolol group, 
n  =  1042). The target BP level was SBP/DBP 
<140/90  mmHg for patients without diabetes 
and < 130/80 mmHg for patients with diabetes.  
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In cases with insufficient BP reduction, dose- 
titration steps were used every 6 months as fol-
lows: (1) at randomization, amlodipine 5 mg/day, 
atenolol 50 mg/day; (2) amlodipine and atenolol 
were doubled in dose (amlodipine 10  mg/day, 
atenolol 100 mg/day); (3) perindopril 4 mg/day 
was added in amlodipine group, and bendroflu-
methiazide K 1.25 mg/day was added in the aten-
olol group; (4) perindopril and bendroflumethiazide 
K were doubled in dose (perindopril 8  mg/day 
and bendroflumethiazide K 2.5 mg/day); (5) dox-
azosin gastrointestinal transport system 4 mg/day 
was added in both groups; (6) the doxazosin gas-
trointestinal transport system was doubled in both 
groups (doxazosin gastrointestinal transport sys-
tem 8  mg/day). Baseline peripheral and central 
SBP/DBP levels were 133.2/76.9  mmHg and 
121.2/77.8  mmHg in the amlodipine group and 
133.9/78.6 mmHg and 125.5/79.1 mmHg in the 
atenolol group, respectively.

Peripheral and central BP measure-
ments Peripheral BP was measured using a vali-
dated, semiautomated, oscillometric device 
(Omron 705CP; Omron). Central BP and other 
parameters were measured using a commercially 
available system (SphygmoCor). Aortic pressure 
waveforms were subjected to further analysis by 
using the SphygmoCor software to identify the 
time to the peak/shoulder of the first and second 
pressure wave component (T1, T2) during sys-
tole. The pressure at the peak/shoulder of the first 
component was identified as the P1 height (out-
going pressure wave), and the pressure differ-
ences between this point and the maximal 
pressure during systole (⊿P or augmentation) 
were identified as the reflected pressure wave 
occurring during systole (Fig.  11.10). The aug-
mentation index (AIx), defined as the ratio of 
augmentation to central pulse pressure, was 
expressed as a percentage: AIx = (⊿P/PP) × 100, 

SP

Pressure
(mmHg)

DP

Incisura

ED
Time (msec)

∆P

Alx = (∆P/PP)x100

P1

T0 T1 T2

Fig. 11.10 Hemodynamic parameters derived by pulse 
wave analysis of the central aortic pressure wave. T0 indi-
cates the time at the start of the waveform; T1, duration 
from start of waveform to the first peak/shoulder (outgoing 
pressure wave); T2, duration from start of waveform to the 
second peak/shoulder (reflected pressure wave); ED, ejec-
tion duration, or duration from start of waveform to closure 

of the aortic valve (incisura); SP, central aortic systolic 
pressure; DP, central aortic diastolic pressure; P1, P2 height 
difference between the minimum pressure and the pressure 
at the first peak/shoulder (T1); augmentation (ΔP), differ-
ence between maximal pressure (central aortic systolic 
pressure) and pressure at the first peak/shoulder (P1 
height); PP pulse pressure, and Alx augmentation index
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where P is pressure and PP is pulse pressure. 
Pulse pressure amplification (PPA) was expressed 
as the ratio of central pulse pressure (CPP) to 
peripheral (brachial) pulse pressure (PPP): 
PPA = PPP/CPP.

Major clinical outcomes The primary outcome 
was a comparison of the effects of the 2 treatment 
regimens on central aortic pressures derived from 
applanation tonometry. The secondary outcome 
was a composite clinical outcome comprising all 
cardiovascular events and renal impairment.

Follow-up The mean follow-up time after the 
initial tonometry measurement was 3 years.

 Results
Hemodynamic data Most patients (95%) were 
taking at least 2 BP-lowering drugs, with 56% 
and 60% receiving the predefined combination 
therapy of amlodipine-perindopril, or atenolol- 
bendroflumethiazide, respectively. Only 7.0% 
(amlodipine) and 3.5% (atenolol) of patients 
remained on monotherapy throughout the CAFE 
study.

Figure 11.11 shows representative averaged 
radial artery waveforms and the resulting derived 
central aortic waveforms from individual patients 
with similar brachial BP. Atenolol monotherapy 
was associated with a broader peripheral 
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 waveform and a more prominent late systolic 
peak in the central aortic waveform.

Primary outcomes At the end of the CAFE 
study, brachial BPs were similar between the 2 
groups and had fallen substantially from base-
line: −27.8/−15.7 for amlodipine with/without 
perindopril vs. –26.0/−13.8 for atenolol with/
without bendroflumethiazide. There were signifi-
cant reductions of brachial DBP and central SBP/
DBP in the amlodipine group compared to the 
atenolol group (Table 11.10).

A summary of the BP load for each treatment 
arm is also presented as the mean area under the 
curve (AUC) for each parameter. Despite the 
insignificant differences in brachial SBP (AUC 
difference, 0.7  mmHg; 95% CI –0.4–1.7; 
p = 0.2), derived central aortic systolic pressure 
was substantially lower in the amlodipine group 
(AUC difference, 4.3  mmHg; 95% CI 3.3–5.4; 
p < 0.0001; Table 11.10). There were small dif-
ferences in central aortic diastolic pressure in 
favor of the amlodipine group (AUC difference, 

1.4  mmHg; 95% CI 0.6–2.1; p  =  0.0002; 
Table  11.10). Central aortic pulse pressure also 
was significantly lower in the amlodipine group 
compared with atenolol group (AUC difference, 
3.0  mmHg; 95% CI 2.1–3.9; p  <  0.0001; 
Table 11.10). Heart rate was significantly lower 
in the atenolol group (AUC difference, 10.7 bpm; 
95% CI 9.8–11.5; p < 0.0001; Table 11.10).

P1 height was lower in the atenolol group 
(AUC difference, 0.8  mmHg; 95% CI 0.3–1.4; 
p = 0.003; Table 11.10). However, central aortic 
systolic pressure wave augmentation was 
 markedly increased in the atenolol group com-
pared with the amlodipine group (AUC differ-
ence, 3.8 mmHg; 95% CI 3.3–4.4; p < 0.0001; 
Table 11.10). The augmentation index was also 
increased in the atenolol group (AUC difference, 
6.5%; 95% CI 5.8–7.3; p < 0.0001; Table 11.10).

Secondary outcomes Central aortic pulse 
pressure, central aortic pressure wave augmen-
tation, and outgoing pressure wave height (P1 
height), along with brachial pulse pressure, were 
significantly associated with the composite end-

Table 11.10 Hemodynamic and pulse wave analysis parameters by treatment arm for the CAFE cohort

Parameter Atenoiol Amlodipine
Difference 
(Atenoiol–Amlodipine)

Statistics t Test 
(P)

Peripheral SBP, mm Hg 133.9 (133, 134.7) 133.2 (132.5, 133.8) 0.7 (−0.4, 1.7) 0.2
Peripheral DBP, mm Hg 78.6 (78.1, 79.1) 76.9 (76.4, 77.4) 1.6 (0.9, 2.4) <0.0001
Peripheral PP, mm Hg 55.3 (54.6, 56) 56.2 (55.6, 56.9) −0.9(−1.9, 0) 0.06
Heart rate, bpm 58.6 (58, 59.2) 69.3 (68.6, 69.9) −10.7 (−11.5, −9.8) <0.0001
Central SBP, mm Hg 125.5 (124.7, 126.3) 121.2 (120.5, 121.9) 4.3 (3.3, 5.4) <0.0001
Central DBP, mm Hg 79.1 (78.6, 79.6) 77.8 (77.3, 78.3) 1.4 (0.6, 2.1) 0.0002
Central PP, mm Hg 46.4 (45.7, 47.1) 43.4 (42.8, 44) 3.0 (2.1, 3.9) <0.0001
Augmentation Index, % 31.9 (31.3, 32.4) 25.3 (24.8, 25.9) 6.5 (5.8, 7.3) <0.0001
Augmentation, mm Hg 15.4 (14.9, 15.8) 11.5 (11.2, 11.9) 3.8 (3.3, 4.4) <0.0001
P1 height, mm Hg 31 (30.6, 31.5) 31.9 (31.5, 32.3) −0.8 (−1.4, −0.3) 0.003
Pulse pressure 
amplification, ratio

1.21 (1.2, 1.21) 1.31 (1.3, 1.32) −0.11 (−0.12, −0.1) <0.0001

T1, ms 109.2 (108.5, 109.9) 106.5 (106, 107) 2.7 (1.8, 3.5) <0.0001
T2, ms 234.1 (232.8, 235.4) 215.2 (214, 216.4) 18.9 (17.1, 20.7) <0.0001
ED, ms 322.5 (321, 324) 302.8 (301, 304) 19.7 (17.5, 22.0) <0.0001
DD, ms 732.8 (724, 742) 588.1 (581, 595) 144.7 (133.1, 156.2) <0.0001

T1 Indicates duration from start of waveform to the first peak/shoulder (outgoing pressure wave); T2, duration from 
start of waveform to the second peak/shoulder (reflected pressure wave); augmentation (ΔP), difference between maxi-
mal pressure and pressure at the first peak/shoulder (P1 Height); Aix, aortic augmentation index–proportion of the 
central pressure wave height attributable augmentation (ΔP)(Aix – (ΔP/PP) × 100); P1 Height, difference between the 
minimum pressure and the pressure at the first peak/shoulder (T1), ED ejection duration (duration from start of wave-
form to closure of the aortic wave [incisura]), and DD diastolic duration (duration from incisura to end of waveform) 
(see Fig. 11.2 for graphical representation)
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point (p  <  0.01) in all models (Table  11.11). 
After adjustment, the central pulse pressure 
remained significantly associated with the com-

posite clinical outcome in all 3 models. In addi-
tion, augmentation and/or peripheral pulse 
pressure were significantly associated with the 

Table 11.11 Updated Cox proportional-hazards modeling for the composite clinical end point in the CAFE cohort

χ2 P HR 95 % CI
Updated Cox proportional-hazards model 
unadjusted
  Model 1 (305 events)
   Peripheral PP 21.0 <0.0001 1.23 1.13–1.34
   Central PP 17.8 <0.0001 1.22 1.12–1.34
   Augmentation 7.1 0.008 1.24 1.06–1.47
   P1 height 19.0 <0.0001 1.43 1.22–1.69
  Model 2 (245 events)
   Peripheral PP 19.7 <0.0001 1.24 1.13–1.36
   Central PP 17.2 <0.0001 1.23 1.12–1.36
   Augmentation 8.9 0.003 1.29 1.09–1.53
   P1 height 15.4 <0.0001 1.42 1.19–1.69
  Model 3 (225 events)
   Peripheral PP 18.0 <0.0001 1.24 1.12–1.37
   Central PP 15.5 <0.0001 1.23 1.11–1.36
   Augmentation 7.7 0.005 1.28 1.08–1.53
   P1 height 14.3 <0.0001 1.42 1.19–1.71
Updated Cox proportional-hazards model adjusted 
for age and baseline risk factors
  Model 1 (305 events)
   Peripheral PP 3.83 0.050 1.10 1.00–1.22
   Central PP 3.91 0.048 1.11 1.00–1.23
   Augmentation 2.26 0.133 1.14 0.96–1.36
   P1 height 3.04 0.081 1.17 0.98–1.40
  Model 2 (245 events)
   Peripheral PP 4.5 0.034 1.12 1.01–1.24
   Central PP 5.0 0.026 1.13 1.02–1.26
   Augmentation 4.2 0.040 1.21 1.01–1.45
   P1 height 2.5 0.114 1.16 0.96–1.40
  Model 3 (225 events)
   Peripheral PP 4.1 0.044 1.12 1.00–1.25
   Central PP 4.1 0.043 1.13 1.00–1.26
   Augmentation 3.1 0.080 1.18 0.98–1.43
   P1 height 2.4 0.118 1.17 0.96–1.42

Cox proportional hazards regression models updated for blood pressure and hemodynamic Indices with time. Hazard 
ratios are presented per 10 mm Hg. The composite clinical outcome variable was all cardiovascular events and proce-
dures plus development or renal impairment (see Data Supplement for details). Model 1 evaluates composite clinical 
outcomes in all patients from time or randomization into ASCOT. Model 2 evaluates composite clinical outcomes in all 
patients from time of first central aortic pressure measurement in CAFE. Model 3 evaluates composite clinical outcomes 
in all patients from time or first central aortic pressure measurement in CAFE excluding patients with events occurring 
prior to this time. Where indicated, models were adjusted for age and baseline risk factors including presence of periph-
eral vascular disease, diabetes mellitus, left ventricular hypertrophy on echocardiogram or ECG, ECG changes compat-
ible with ischemic heart disease, history of cerebrovascular disease, microalbuminuria/proteinuria, plasma 
total:high-density lipoprotein cholesterol ratio greater than 6, family history of coronary artery disease, male sex, age 
over 55 years, or smoking status (current/recently). Blood pressures and hemodynamic factors were entered into the 
model individually and included brachial systolic blood pressure, central systolic blood pressure, difference between 
brachial and central systolic blood pressure, brachial pulse pressure, central pulse pressure, pulse pressure amplifica-
tion, augmentation, augmentation index, and outgoing pressure wave height (P1 Height). Factors showing a significant 
association with the composite end point are shown
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composite clinical outcome after adjustment in 
models 2 and 3.

Comments The ASCOT-CAFE was the first 
study to investigate the effects of different antihy-
pertensive agents on derived central aortic pres-
sure/hemodynamics and cardiovascular 
outcomes. This study showed substantial and 
consistent differences in central aortic pressures 
and hemodynamics in favor of the amlodipine 
with/without perindopril-based therapy vs. aten-
olol with/without bendroflumethiazide-based 
therapy, despite the similar brachial SBP between 
the two treatment arms. These results indicated 
that the different BP-lowering drugs had different 
effects on the central aortic pressure/hemody-
namics despite their similar effects on brachial 
BP, which in turn meant that brachial BP was not 
always a better surrogate for the effect of 
BP-lowering drugs on arterial hemodynamics 
than central aortic pressure. The greatest value of 
this study was its revelation that central aortic 
pressure was an important indicator for the man-
agement of hypertension. However, caution is 
required in interpreting the results of this study. It 
was usual to consider that there was no difference 
between peripheral PP and central PP in Model 1 
of Table 11.11 (peripheral PP: HR 1.10, 95% CI 
1.00–1.22, p = 0.050; central PP: HR 1.11, 95% 
CI 1.00–1.23, p  =  0.048). Considering these 
results, it seemed that reducing the BP itself, 
including brachial and central BP, was the most 
important determinant for reducing the risk of 
cardiovascular outcomes.

 ACCOMPLISH: Avoiding 
Cardiovascular Events Through 
Combination Therapy in Patients 
Living with Systolic Hypertension [23]

Background For patients at high-risk of CVD, 
treatment with multiple antihypertensive medica-
tions is often necessary to attain BP goals. At the 
time of this study, diuretics, CCBs, and ACE 
inhibitors/ARBs were often used in combination 
therapies, but the optimal combinations of anti-
hypertensive medication were still unclear. Also 

around this time, the seventh report of the Joint 
National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood 
Pressure (JNC7) [24] recommended that diuret-
ics should be used in combination therapy. On the 
other hand, several other reports revealed that the 
combination of a CCB and an ACE inhibitor had 
better effects on organ damage compared with 
other antihypertensive combinations [25, 26]. 
Thus, the combination of an ACE inhibitor and a 
CCB was thought to be superior to the combina-
tion of an ACE inhibitor and a diuretic for the 
reduction of cardiovascular outcomes.

Objective To test the hypothesis that treatment 
with an ACE inhibitor combined with amlodipine 
would result in better cardiovascular outcomes 
than treatment with the same ACE inhibitor com-
bined with a thiazide diuretic.

Design A prospective, randomized, double- 
blind, multicenter clinical trial.

Patients Hypertensive patients (n  =  11,506, 
39.5% female, 83% white), aged 60  years or 
older (mean 68.4  years), with an SBP 
≥160  mmHg or currently on antihypertensive 
therapy and at high risk for CVD events; patients 
with a history of coronary events, myocardial 
infarction, revascularization, or stroke; and 
patients with impaired renal function; peripheral 
arterial disease; left ventricular hypertrophy; or 
diabetes mellitus. Patients aged 55–59 years were 
included if there was evidence of their having 
two or more of the CVD diseases or target-organ 
damages mentioned above [27].

Treatments Patients were randomly assigned a 
combination of 20 mg of benazepril and 5 mg of 
amlodipine (n = 5744) or a combination of 20 mg 
of benazepril and 12.5 mg of hydrochlorothiazide 
(n  =  5762). The target BP level was SBP/
DBP ≤ 140/90 mmHg (or a recommended target 
of SBP/DBP ≤ 130/80 mmHg for patients with 
diabetes or kidney disease). In cases of insuffi-
cient BP reduction, the benazepril component in 
both groups was increased to 40 mg daily 1 month 
after randomization. Thereafter, investigators 
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increased the amlodipine dose to 10 mg daily and 
increased the hydrochlorothiazide dose to 25 mg 
daily, if necessary. The addition of other antihy-
pertensive agents, including β-blockers, 
α-blockers, clonidine, and spironolactone, was 
permitted. Loop diuretics taken once daily were 
permitted for volume management. The dose- 
adjustment period was the initial 3  months. 
Baseline SBP/DBP levels were 145.3/80.1 mmHg 
and 145.4/80.0  mmHg in the benazepril- 
amlodipine and benazepril-hydrochlorothiazide 
group, respectively.

Major clinical outcomes The primary endpoint 
was the time to first cardiac event, which was 
defined as a composite of cardiovascular events 
and death from cardiovascular causes. Death 
from cardiovascular causes was defined as a 
death attributed to sudden death from cardiac 
causes, MI, stroke, coronary intervention, con-
gestive HF, or other cardiovascular causes. A car-
diovascular event was defined as a nonfatal MI, 
stroke, hospitalization for unstable angina, coro-
nary revascularization, or resuscitation after sud-
den cardiac arrest. Secondary endpoints were a 
composite of cardiovascular events, defined as 
the primary endpoint excluding fatal events, and 
a composite of death from cardiovascular causes, 
nonfatal stroke, and nonfatal MI.

Follow-up The mean follow-up was 35.7 months 
for the benazepril-amlodipine group and 
35.6  months for the benazepril- 
hydrochlorothiazide group.

 Results
Drug treatment For the patients in the 
benazepril- amlodipine group, the mean (median) 
daily dose was 36.3 mg (39.4 mg) of benazepril 
and 7.7 mg (8.9 mg) of amlodipine; for patients 
in the benazepril-hydrochlorothiazide group, the 
mean (median) daily dose was 36.1 mg (39.4 mg) 
of benazepril and 19.3 mg (22.1 mg) of hydro-
chlorothiazide. In each group, 32.3% of the 
patients received approved antihypertensive 
agents in addition to the highest dose of study 
medication after 1 year in the study.

Blood pressure The mean BP after dose adjust-
ment was 131.6/73.3  mmHg in the benazepril- 
amlodipine group and 132.5/74.4 mmHg in the 
benazepril-hydrochlorothiazide group. The mean 
difference in BP between the two groups was 
0.9  mmHg systolic and 1.1  mmHg diastolic 
(p < 0.001 for both SBP and DBP). BP control, 
which was defined as SBP/DBP  ≤  140/90 
mmHg, was attained in an average of 75.4% of 
patients in the benazepril-amlodipine group and 
72.4% in the benazepril-hydrochlorothiazide 
group.

Major clinical outcomes The primary-outcome 
event occurred in 552 patients (9.6%) in the 
benazepril-amlodipine group as compared with 
679 patients (11.8%) in the benazepril- 
hydrochlorothiazide group, representing an abso-
lute risk reduction of 2.2 percentage points and a 
relative risk reduction of 19.6% (HR, 0.80; 95% 
CI, 0.72–0.90; p < 0.001) (Table 11.12). The pri-
mary event rates per 1000 patient-years were 
32.3  in the benazepril-amlodipine group and 
39.7  in the benazepril-hydrochlorothiazide 
group. For the secondary endpoint of cardiovas-
cular events, there were 494 events (8.6%) in the 
benazepril-amlodipine group and 592 events 
(10.3%) in the benazepril-hydrochlorothiazide 
group, representing an absolute risk reduction of 
1.7 percentage points and a relative risk reduction 
of 17.4% (HR, 0.83; 95% CI, 0.73–0.93; 
p = 0.002) (Table 11.12).

Adverse events The cumulative rate of discon-
tinuation of a study drug was similar in the two 
groups (28.8% and 31.2% in the benazepril- 
amlodipine group and the benazepril- 
hydrochlorothiazide group, respectively). The 
most common reasons for discontinuation of the 
study medication were an adverse event or 
laboratory- test abnormality; 17.6% of the patients 
in the benazepril-amlodipine group and 18.4% of 
those in the benazepril-hydrochlorothiazide 
group discontinued the study medication for 
these reasons, with 13.4% and 14.3% of patients, 
respectively, discontinuing treatment due to 
adverse events alone.
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Table 11.12 Hazard ratios for primary, secondary, and other prespecified end points, and results of the subgroup 
analysis

End Point
Benazepril–amlodipine 
group (N = 5744)

Benazepril–
hydrochlorothiazide 
group (N = 5762)

Hazard ratio  
(95% CI)a P valueb

Primary
Composite of cardiovascular 
events and death from 
cardiovascular causes — no. 
(%)

552 (9.6) 679 (11.8) 0.80 (0.72–0.90) <0.001

Individual component — no 
(%)
  Death from cardiovascular 

causes
107 (1.9) 134 (2.3) 0.80 (0.62–1.03) 0.08

  Fatal and nonfatal 
myocardial infarction

125 (2.2) 159 (2.8) 0.78 (0.62–0.99) 0.04

  Fatal and nonfatal stroke 112 (1.9) 133 (2.3) 0.84 (0.65–1.08) 0.17
  Hospitalization for unstable 

angina
44 (0.8) 59 (1.0) 0.75 (0.50–1.10) 0.14

  Coronary revascularization 
procedure

334 (5.8) 386 (6.7) 0.86 (0.74–1.00) 0.04

  Resuscitation after sudden 
cardiac arrest

14 (0.2) 8 (0.1) 1.75 (0.73–4.17) 0.20

Subgroup — no. with primary 
end point/total no. (%)
  Sex
   Male 365/3448 (10.6) 461/3515 (13.1) 0.80 (0.69–0.91) 0.001
   Female 187/2296 (8.1) 218/2246 (9.7) 0.83 (0.68–1.01) 0.06
  Age
   ≥65 yr 336/3813 (10.1) 474/3827 (12.4) 0.81 (0.71–0.92) 0.002
   ≥70 yr 260/2363 (11.0) 323/2340 (13.8) 0.79 (0.67–0.93) 0.004
  Presence of diabetes
   Yes 307/3478 (8.8) 383/3468 (11.0) 0.79 (0.68–0.92) 0.003
   No 245/2266 (10.8) 296/2294 (12.9) 0.82 (0.69–0.97) 0.02
Secondary and other
Composite of cardiovascular 
events — no. (%)

494 (8.6) 592 (10.3) 0.S3 (0.73–0.93) 0.002

Composite of death from 
cardiovascular events, 
non-fatal myocardial 
infarction, and nonfatal 
stroke — no. (%)

288 (5.0) 364 (6.3) 0.79 (0.67–0.92) 0.002

Death from any cause — no. 
(%)

236 (4.1) 262 (4.5) 0.90 (0.76–1.07) 0.24

Hospitalization for congestive 
heart failure — no. (%)

100 (1.7) 96 (1.7) 1.04 (0.79–1.38) 0.77

Primary end point plus 
hospitalization for congestive 
heart failure — no. (%)

617 (10.7) 738 (12.8) 0.83 (0.74–0.92) 0.0005

aHazard ratios are for the benazepril–amlodipine group
bThe P values are derived from a log-rank test
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Comments This study revealed that combina-
tion treatment with benazepril plus amlodipine is 
superior to treatment with benazepril plus hydro-
chlorothiazide in reducing the risk of cardiovas-
cular events and of death among high-risk patients 
with hypertension. These results appear surpris-
ing in light of the results of the ALLHAT [10], 
which indicated that amlodipine-based and 
chlorthalidone-based therapy had similar effects 
on mortality and on the rates of stroke and MI 
(Fig.  11.6). For some time, it remained unclear 
why the results were different between the two 
clinical trials. However, our previous study [28] 
might support the results of the ACCOMPLISH 
trial from the viewpoint of central hemodynam-
ics. The Japan-Combined Treatment With 
Olmesartan and a Calcium Channel Blocker 
Versus Olmesartan and Diuretics Randomized 
Efficacy (J-CORE) study [28] demonstrated that 
the extent of the reduction in central SBP in the 
ARB/CCB (olmesartan/azelnidipine) combina-
tion was significantly greater than that in the 
ARB/diuretic (olmesartan/hydrochlorothiazide) 
combination, whereas the difference in the reduc-
tion in brachial SBP between the two groups was 
not significant. The reduction in aortic pulse 
wave velocity (PWV) was also significantly 
greater by the ARB/CCB combination than by 
the ARB/diuretic combination. Because the cen-
tral SBP [17] and aortic PWV [29] have been 
reported to be independent predictors of cardio-
vascular morbidity in hypertensive patients, a 
beneficial effect of RAAS inhibitor/CCB treat-
ment on central hemodynamics might lead to a 
more favorable effect on cardiovascular outcomes 
compared to the RAAS inhibitor/diuretic treat-
ment. In addition, we recently demonstrated that 
the ARB/CCB (irbesartan/amlodipine) combina-
tion significantly reduced nocturnal BP, morning 
BP, and evening BP as measured by information 
and communication technology (ICT)-based 
home BP monitoring devices, and also office BP 
compared to the ARB/diuretic (irbesartan/tri-
chlormethiazide) combination in the 
NOCTURNE study [30]. All these studies indi-
cated that the RAAS inhibitor/CCB combination 
would be superior to the RAAS inhibitor/diuretic 
combination for the reduction of both office and 

out-of-office BP.  Further studies are needed to 
establish the effectiveness of the RAAS inhibitor/
CCB combination compared to the RAAS inhibi-
tor/diuretic combination on perfect BP control.

 Conclusion

We reviewed the nine historical hypertension 
clinical trials. The results of these clinical trials 
indicate the historical transition of antihyperten-
sive medication therapies from classical drugs 
such as diuretics and β-blockers to newer agents 
such as CCBs, ACE inhibitors and ARBs. In 
addition, these trials confirmed the efficacy of 
diuretics in achieving substantial BP reductions. 
The most important points in the management of 
hypertension are to reduce the BP levels signifi-
cantly in the early phase and to reach the BP 
goals without fail, as the VALUE [15] trial dem-
onstrated, especially in high-risk patients with 
hypertensive complications. Among the 
approaches for realizing these objectives, inten-
sive nutritional-hygienic intervention and the 
improvement of lifestyles are perhaps most 
essential for the management of hypertension, as 
clearly indicated by the results of the TOMHS 
[7], which was conducted in the 1980s–1990s. 
These remarkable advances in antihypertensive 
therapy have provided us with the ability to lower 
BP levels in hypertensive patients. Nevertheless, 
we must bear in mind that there remain many 
patients with uncontrolled BP levels [31] and the 
number of such patients will likely increase 
worldwide [32]. Therefore, we must focus our 
efforts on delivering the benefits of antihyperten-
sive therapies to those particular patients for 
whom the cardiovascular outcomes are most 
likely to be improved, and the healthy life span 
extended.
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 Introduction and History

Describing the strengths and limitations of clinical 
trials in a chapter of this book is difficult because 
of the complexity of the issues, the large number 
of relevant publications and the accelerating rate 
of new developments in the field. For these rea-
sons, this chapter is somewhat eclectic in includ-
ing important items especially those pertaining to 
current developments. Making clinical decisions 
on individual patients after consideration of all 
strengths and limitations of clinical trials is diffi-
cult. As Hippocrates stated in the Aphorisms, Life 
is short, and art long, opportunity fleeting, experi-
ence misleading, and judgment difficult. Ὁ βίος 
βραχύς, ἡ δὲ τέχνη μακρή, ὁ δὲ καιρὸς ὀξύς, ἡ δὲ 
πεῖρα σφαλερή, ἡ δὲ κρίσις χαλεπή [1]. He also 
stated that a physician should consider the place, 

the time and the age and other diseases for which 
treatment is needed or not. He anticipated the dif-
ficulties we now face in applying the findings of 
clinical trials to individual patients. Clinical trials 
are essential in establishing the efficacy of phar-
macologic and other interventions, but it may 
be  difficult to make decisions on individual 
patients since the trials include large numbers of 
participants. In Hippocratic terms the “experi-
ence” derived from clinical trials may be “mis-
leading” in the care of some patients. The 
principles of clinical trials and the statistical pro-
cedures used currently were initially developed 
in 1923 [2] by R. R. Fisher and W. A. Mackenzie 
studying the manurial response of different potato 
varieties to different types of manure. Fields of the 
same size were assigned to use different kinds of 
manure or no manure at all. They observed a sig-
nificant variation in weight of potato yield mea-
sured in pounds per field. The unit of measurement 
was the total weight of the potatoes rather than the 
number and size of the potatoes [3]. Thus, the 
weight of potatoes per field, the primary endpoint 
in today’s language, included very small potatoes 
where the manurial treatment was not beneficial, 
analogous to patients who suffer a serious adverse 
event from a treatment proven beneficial by the 
clinical trial. This difficulty in applying the results 
of clinical trials to individual patients is empha-
sized by the statement of a experienced clinician 
who stated “my patients do not walk into my office 
3,000 at a time”.
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Dr. Arun Bhatt has described the evolution of 
clinical research from biblical times to 2010 [4]. 
It appears that the first recorded clinical trial is in 
the Book of Daniel of the old testament, in 
which King Nebuchadnezzar ordered his citizens 
to eat only meat and drink only wine because he 
believed that such a diet would make his people 
stronger. However, several persons of his retinue 
ate vegetables, legumes and drank water. At the 
end, the vegetarians appeared better nourished 
than the meat eaters [5]. The first controlled clini-
cal trial was performed by James Lind in 1747, 
who while working on a ship, performed a com-
parative trial where eating two oranges and one 
lemon every day showed an improvement in the 
manifestations of scurvy compared to several 
types of control. The first use of placebo, “an epi-
thet given to any medicine more to please than 
benefit the patient” was reported in 1963 by 
Austin Flint, of Austin Flint murmur fame. The 
first double blind, controlled clinical trial was 
performed in 1943 by the Medical Research 
Council (MRC) of the UK chaired by Sir Harold 
Himsworth, in over 1000 workers suffering from 
colds. Both the physicians and the patients were 
blinded as to the nature of the allocation. They 
proved that the active agent (patulin) was not 
effective in alleviating the cold. The first random-
ized clinical trial was performed by the MRC in 
evaluating streptomycin for pulmonary tubercu-
losis in 1946. The committee was chaired by Sir 
Geoffrey Marshall with statistical advice by Sir 
Austin Bradford Hill and Philip Hart [6, 7].

 Methods of Establishing Scientific 
Truth

Medical inference is the derivation of conclu-
sions from given information or premises by an 
acceptable form of reasoning. It is based on the 
fact that there are patterns in nature and that the 
past predicts the future. As implied by many phi-
losophers beginning with Aristotle (e.g. 
Carneades, Francis Bacon, Charles Sanders 
Peirce, Carnap, Poper, Levi-Strauss, Derrida, 
John Locke, William James, Avicena, Richard 
Rorty, etc.), we can make inferences using deduc-
tive logic. The statistical techniques were formu-

lated by Fermat, Pascal, Bernoulli, Galton, RA 
Fisher, Tukey, Bradley Efron, Pearson, Chalmers, 
Benjamini and others.

Carneades, a leader of the Athenian Academy in 
the second century B.C., should be given credit for 
developing the notion of probability now used 
widely in science. He was considered a leader in 
thinking about probabilities since he understood 
that “the true and the false may coexist, and by 
weighing the strength of the probability (την του 
πιθανού ροπήν) of each, he considered neither of 
them certain”. He considered that statements may 
be: (1) probable by themselves, (2) probable and 
un-contradicted, or (3) probable, un-contradicted 
and confirmed. This is in agreement with the 
Aristotelian phrase “Ως επι το πολύ”, most of the 
time, about 150 years earlier. An example of a find-
ing that was probable and un-contradicted, but not 
confirmed, was the effect of estrogen replacement 
therapy on health outcomes in post- menopausal 
women. Observational studies reported that estro-
gen replacement therapy markedly decreased the 
rate of acute myocardial infarction [8]. An increase 
in cardiovascular disease, rather than the benefit 
suggested by observational studies, was proven by 
the randomized, double-blind, placebo-controlled 
Women’s Health Initiative, that showed an increase 
in coronary heart disease and stroke [9]. This 
example highlights the difficulty in assigning cau-
sality and in understanding the relationship 
between intervention and outcome.

The following four types of relationship 
between two entities can be defined: (1) none (each 
entity is independent of the other); (2) artefactual 
association (spurious or false association) that 
could be classified into two subcategories i.e. 
chance (stochastic, that is unsystematic variation or 
noise) and bias (systematic variation i.e. variation 
in one direction); (3) indirect association (con-
founding) where the two entities are both related to 
another entity. Confounding gives the false impres-
sion that the two entities in question are directly 
related, and finally; (4) causal or direct association 
where one entity causes the other. An  experiment 
(e.g. a clinical trial) is usually needed to determine 
the presence of direct (causal) association. The 
many types of bias that have been described include 
popularity bias, centripetal bias, referral filter bias, 
diagnostic access bias, diagnostic suspicion bias, 
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unmasking (detection signal) bias, mimicry bias, 
previous opinion bias, wrong sample size bias, 
admission rate (Berkson) bias, prevalence-inci-
dence (Neyman) bias, diagnostic vogue bias, diag-
nostic purity bias, procedure selection bias, missing 
clinical data bias, starting time bias, unacceptable 
disease bias, migrator bias, membership bias, non-
respondent bias, volunteer bias, contamination 
bias, withdrawal bias, compliance bias, therapeutic 
personality bias, bogus control bias, unacceptabil-
ity bias, obsequiousness bias, expectation bias, 
substitution game, family information bias, expo-
sure suspicion bias, recall bias, Hawthorne atten-
tion bias, instrument bias, post-hoc significance 
bias, data dredging bias (“looking for the pony”), 
scale degradation bias, tidying-up bias, repeated 
peeks bias, the biases of rhetoric, all’s well litera-
ture bias, one-sided reference bias, positive results 
bias, hot stuff bias, mistaken identity bias, cogni-
tive dissonance bias, magnitude bias, significance 
bias, correlation bias, under-exhaustion bias, insen-
sitive measure bias, rumination (underlying cause) 
bias, and last-digit preference bias, etc.

One would expect that random variation (error) 
would result in a decrease of the likelihood of find-
ing an effect. However, the assumption that mea-
surement error always reduces the effect size is false, 
and is observed primarily in studies with small (less 
than 1000 participants) sample size. [10].

The first hypertension randomized clinical trial, 
the Veterans Administration Cooperative Study 
Group on Anti-hypertensive Agents, was pub-
lished in JAMA in 1967 [11]. It included only 143 
patients with a diastolic blood pressure between 
115 and 129 mm Hg and proved overwhelmingly 
that treatment was superior to placebo. Since that 
time, a plethora of clinical trials on hundreds of 
thousands of patients has proven the benefits of 
pharmacologic therapy in treating hypertension. 
These trials answer different questions at different 
time periods in the evolution of pharmacologic 
therapy for hypertension (Fig. 12.1). After the first 
VA study, the first MRC trial and the first Australian 
Blood Pressure trial proved that control of hyper-
tension at lower levels than the VA study was ben-
eficial. The EWPHE trial, the second MRC trial, 
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Fig. 12.1 Timeline of clinical trials in hypertension 
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ferent pharmacologic approaches have been used

12 Advantages and Disadvantages in Clinical Trials



218

and the STOP Hypertension trial reported a benefit 
of treatment in older patients with hypertension. In 
the 1990s, SHEP, SYST-EUR and SYST-China 
demonstrated the benefit of treating isolated sys-
tolic hypertension in older adults. HYVET 
extended the benefit of antihypertensive therapy to 
the very old, while TROPHY indicated that hyper-
tension may be prevented or postponed. Current 
studies are examining the benefit of multifactorial 
intervention in treating hypertension and other risk 
factors (TIPS, polypill), the benefit of lower sys-
tolic blood pressure targets [12], and the use of the 
Mediterranean diet (HELIOS). In addition, 
SPRINT, and to a lesser extent ACCORD, as well 
as a meta-analysis by the BPLTTC indicate that 
lower targets result in better outcomes [13].

 The Bradford Hill Criteria

The Bradford Hill Criteria that are commonly used 
in accepting causal associations were proposed by 
Bradford Hill in 1937 [14]. The criteria included 
coherence with existing information, time sequence, 
specificity, consistency (reproducibility), strength 
i.e. quantitative strength (effect size), dose-response 
relationship (biological gradient), biological plausi-
bility and quality of study design [15]. These crite-
ria do not guarantee reproducibility as he has stated. 
“At its best such a trial shows what can be accom-
plished with a medicine under careful observation 
and certain restrictive conditions. The same results 
will not invariably or necessarily be observed when 
the medicine passes into general use.” The criteria 
have been modified from time to time to include 
consistency of the effect, association with other 
studies, analogy (other similar associations) and 
randomized controlled trials [16, 17].

 Types of Studies in Clinical 
Medicine

 Case Reports and Case Series

These are useful in bringing to the attention of the 
scientific community unusual or interesting clinical 
scenaria. Case reports are inexpensive, include 
detailed data, are useful for rare diseases, and may 
be used for comparison of different interventions. In 

some instances, case reports and case series open 
new avenues for research. For example, early papers 
about PCSK9 mutations resulted in the growing 
volume of research and publications, as well as the 
marketing of new pharmacologic agents [18].

 Cross Sectional Studies

These studies provide information on a cross section 
of a population at a given time. They may be very 
large, and are useful especially in epidemiology. 
They include information on exposure and outcome, 
and can be conducted rapidly. However, since it is 
difficult to examine causal relationships and evaluate 
confounding, these studies are frequently used to 
generate rather than confirm hypotheses.

 Cohort Studies

Cohort studies compare groups of individuals 
who are exposed or not exposed to a risk factor. 
They measure what percentage of those exposed 
and those not exposed who will develop the dis-
ease during follow-up (Fig. 12.2). Cohort stud-
ies can be used to study multiple outcomes with 
one exposure. They may be used for hypothesis 
confirmation when the hypothesis is pre-stated 
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Fig. 12.2 Cohort studies and case control studies. Both 
types of studies examine exposed or cases (A) and unex-
posed controls (B, C) patients. Case control studies are 
uniquely suited for rare conditions (comparing A to B). In 
that situation cohort studies would be very large and 
impractical. On the other hand, cohort studies (comparing 
A to C) provide data on incidence of events at different 
points of time
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or hypothesis generation when a significant 
finding is observed that was not in a pre-stated 
hypothesis. Cohort studies may be prospective 
or retrospective. Both report on temporal rela-
tionships, can evaluate several outcomes simul-
taneously, are useful in examining uncommon 
risk factors, and allow for nested studies. A sig-
nificant advantage of retrospective cohort stud-
ies is that they can be conducted rapidly. 
Limitations are that they are not efficient in 
studying rare diseases and that  prospective 
cohort studies may be expensive. Retrospective 
cohort studies have the additional problem of 
incomplete recall. Cohort studies provide infor-
mation on the incidence of the disease in the 
exposed and unexposed groups. This informa-
tion cannot be obtained from case control 
studies.

 Case Control Studies

Case controlled studies are similar to cohort 
studies with respect to having exposed and unex-
posed groups and the occurrence or nonoccur-
rence of the disease. Unlike cohort studies, cases 
are matched to controls and then the occurrence 
of disease in cases and controls is evaluated 
either prospectively or retrospectively. Case con-
trol studies are uniquely suitable for rare condi-
tions, where cohort studies require a very large 
number of participants. However, case studies do 
not provide information of the incidence of the 
disease in the exposed and unexposed groups 
(Fig. 12.2).

 Randomized Clinical Trials

In discussing the significance of clinical trials we 
need to distinguish several types of significance: 
(1) stochastic significance, described by the p 
value (related to alpha error), the point estimate 
and confidence interval as well as the statistical 
power (related to beta error) (2) the scientific 
inference (Bayesian), determined by the findings 
of the trial in conjunction with plausibility from 
basic science, epidemiology, prior trials, and 
other information and (3) clinical (quantitative) 
significance.

Variables used in describing clinical trials 
from the quantitative point of view include the 
rate difference, risk ratio and odds ratio as defined 
by a two-way contingency table as shown in 
Fig. 12.3.

The risk of an event in the active group is the 
number of events divided by events plus non- 
events i.e. the probability of an event among 
all subjects randomized to active.

The risk of an event in the control group is the 
number of events in the control group divided 
by events plus non-events i.e. the probability 
of an event among all subjects randomized to 
control.

The risk ratio is the event rate in the active group 
divided by the event rate in the control group.

The risk difference (absolute risk reduction) is 
the event rate in the control group minus the 
event rate in the active group. The number 
needed to treat (NNT) is the number needed to 
treat to prevent one event and it is the recipro-
cal of the risk difference. The number needed 
to harm (NNH) is the number needed to cause 
one (adverse) event and it is the reciprocal of 
the event difference or risk difference (increase 
risk of adverse event).

The odds in the active group are the risk of an 
event divided by the number of non-events. 
This is equal to risk of an event in the active 
group divided by one minus risk of an event in 
the active group.

The odds in the control group are the risk of an 
event divided by the number of non-events. 
This is equal to risk of an event in the control 
group divided by one minus risk of an event in 
the control group.

The odds ratio is the ratio of the odds in the active 
group divided by the odds in the control group.

The relationships among these variables are not 
linear and they depend on the risk difference 
or risk ratio of an event as described above. A 
statistically significant quantitative clinical 
effect is not necessarily a clinical relevant 
effect. The latter depends on the clinical sce-
nario and the individual patient.

Clinical trials are also analyzed from a Bayesian 
perspective. Here, each trial adds to previous 
knowledge suggesting that a hypothesis is true 
(prior probability). In this type of analysis, 
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each new study refines the prior probability 
using the findings of the new trial. In this anal-
ysis, the “Bayes factor” or the likelihood ratio 
(LR) is the probability of the new study find-
ing its set of data given (assuming) the null 
hypothesis divided by probability of finding 
the data given (assuming) the alternate 
hypothesis.

The LR is either positive LR+  =  sensitivity/
(1-specificity) or negative LR- = (1- sensitivity)/
specificity. The posterior odds after the new 
trial are equal to the prior odds multiplied by 
the Bayes factor (LR). The simple Bayes factor 
is also called likelihood ratio. The “weight of 
evidence” is equal to the log Bayes factor 
(LR). The likelihood ratio is easy to use 
because it is additive.

 Mendelian Randomization

Mendelian randomization studies combine ele-
ments of epidemiology and randomized clinical 
trials and are used in many fields including car-
diovascular medicine. These studies address the 
issue of causal relationships in a way that was 
not predicted by Bradford Hill. Mendelian ran-
domization studies can be classified as experi-
ments of nature on the relationship of risk 
factor and a disease. They decrease the risk of 
confounding and reverse causality that are sig-
nificant problems of observational studies but 
have other drawbacks as shown in Fig. 12.4. In 
Mendelian studies, the risk (exposure) is the 
presence or absence of a specific allele or group 
of alleles. Such studies have indicated a causal 
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relationship between specific alleles affecting 
cholesterol metabolism with coronary heart 
disease. The same was observed for Lp(a) while 
no definite relationship was observed for high 
sensitivity C-reactive protein. In the field of 
hypertension, a relationship using the GLUT9 
gene that codes for an important urate trans-
porter, indicates that a decrease in serum uric 
acid is causally related to blood pressure lower-
ing. Mendelian randomization addresses three 
specific associations: (1) the association 
between the risk allele or gene (genetic risk) 
and the risk factor (clinical risk factor); (2) the 
association between the genetic risk and the 
outcome of interest (hypertension); and (3) the 
association between the clinical risk factor 
(uric acid) and the outcome (hypertension). The 
authors identified four non-synonymous SNPs 
within GLUT9 with one missense SNP 
(rs16890979) showing the best association. 
This genetic risk was strongly associated with 
uric acid levels (p = 10e−11). They also found 
that the uric acid levels were correlated with 

blood pressure. When patients were on a stan-
dardized high salt diet, the effect was more pro-
nounced than when the patients were on a 
regular diet (0.44 mm reduction in serum uric 
acid, mean decrease in SBP was 2.2 vs. 1.5 mm 
hg) [19]. Limitations of the approach of 
Mendelian randomization include that there 
may be variation in the association of the clini-
cal risk (uric acid), but not with other factors 
that affect the outcome since there may be 
many false positive associations between the 
genetic risk and the clinical risk factor (uric 
acid). Although Mendelian randomization stud-
ies may provide strong support that the clinical 
factor e.g. urate level is causally related to the 
outcome (hypertension), this type of study does 
not provide proof that the genetic risk should be 
used as a predictor in managing patients. Also, 
Mendelian randomization studies, including the 
one discussed above, may have low statistical 
power (Fig. 12.4). Thus, most Mendelian stud-
ies require careful study and validation in other 
cohorts [20].

Box 1: Strengths and limitations of study types

Although none of the following study types are infallible, all are able to provide useful
information about causal inference and can complement each other to achieve increasing
certainty about causality

Observational studies

Aim to examine the association between an exposure and an outcome and to test whether the
association is caused by chance, bias, or confounding
Typically are affected by residual confounding, undetected bias, or reverse causality, which may
generate associations that are not reliable indicators of causality

Randomised controlled trials

An approach to obtain evidence of a causal effect of a treatment or intervention on a disease
process
Eliminates many of the biases and confounding factors that are present in observational studies
Limitations include non-adherence to the assigned intervention, limited external validity, short
term intervention effects, and non-retention, which can all render the results invalid or
questionable
High costs and ethical concerns can also limit the application of the trials in scientific research

Mendelian randomisation studies

Provide a cost effective analogy to a randomised controlled trial by using genetic variants as
proxies to test the causality of an association between exposure and outcome
Is not influenced by the confounding inherent in observational studies and not seriously affected
by reverse causality, but does rely on several assumptions (the genetic instruments should be
associated with the exposure of interest, they should not be associated with known confounders,
and they should affect the outcome solely through the exposure) that can be hard to identify and
control
May lack power when the proportion of trait variance explained by the genetic instruments is
small
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Fig. 12.4 Box 1 describes the strengths and limitations of observational studies, randomized controlled trials and 
Mendelian randomization studies (from BMJ 2017;357:j2376)
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 Pragmatic Trials

The limitations of randomized controlled clini-
cal trials that are described below in a specific 
section of this review, have provided the impe-
tus to develop newer methods to obtain informa-
tion including pragmatic trials [21]. Pragmatic 
trials aim to emulate real world situations by 
comparing two or more interventions [22]. 
Because of their nature pragmatic trials help 
patients, physicians and regulators in making 
clinical decisions. In contrast, randomized trials 
focusing on a specific hypothesis and carried 
out by trial specialists on volunteers who fulfill 
specific inclusion and exclusion criteria are dif-
ficult to apply to the usual patient in the com-
munity (Fig. 12.5). By using randomization and 
allocation concealment, randomized trials opti-
mize internal validity at the expense of external 
validity. Pragmatic trials have high generaliz-
ability and external validity, can be conducted at 
a relatively low cost and report on practices 
used in the community. Weaknesses could 

include potential variability of the quality of the 
data, cross over, lack of standardization and 
possibly loss of follow up.

 Ecologic Studies

Similar to pragmatic trials are ecologic studies. 
These studies provide population level data and 
can describe outcomes of natural experiments as 
mentioned above. They can be conducted very 
rapidly, but suffer from the potential of non- 
causal associations because of residual confound-
ing (ecological fallacy). Also, the data are usually 
not standardized and not comparable from one 
study to another.

 Analyses of Secular Trends

Secular trends of ecologic studies, pragmatic tri-
als, cohort studies, and cross-sectional studies 
provide useful information on changing patterns 
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Fig. 12.5 The reliability of the evidence of the different 
types of studies is inversely related to the generalizability 
of the findings. On the top, meta-analyses provide the 
most reliable evidence, but their applicability to an indi-

vidual patient may be limited. On the other hand, case 
reports and case controlled studies are specifically appli-
cable to the individual study, but they do not provide reli-
able generalizable evidence
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of disease as affected by environmental, political, 
new preventive and therapeutic modalities and 
other factors. It is important to consider method-
ology drift in performing and interpreting studies 
analyzing secular strengths, since with the pas-
sage of time, new diagnostic modalities and 
interventions are developed.

 Non-inferiority Trials

In non-inferiority trials the null hypothesis is 
that the result of the new intervention is worse 
than the control (current intervention) by a non- 
interiority margin that is stated a priori. If this 
null hypothesis is rejected at a pre-specified 
level of statistical significance, a conclusion can 
be reached that the new intervention is non-infe-
rior to the old one. If the upper confidence inter-
val of the study is less than 1, the odds ratio 
value of no difference between the old and new 
trial, superiority of the new treatment can be 
inferred. If the upper value of the confidence 
interval of the new study does not exceed the 
pre-specified non- inferiority margin, non-inferi-
ority is demonstrated. If non-inferiority is pres-
ent but the lower confidence interval is above 1, 
both non- inferiority and inferiority are proven. 
The study is inconclusive when the confidence 
interval of the new study extends above the non-
inferiority margin and below 1 (the no differ-
ence point). The careful selection of the control 
intervention using well performed randomized 
clinical trials is an important consideration in 
conducting non- inferiority trials. A problem 
with this could be that placebo controlled clini-
cal trials may not have been performed. In 
designing non- inferiority trials, caution should 
be exercised in selecting large well controlled 
placebo controlled trials where superiority of 
the active intervention is evident and there is no 
significant change from the time the clinical tri-
als were done and the testing time and that rep-
resent the standard of care. Attention to the 
selection of the endpoint and to possible changes 
in the metrics used are very important, as are 
high rates of adherence to the protocol and 
avoidance of cross over [23].

 Digital (Internet) Trials

The nearly exponential increase in computing 
power and mobile connectivity has fostered the 
development of mobile health technologies that 
are transforming the form and quality of clinical 
research and healthcare on a global scale [24].

The face of clinical trials is undergoing a huge 
transformation because of these advances com-
bined with the increased use of wearable devices 
such as smart phones and the nearly ubiquitous 
availability of WiFi wireless access points. Sixty- 
four percent of the worldwide population uses 
mobile devices, including  91% of US adults. 
Wearable biometric sensors including Fitbits, 
watches, ear phones, head bands and skin patches 
have been developed. These devices continu-
ously record physiological functions without 
being prompted and the connectivity allows 
seamless transmission to “cloud” computers. The 
devices have computational power that would 
cost millions of dollars a few decades ago. The 
emergence of machine learning and of artificial 
intelligence has caused great strides as exempli-
fied by their ability to beat worldwide champions 
in Chess and Go. Cloud computing may include 
individual data on the usual history, family his-
tory, risk factors, habits as well as genomic data 
that are becoming widely available. The data will 
be much more precise and much more inclusive 
than what can be obtained today even in the most 
advanced electronic health records. Blood pres-
sure monitoring without the use of inflatable 
devices using photopletysmography and pulse 
wave transmission allow almost continuous mon-
itoring of blood pressure. Single lead and 12 lead 
EKG monitoring simultaneous with activity level 
and respiratory rate can be recorded and micro-
fluidics and microelectronics allow examination 
of blood, sweat, saliva, tears, urine and breath. 
Also, increased resolution of smartphone cam-
eras that can evaluate our eyes for refractive 
errors and help in dermatologic diagnosis [25]. 
Michael Lauer and associates have recommended 
that literature search and retrieval of publications 
can be improved by peer review comparing the 
findings of other similar publications, meta- 
analyses and guidelines. In this proposal, the 
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published paper will not be the final word on the 
matter as described above and will allow continu-
ing post publication dialogue [26].

New medical specialists, the Medical 
Virtualists, are becoming important in the new 
healthcare and research operations. This term 
could be used to describe physicians who will 
spend the majority or all of their time caring for 
patients using a virtual medium. A professional 
consensus will be needed on a set of core compe-
tencies to be further developed over time. It is 
possible that there could be a need for physicians 
across multiple disciplines to become full-time 
medical virtualists with subspecialty differentia-
tion. Medical virtualists will need specific core 
competencies and curricula that are being devel-
oped at some institutions. In addition to the medi-
cal training for a specific discipline, the 
curriculum for certification should include 
knowledge of legal and clinical limitations of vir-
tual care, competencies in virtual examination 
using the patient or families, “virtual visit pres-
ence training,” inclusion of on-site clinical mea-
surements, as well as continuing education [27].

An essential part of clinical trials is a written 
informed consent that has recently become 
increasingly regulated and standardized [28]. The 
opportunity to answer important clinical ques-
tions using internet data and “big data” and the 
nearly exponential increase in computer power 
and connectivity would require novel approaches 
to obtaining informed consent. Big data that are 
voluminous, vary in content, possess veracity, 
change with time (velocity) and are valuable 
(The 5 Vs). Traditionally, the informed consent is 
written on a paper after fact to face discussion 
with the investigator and after all questions have 
been satisfactorily answered by the investigator. 
An electronic and digital informed consent can 
include electronic information including multi-
media, videos and interactive computer interface. 
The consent must incorporate full disclosure, dis-
cussion, responding to questions and evaluating 
patient understanding by the investigator. Also, 
the investigator must be assured that the consent 
is voluntary and that it is signed. Decisions on the 
amount, style and complexity of the information 
that is provided to potential research volunteers 

need careful consideration. Internet based (digi-
tal) research studies involve the introduction, 
determination of eligibility, signing an informed 
consent and permission to access the information 
concurrently or in the future. The investigator 
does not have to be present during the consent 
process but development of user-friendly plat-
forms is essential. This may be accomplished 
with the ResearchKit on the Apple iOS platform 
[29]. For research cases that require specialized 
assessment or treatments that cannot be per-
formed through the internet, treatments can be 
made by research nurses who can make home 
visits. Medications may be delivered, and unused 
medications returned, by  the patient through 
secure over night delivery with signature confir-
mation of receipt. The problem of clinically 
important heterogeneity in assigning intensive 
blood pressure treatment effects that may be 
undetectable in digital trials can be diminished 
using sequential randomization trial designs [30].

 Meta-analyses of Clinical Trials

Meta-analyses allow pooling of results to prove 
more robust effects, can adjust for quality of 
included studies and, most important, do not 
require new data collection. Because of this, 
many meta-analyses testing different hypotheses 
are published. However, there is a possibility of 
publication bias if only meta-analyses with posi-
tive results are reported. Use of appropriate sta-
tistical models (random effects) and using more 
stringent values for signifcant repeated meta- 
analyses are important.

Meta-analyses are at the top of evidence-based 
medicine (Fig.  12.5). However, they have many 
limitations including publication bias, heteroge-
neity in effects, variability in the quality of the 
studies included, heterogeneity in inclusion crite-
ria, exclusion criteria, duration of follow-up, end 
points of interest, etc. A commentary entitled 
Meta-Analysis, Meta-Regression, and Meta- 
Physics implies the similarity in the underlying 
methodology of the three entities [31]. In the first 
sentence of meta-physics, Aristotle stated that by 
nature humans thirst for knowledge. Reading only 
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the first sentence would encourage persons to 
learn including performing meta-analyses. The 
second sentence, however, states that a sign (of 
the thirst for knowledge) is our love of the senses, 
especially the eye sight. This is consonant with a 
preference of many of us of looking at each clini-
cal trial in itself rather than performing a meta- 
analysis [31]. On the other hand, well performed 
meta-analyses employing good quality studies 
and appropriate statistical techniques may be use-
ful especially in analyzing effects of medications 
or other interventions among patient subsets that 
are under represented in existing studies. For 
example, since women were under- represented in 
trials of statins, some health care providers 
assumed that absence of a significant effect in 
women was proof of lack of an effect, a classical 
type 2 error. A meta-analysis proved that women 
and men benefited to a similar degree in primary 
prevention and secondary prevention [32]. 
Readers of meta-analyses must understand and 
scrutinize the following terms: confounding 
where a variable (confounder) is related to expo-
sure and outcome and may account for an associa-
tion or lack of an association between exposure 
and outcome. Confounding may be ameliorated 
using matching to produce similar distribution of 
the confounder across the two groups examined. 
This may be done using propensity scores. I2 is a 
quantitative measure of the consistency of treat-
ment effects across the studies that were included 
in the meta-analysis and of statistical heterogene-
ity in the effects observed from every study in the 
meta-analysis [33]. Most meta-analyses are per-
formed according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement that includes developing a 
protocol, formulating the research question(s), 
searching for the evidence, assessing the quality 
of studies displaying the results, evaluating publi-
cation bias, exploring heterogeneity describing 
the reliability of the statistical methods perform-
ing metaregression to examine the influence of 
the level of a baseline on the magnitude of the 
observed effect and reporting on the stability of 
the results. Random effects models are more con-
servative and should be employed in all meta- 
analyses unless there is very small heterogeneity.

There is an inverse relationship between the 
reliability of the conclusions and the applicability 
of the results in individual patients. Large clinical 
trials and meta-analyses provide precise effect 
measures but are difficult to apply to individual 
patients. The opposite is true of case reports and 
case series where the findings pertain to one or a 
small number of patients but the findings cannot 
be generalized to the patients at large (Fig. 12.5).

 Strengths of Randomized Clinical 
Trials

 Randomization, Blinding 
and Allocation Concealment

Randomization and allocation concealment 
assure accounting for known and unknown con-
founders and is a sine qua non for determining 
efficacy of interventions.

 Effect Size

As stated above and shown in Fig. 12.3 there are 
important differences among the ways that the 
findings of randomized clinical trials are pre-
sented. Figure 12.6 shows the effect of placebo 
and active chlorthalidone based therapy among 
patients with isolated systolic hypertension. In 
the inset, one may observe that the relative risk 
reduction (approximately 50%, in red) is much 
higher than the absolute risk reduction (about 
2%, in light blue) [34]. The effect of clinical tri-
als in cardiovascular medicine is affected mark-
edly by the duration of follow up. With the 
passage of time, all patients in a randomized 
clinical trial die (when the endpoint is death) or 
are censored or develop another non-fatal event. 
The differences between active and placebo 
depends on the time of observation and it 
increases with the passage of time, until approxi-
mately 17 years with SHEP, and the placebo and 
control groups survival curves converge until 
everyone is either dead or has developed the 
non-fatal endpoint. The idealized diagram 
included in Fig.  12.7, the gain in survival 
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 associated with active treatment, is shown as the 
difference between the two curves at any given 
probability of survival. Using the 50% probabil-
ity of survival, one may estimate the gain in 
median survival time. Using the horizontal axis, 
one may examine the gain in survival at any 
given time interval (5  years) (Fig.  12.7). The 
overall effect between treatment and control 
group, is the difference between the two survival 
curves. Figure  12.8 presents the difference in 
survival between the active and placebo groups 
in the SHEP clinical trial. An increase in survival 
free of cardiovascular death is observed in the 
active treatment group.

 Blinding

A blind study that involved historical figures 
was performed in  1785 [35] by a committee 

convened by Louis XVI, the King of France, to 
report on the existence of animal magnetism. 
The panel included Benjamin Franklin of 
Philadelphia, and the equally famous chemist 
Lavoisier. They reported that when there was 
visual contact between the subject and the 
experimenter, the magnetism was present, while 
when visual contact became impossible because 
of intervening screen, there was no animal mag-
netism [35].

There are several levels of blinding including 
un-blinded studies, where no one in the investi-
gative team is blinded. In a single blind study, 
only the patients are blinded on the treatment 
allocation. A more common design is a double-
blind study where both the experimenters and 
the research subjects are blind. Blinding per-se 
is not useful if the allocation to active or placebo 
or to different treatments is not maintained. It is 
possible that after the patients have been 
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Fig. 12.6 An example of the importance of risk ratio or 
relative risk reduction as compared to risk difference or 
absolute risk reduction is shown in the figure. In SHEP the 
relative risk reduction of heart failure is about 50%, but 

this corresponds to only a 2% absolute risk reduction. 
Both notions must be used in examining the efficacy of 
clinical trials (Kostis et al. JAMA 1997;278:212–6)
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Weinstein N Engl J Med 1998;339:380-6
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Fig. 12.7 A hypothetical description of the long-term 
effect of an intervention compared to control on survival. 
It is assumed that at the end of the follow-up (in this case 
10 years) all patients in both the intervention and control 
groups are dead. This allows the evaluation of differences 
between intervention and control groups at any survival 

probability level e.g. median survival on the horizontal 
axis as well as the differences between the two conditions 
at any given time (5 years in this figure) (Weinstein N 
Engl J Med 1998;339:380-6). The area between the two 
curves corresponds to the net benefit of the intervention 
throughout the follow-up
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Fig. 12.8 The survival at the 22-year follow-up of SHEP 
was examined using the concept described in Figure 12.7. 
Life expectancy gain, expressed as the area between the active 

and placebo groups, was 158 days (95% CI, 36-287; P = .009) 
for cardiovascular death (Kostis et al. 2011;306:25888–93)
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 randomized and received the allocated therapy, 
the allocation assignment may be revealed to the 
subject and/or the investigator. This may be 
done unwittingly or because of obvious differ-
ences in physical or laboratory findings during 
the conduct of the study. For example, a com-
mon side effect (unrelated to the outcome of the 
study) occurring among individuals in one of 
the randomized groups may occur, in which 
case the patients or investigators may be 
unblinded. In other studies, the patients, the data 
collectors, and the investigators may be blinded. 
Although the function of the DSMB is to protect 
human subjects from harm, and members of the 
DSMB see summary and individual data on all 
patients, blinding may be maintained by naming 
the groups with a code (A, B, C). Unblinding is 
performed when the outcomes are unbalanced 
as determined by the Lan- DeMets stopping 
boundaries. In some instances, two sequential 
crossings of the boundaries, in the same direc-
tion, may be used to stop the study. This 
decreases the stochastic (chance, noise) vari-
ability. It takes careful consideration of the eth-
ics to decide to stop or continue the study. 
Continuing the study when there are more seri-
ous adverse events in the active treatment group, 
exposes the participants to unnecessary harm. 
On the other hand, stopping the study prema-
turely may make the study uninterpretable and 
the effort and expense could be for naught. 
Studies may be stopped for three reasons: thera-
peutic triumph (where the active treatment is 
clearly worse than control), toxic catastrophe 
(where the active is clearly better than the inter-
vention), and futility (when continuation of the 
study to it’s conclusion would not yield signifi-
cant differences among the randomized groups). 
It has been proposed, and usually accepted, that 
analysts be blinded as well. Since many of the 
decisions to stop, as well as other aspects of the 
analysis are to a certain degree arbitrary, caution 
should be exercised to protect “our obsession 
with eminence warps research” [36]. This ten-
dency to assign more weight to studies with 
well-known researchers could be decreased by 
performing the initial work with blinded authors 
and institutions where the research was done.

 Intention to Treat (ITT) Analysis

Clinical trials should be analyzed using the inten-
tion to treat (ITT) rule. This, in addition to blind-
ing, allocation concealment, completeness of 
follow up and adherence to medication assures 
unbiased findings. ITT analysis of longitudinal 
studies rests on two principles i.e. all patients 
who are randomized to the study groups (active 
and control) should be included in the analysis, 
and this analysis would determine the size of the 
treatment effect. ITT analysis suffers from drop- 
outs, especially when the duration of follow-up is 
long. This could decrease statistical power, 
because the reason for dropping out is not known. 
If the reason for the drop out is the occurrence of 
side effects or decreased tolerability related to the 
primary end-point of the trial, ITT analysis could 
be overly optimistic. The alternative is to do as- 
treated or per protocol analysis, where the sub-
jects randomized to either the control or the 
active groups would be compared according to 
whether they took the assigned randomized treat-
ment. In large, well-controlled clinical trials such 
as the Women’s Health Initiative, the two analy-
ses yield similar results both directionally and 
with similar effect size and confidence intervals. 
A problem occurs when the two analyses diverge, 
a situation that may occur especially when the 
rate of drop-outs is high. When the event is not 
fatal, and other variables are examined, the LOCF 
(last observation carried forward) may be used 
although it suffers from the bias that the drop- 
outs may be different than those who continued. 
Methods of multiple imputations of the missing 
values, following drop-out, have been described 
and yield less biased results [37].

 The Placebo and Nocebo Effects

The placebo and nocebo effects are very power-
ful, especially when subjective effects are evalu-
ated. In a study we performed several years ago, 
patients with angina who were on placebo 
improved almost to the same extent as those who 
were treated with beta-blockers, and both of those 
improvements in time on the treadmill were lower 
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than those obtained by exercise conditioning. 
However, the double-product (SBPxHR) that 
quantifies the work of the heart, was lower after 
beta-blockade, unchanged after conditioning, and 
higher with placebo. The results of this study 
imply that placebo allowed the patients to exer-
cise to a higher cardiac workload before the 
occurrence of angina. The importance of the pla-
cebo effect was demonstrated in the ORBITA ran-
domized trial of the effect of PCI and a placebo 
procedure on angina relief [38]. Symptomatic and 
exercise improvement from baseline was similar 
in the PCI and placebo groups.

The presence and magnitude of the placebo 
effect depend on the context including character-
istics of the treatment (such as color, size and 
shape of the medication), characteristics of the 
patient (specific illness, adherence to medication 
and anxiety), the characteristics of the physician 
(e.g. gender, status, treatment and illness beliefs), 
on the physician-patient relationship (e.g. com-
passion, reassurance and suggestion of potency 
of the medication), and the health-care setting 
(e.g. home, hospital, office, room layout). The 
placebo effect is more pronounced when continu-
ous and subjective, rather than objective or 
binary, variables are considered.

Adherence to placebo is also related to mortal-
ity. This was made clear in a report from the 
Coronary Drug Project where the effect of good 
adherence (>80%) to placebo and to active medi-
cation (clofibrate) was associated with lower all- 
cause death. Although there was no difference 
between placebo and clofibrate at 5-year adjusted 
mortality, patients with good adherence to pla-
cebo (or clofibrate) had 40% lower mortality than 
patients with low adherence [39]. This lower 
mortality of patients who adhere to placebo may 
be attributed to the higher attention to other risk 
factors and better attention to their health. After 
logistic regression analysis, where adherence and 
the percentage of persons lost-to-follow up, were 
accounted for separately, the difference attributed 
to the placebo effect decreased markedly but 
remained statistically significant [40].

Nocebo, describes a situation where unwel-
come adverse effects are attributed to placebo. 
These effects are not explained by known 

 pathophysiologic mechanisms, increase the bur-
den and cost of illness and decreases adherence. 
In addition, the nocebo effect may lead to addi-
tional unnecessary therapy used to treat the 
“imaginary” adverse effects of nocebo. A current 
example is the rate of adverse joint, muscle and 
CNS effects attributed to statins. While such dif-
ferences are not observed in randomized, double- 
blind studies, they are observed in unblinded 
studies. In the ASCOT trial, these adverse effects 
of statin therapy were observed only in the 
unblinded phase of the study but not in the pla-
cebo controlled blinded phase [41].

 Methods of Evaluation of Clinical 
Trials

Items that are commonly examined in evaluating 
clinical trials include the type of patients included 
or excluded by the protocol, the pool from where 
the patients are recruited, and the percentage of 
participants who were recruited from the pool. 
These items evaluate the external validity of a 
study, i.e. to the applicability to the population of 
patients with the disease in question. The internal 
validity is determined by drop-outs, crossover, 
contamination and cointervention [42].

A one-to-one randomization ratio is more effi-
cient from the statistical point of view, while 
higher ratios, e.g. 2-1 or 3-1, in favor of the active 
medication, are frequently used when long-term 
follow-up of patients is planned in order to evalu-
ate adverse effects and long-term efficacy. 
Balance of baseline characteristics and allocation 
concealment are important. Contamination, 
crossover, compliance, co-intervention, and 
count, the five “Cs”, are easy to remember items 
to use in evaluating the quality of clinical trials. 
Choice of a well-defined clinically relevant out-
come is important in assuring the implementation 
of the findings of a trial. Analyses, it could be ITT 
(as discussed above) or per protocol, subgroup 
analyses, are more reliable if pre-specified, and 
the precision should be reported with confidence 
intervals rather than p-values. In addition to the 
statistical quantification of the effect (RRR vs 
ARR), the clinical importance of the effect should 
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be described, and the findings of the trial should 
be put in broader perspective using Bayesian 
analysis and the Bradford Hill criteria.

Many issues and stakeholders affect the com-
plexity and influence the design and conduct of 
multi-center clinical trials. They are (1) geography 
(including multiple sites, multiple investigators, 
multiple IRBs, differences in care, variation in eth-
nic background, variation in diet, and tobacco use, 
(2) regulatory agencies (multiple requirements, 
variety of approval tracks, variety of documenta-
tion) (3) payers (including health insurers, national 
health agencies, patients), (4) clinical operations 
(pertaining to protocol implementation, collection 
and security of data, patient selection, recruitment 
and retention, end point adjudication, and use of 
placebo), (5) personnel (investigators, monitors, 
statisticians, managers, DSMB, consultants, aca-
demic collaboration), (6) design (endpoints, com-
posite endpoints, surrogate markers, and 
biomarkers) and (7) advocacy organizations and 
professional societies and medical journals [43]. 
Xue and associates have tabulated the strengths 
and limitations of observational studies, random-
ized controlled trials and Mendelian randomiza-
tion studies (Fig. 12.4, [44]).

 The Hawthorne Effect in Research

The Hawthorne effect was publicized by Henry 
A. Landsberger in 1958 when he analyzed earlier 
experiments from 1924–32 at the Hawthorne 
Works (a Western Electric factory outside 
Chicago) (Wikipedia accessed December 18, 
2017). The Hawthorne Works had commissioned 
a study to see if their workers would become 
more productive in higher or lower levels of light. 
The productivity appeared to improve when 
changes were made, and slumped when the study 
ended. Other changes such as maintaining clean 
work stations, clearing floors of obstacles, and 
even relocating workstations resulted in increased 
productivity for short periods.

The Hawthorne effect describes a change in 
behavior where individuals modify or improve an 
aspect of their behavior in response to their 
awareness of being observed.

The Hawthorne effect may affect the behavior 
and behavior related outcomes in research stud-
ies where some or all research subjects know that 
their behavior is observed by data collection.

 The “Secondary Hawthorne Effect”

The Hawthorne effect may also influence the 
investigators. This “secondary Hawthorne effect” 
was described by Nat Breslau who observed that 
researchers arrived at different results when ana-
lyzing the same secondary data using the same 
methods [45]. The Secondary Observer Effect 
where researchers working with secondary data 
such as survey data or various indicators may 
impact the results of their scientific research. The 
researchers may choose different seemingly 
innocuous steps in their analyses that end up 
causing significantly different results using the 
same data [46].

 The Trial Effect

Similar to Hawthorne effect is the trial effect. 
Various medical scientists postulate that, beyond 
the attention and observation of trial participants, 
other factors such as better care, better compli-
ance/adherence and selection bias may explain 
the effect. It may be due to the recruitment of 
patients with better adherence potential and 
lesser likelihood of drop out. Also, the inclusion/
exclusion criteria of trials often exclude at least 
some patients with comorbidities; although this 
is often necessary to prevent confounding, it also 
means that trials may tend to work with healthier 
patient subpopulations [47, 48].

 Specific Limitations of Clinical Trials

 No Inclusion of all Available 
Information

By design, clinical trials address an important 
but  limited aspect of a clinical problem and do 
not explore the entire spectrum of severity, 
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 comorbidities and co-interventions aspects of the 
clinical question. As a result, clinical trials apply 
to a limited proportion of the patients with the 
clinical problem under study and may lead to rec-
ommendations that are not supported by the 
totality of evidence on each issue. Putting the 
findings of the trials in better perspective needs 
additional information including epidemiologic 
facts pertaining to the same or similar problem, 
and integration with pathophysiology and all 
other available information. The Bradford Hill 
criteria are helpful when applied correctly with 
respect to the type and size of prior information 
that is considered.

 Imbalance Between Errors 
of Commission Versus Errors 
of Omission

Application of the results of clinical trials may 
lead to two types of adverse consequences or 
errors: (a) errors of commission, e.g. the occur-
rence of an adverse event after prescribing a med-
ication that was proven by the trial to be beneficial 
overall (e.g. rhabdomyolysis after statin treat-
ment) and, (b) errors of omission, the occurrence 
of an serious adverse event that could have been 
avoided if a patient was not prescribed a medica-
tion proven to prevent such events (e.g. a fatal 
myocardial infarction in patients eligible for sec-
ondary prevention). The practice of assigning 
more blame to the first error (of commission) 
than to the second error (of omission) in other 
words, aiming to avoid errors of commission 
while increasing the probability of errors of 
omission is not justified. It is not supported by 
utilitarian ethics (biggest good for the highest 
number of persons).

 False Positive or False Negative 
Clinical Trials

Single or very small number of clinical trials may 
lead to erroneous recommendations similar to 
those of diagnostic tests where false positive and 
false negative results are considered. False posi-

tive clinical trials may lead to the use of unneces-
sary or harmful interventions while false negative 
trials may result in not using beneficial medica-
tions. An instructive example is the Aspirin 
Myocardial Infarction Study (AMIS), an NIH 
sponsored double blind trial with good adherence 
that arrived at the conclusion “Based on AMIS 
results, aspirin is not recommended for routine 
use in patients who have survived an MI.”, a 
statement that has been proven wrong by studies 
in over 100,000 patients [49]. Although some 
have raised the issue of the high dose of aspirin 
used in this trial, the probable explanation for the 
inconsistency is that AMIS was a false negative 
trial, in a fashion similar to a false negative stress 
test in an older man who smokes, has typical 
angina on effort, an LDL-c of 220 mg/dl an SBP 
of 190 mm Hg and a strong family history. Over 
a period of 50 years, more than 50% of the con-
clusions on medical publications became obso-
lete, and interestingly, reports of studies using 
good methodology did not have much longer sur-
vival than others [50].

 Undue Emphasis on Statistics and p 
Values

The p-value is defined as the probability, under 
“the null hypothesis”, that there is no difference 
between the two drugs or interventions that are 
tested, of obtaining a result equal to or more 
extreme than what was actually observed. The 
p-value is not the probability of accepting the 
null hypothesis. It is not the false positive error 
rate, not the probability that drug A and drug B 
are the same. The p-value is the probability of 
finding a result equal or more extreme than that 
observed in the study under the assumption of no 
difference, the null hypothesis. The p-value mea-
sures discrepancy of the data of a given study 
from the hypothesis and thus describes the study 
not the hypothesis.

Mark and associates have recently stated “P 
values and hypothesis testing methods are fre-
quently misused in clinical research. Much of 
this misuse appears to be owing to the wide-
spread, mistaken belief that they (p-values) pro-
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vide simple, reliable, and objective triage tools 
for separating the true and important from the 
untrue or unimportant [51]. The p-value reflects 
the degree to which the observed data are incom-
patible with the null hypothesis. R. A. Fisher, the 
proponent of the p value, acknowledged the arbi-
trariness of this number stating that it is conve-
nient to take P  =  .05, or 1  in 20 as a limit in 
judging whether a deviation is to be considered 
significant or not [2].

On March  7, 2016, the American Statistical 
Association released a statement on statistical 
significance and p-values [52] and enunciated 
with six principles underlying the proper use and 
interpretation of the p-value as follows.

 1. P-values can indicate how incompatible the 
data are with a specified statistical model.

 2. P-values do not measure the probability that 
the studied hypothesis is true, or the probabil-
ity that the data were produced by random 
chance alone.

 3. Scientific conclusions and business or policy 
decisions should not be based only on whether 
a p-value passes a specific threshold.

 4. Proper inference requires full reporting and 
transparency.

 5. A p-value, or statistical significance, does not 
measure the size of an effect or the importance 
of a result.

 6. By itself, a p-value does not provide a good 
measure of evidence regarding a model or 
hypothesis.

Similarly, Nature published an article written by 
five influential statisticians who recommended 
the following [53]. (1) Consider and make adjust-
ments for human cognition in the era of big data 
and newer statistical techniques. Methods that 
were developed in an era of rare and hard to col-
lect information are not appropriate to handle the 
more diverse, more complex and much bigger 
data sets available now. Use of outdated statistics 
(e.g. p-value), misapplication of the tests and 
misinterpretation of results are not uncommon. 
The p value is one of them. (2) Abandon statisti-
cal significance altogether. Unlike prior effects 

that were rather large, nowadays scientists are 
required to make strong claims from noisy data in 
situations where the effects are small. The current 
approach of null hypothesis significance testing 
i.e. deciding between two inverse claims (“uncer-
tainty laundering”), prevents investigators from 
using many additional ways of analyzing data. It 
is proposed to move beyond binary statements 
and accept variation under different circum-
stances rather than tightening the thresholds for 
statistical significance in multiple comparisons or 
using the false discoveries methods. (3) Report 
on the false positive risk in hypothesis testing to 
complement the p-value. The false positive risk is 
easy to calculate by online available programs 
(http://fpr-calc.ucl.ac.uk). (4) Share the analytic 
plan, the results and the entire data set and pre-
register all analyses. This will go a long way in 
reducing the reproducibility problem and allow 
description of the distribution of outcomes in dif-
ferent circumstances rather than relying on a cat-
egorical yes or no. (5) Change should be done 
from within, with explanations and adoption of 
different norms for different types of results and 
hypotheses.

 Inclusion of Participants Who Do Not 
Represent the Average Patient

The findings of RCTs pertain only to the patients 
that participated in the respective trials or to 
patients very similar to those included in the ran-
domized clinical trials. However, frequently this 
is not the case. At 22  years of follow up the 
Systolic Hypertension in the Elderly Program 
(SHEP) participants had much lower all-cause 
mortality compared to actuarial controls who ful-
filled the following criteria: (1) Each one of them 
was born on the same day as a SHEP participant, 
(2) They were of the same gender and race of the 
SHEP participant, and (3) They were alive on the 
day the relevant SHEP participant was random-
ized (Fig. 12.9). The better outcome in RCTs is 
the exclusion of sicker and unreliable subjects by 
the protocol, the tendency of the investigating 
team to recruit healthier patients who fulfill the 
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inclusion and exclusion criteria, to self-selection 
of healthier, health conscious volunteers with 
better lifestyle, the placebo effect as described 
above, and discovery and management of abnor-
mal findings (incidentalomas”) that when treated 
do not lead to adverse outcomes [48].

Also, there may be a big difference between 
the efficacy observed in clinical trials and the 
effectiveness when a successful therapy is imple-
mented in the community. Juurlink and associ-
ates reported that after the Randomized Aldactone 
Evaulation Study (RALES), demonstrating 
decreased all cause mortality with spironolac-
tone, there was an abrupt increase in the rate of 
prescriptions for spironolactone and in 
hyperkalemia- associated morbidity and mortal-
ity. Also, there were significant increases in the 
rate of readmission for heart failure or death from 
all causes. Possible explanations are the use of 

higher doses of spironolactone, less careful mon-
itoring of serum potassium, and treatment of 
patients who did not fulfill the criteria for inclu-
sion in RALES [54].

 Short Duration

The duration of clinical trials is rather short (4 or 
5 years), while the life-expectancy of the persons 
included in the trials is usually much longer (both 
in truth and in patient expectations). Methods of 
examining the effects of different durations of 
follow up on the difference on survival between 
intervention and control at specific time intervals 
and determination of the time when a given per-
centage of participants in the two groups have 
died, are presented in the effect size section above 
(Fig. 12.7).

Clinical trial participants have lower mortality
than actuarial controls
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Fig. 12.9 Survival probability of patients in the active 
and placebo groups in SHEP compared to controls. The 
control group was constructed from actuarial tables where 
each SHEP participants was matched to an actuarial con-

trol of the same gender and race who was born on the day 
of the SHEP participant and was alive on the day of ran-
domization of each SHEP participant (Kostis et al. 
2011;306:25888–93)
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 The Legacy Effect

Randomized clinical trials do not consider the 
legacy effect where treatment at an early stage 
results in better outcomes. An instructive exam-
ple of the legacy effect is the follow up of the 
Anglo-Scandinavian Cardiac Outcomes Trial 
(ASCOT) [55]. The ASCOT trial compared two 
different antihypertensive treatment strategies on 
cardiovascular outcomes i.e. combined fatal cor-
onary heart disease (CHD) or non-fatal myocar-
dial infarction). The lipid lowering arm was a 
double-blind placebo-controlled trial of atorvas-
tatin in participants with high total cholesterol 
concentrations at baseline. The lipid arm was 
stopped prematurely after a median 3.3  years 
follow-up because of substantial cardiovascular 
benefits in those assigned to atorvastatin. 
However, the patients in this arm continued to be 
followed to the end of the blood pressure arm. At 
that time, 2.2 years later, the relative risk reduc-
tion in primary events among those originally 
assigned to  statin (10  mg atorvastatin) treat-
ment  remained unchanged although all patients 
received atorvastatin and LDL was similar. 
Carry-over benefits from those originally 
assigned atorvastatin, but no longer taking the 
drug, may account for unchanged relative risk 
reductions in most cardiovascular endpoints.

Our group published a meta-analysis of all 
randomized lipid lowering trials in which  the 
patients were followed after discontinuation of 
the lipid lowering treatment. This analysis 
showed a legacy effect where at long term fol-
low- up a statistically significant benefit in all- 
cause mortality was observed years after 
discontinuation of lipid therapy. The Legacy 
effect may be attributed to delay of progression 
(or regression) of atherosclerotic disease and to 
the prevention of non-fatal events that damage 
the heart to increase the risk of future mortality 
[56]. In the niacin arm of the Coronary Drug 
Project trial a decrease in non-fatal myocardial 
infarction by niacin during the randomized phase 
of the trial resulted in a decrease of all-cause 
mortality 11 years later. A similar legacy effect 
has been shown with blood pressure lowering 
agents [56].

 Delay Between Hypothesis 
and Publication

A less publicized limitation of clinical trials is the 
long time between the design of the study (pre-
sumably after consideration of the majority of 
relevant information and establishing equipoise) 
and the publication and dissemination of the 
results (the shifting target problem). New knowl-
edge from biology and epidemiology, lower than 
projected event rates, delays between the com-
pletion of the trial, analysis and publication, and 
the development of newer pharmacological inter-
ventions detract from the usefulness of the trials.

 The Statistical Power of Clinical Trials

Estimating the statistical power of clinical trials 
is important because underpowered trials do not 
arrive at firm conclusions in spite of great expense 
and effort on the part of the organizers, the spon-
sors, the investigators, and the patients who vol-
unteer their time and take clinical risks. For these 
reasons, designing a clinical trial without explicit 
estimation of statistical power for an important 
relevant endpoint verges on the unethical. Clinical 
trials that are discontinued because of futility fre-
quently have overestimated the event rate in the 
control group, the size of the projected effect, or 
the efficiency of recruitment. Usually a fixed 
sample size is calculated using standard 5% level 
of significance and 80% power to detect a given 
(usually 15–25%) difference in the primary out-
come between interventions. Design of event 
driven clinical trials with competitive recruitment 
mitigates this problem. Another approach is to 
design adaptable clinical trials where the conduct 
of the study is adapted based on information col-
lected in the early phases of the trial. For exam-
ple, in trials examining different doses or aspects 
of an intervention, randomization groups that 
appear unlikely to be optimal are discontinued 
allowing more resources, including the number 
of patients, to be allocated to more promising 
randomization branches. Sequential designs 
including group sequential designs, and adaptive 
designs evaluate accumulating information from 
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a clinical trial and may reduce the size of a trial 
with savings in time, effort, risk and funding. The 
sample size attained at the end of the trial is 
unknown at the start. The sample size for a given 
set of alpha, beta, and effect size may turn out to 
be larger than with a classical fixed sample size 
approach [57].

A group sequential, response-adaptive design 
partially addresses the underpowering issue 
while at the same time allowing for early stop-
ping [58].

 Ethics of Clinical Trials

In the Epidemics and the oath Hippocrates states 
that the duty of the physician is to help or not to 
harm accepting the possibility that unintentional 
harm can occur while treating a patient and that 
the paramount ethical duty of the physician is to 
take care of patients without harming them. The 
ethics of clinical trials have been codified in the 
Nuremberg code in 1947 (international guidance 
on the ethics of medical research involving 
patients). In 1948 the Universal Declaration of 
Human Rights was adopted and in 1964 the 
World Medical Association formalized general 
and specific guidelines for human subjects in 
medical research (the Helsinki Declaration). The 
National Research Act of 1974, the Belmont 
Report of 1979, and the 1996 International 
Conference on Harmonization Good Clinical 
Practice as well as the Food and Drugs Act have 
helped protect human subjects participating in 
research.

Clinical trials have also been accused of being 
deceitful with false signatures and misconduct; 
of being disputable since they emphasize the pos-
itive with primary reports of relative risk reduc-
tion. Even when applying the CONSORT 
guidelines, clinical trials may be unreliable with 
imperfect peer review and conflicts. They are not 
always helpful because they only provide a 
binary answer to complex clinical problems and 
do not include all information as suggested by 
Bradford Hill. They do not address appreciation 
of the subjectivity of interpretation of their state-
ments by the reader. They may be shameful since 

they may include results from poor countries 
where investigators have financial gain to fabri-
cate data and may exploit vulnerable persons 
who seek participation in a trial for monetary rea-
sons [59]. Although this paper on limitations of 
clinical trials was published more than 15 years 
ago, most of these issues seem to persist today. 
Misinformation should be nipped in the bud since 
frequently fact checking is often too little and too 
late [60]. An important problem in studying the 
effects of new medications or interventions is the 
use of placebo. Lewis and associates, quoting a 
strict interpretation of the 2000 Declaration of 
Helsinki, have proposed a limited use of placebo 
in clinical trials preferring the use of active con-
trols. Since the efficacy of new medications can 
be satisfactorily established by comparison to 
active controls, the judicious use of placebo may 
be justifiable if it is essential to establish their 
effectiveness [61].

 Summary, Conclusion and Future 
Prospects

Clinical trials in their great variety are necessary 
for progress of clinical medicine. Because of the 
complexity of the issues involved and the great 
demand for time, effort and expense and 
because  they may expose participants to dis-
comfort and risk clinical trials, they should be 
conducted and executed with great care. They 
should be thoughtfully designed and executed in 
a disciplined fashion with attention to detail, 
adherence to the protocol, encouragement to 
participants to adhere to visits, medication and 
other aspects of the protocol, and in agreement 
to good clinical practice rules, as well as federal 
and local regulations. Accurate interpretation of 
the results requires understanding of their limi-
tations, including the transience of their find-
ings. Their application to individual patients 
should be done after consideration of the totality 
of the clinical situation including demograph-
ics, comorbidities and co-interventions. Also, 
there is need to shift emphasis of the trials from 
primary and secondary prevention with lifestyle 
change, devices and medications to primordial 
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prevention i.e.  preventing the atherosclerotic 
disease at the earliest stage rather than focusing 
on complications of atherosclerotic disease such 
as myocardial infarction, stroke and heart fail-
ure. We have come a long way from Providence 
Based Medicine (based on religious beliefs), to 
Eminence Based Medicine (based on the opin-
ions and practices of eminent physicians an aca-
demicians), to Evidence Based Medicine (based 
on the finding of randomized trials as well as 
observational and epidemiologic data), to 
Evidence Biased Medicine (where trials are 
designed and question addressed are influenced 
by profit considerations), to Evidence Bayesed. 
Medicine (both frequentist and Bayesian statis-
tics are used in conjunction with the Bradford 
Hill criteria to make decisions). We also need to 
understand, accept and embrace the rapidly 
evolving computer power, wearable devices and 
wireless connectivity and to evolve toward 
Internet and Cloud-based medicine. 

Repeated experiments, as Fisher recognized 
years ago, may be the best way to tame much of 
the messiness of nature. If that is not feasible, and 
it often is not, medicine can still accomplish 
much by making pragmatic, well-reasoned use of 
the evidence that is available [51].
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 A Historical Perspective

It was in 1896 when the Italian Internist Scipione 
Riva-Rocci first introduced the mercury sphygmo-
manometer for the measurement of blood pressure 
(BP) [1]. Since then, and for decades, arterial 
hypertension (HTN) was considered to be essential 
for the perfusion of vital organs, such as the brain, 
heart, and the kidneys. The term essential hyper-
tension (“essentiellehypertonie”) was coined by 
the German Eberhard Frank in 1911 to describe 
elevated BP for which no cause could be found [2, 
3]. At that time, BP was meant to be the essence of 
life, and it was indeed widely believed that there 
could be no life without BP [4].Interestingly, Paul 
Dudley White, a top American physician and car-
diologist in Harvard Medical School and one of the 
founders of the American Heart Association, the 

American Red Cross, and the National Institute of 
Health, and who served as the President’s Dwight 
D.  Eisenhower personal physician following his 
heart attack in 1955, stated that: “Hypertension 
may be an important compensatory mechanism, 
which should not be tampered with, even were it 
certain we could control it.” [5]. It is widely known 
that a prominent individual with essential HTN 
was Franklin D. Roosevelt, the 32nd President of 
the USA, from 1933 till his death in 1945. It is 
certain that the understanding of the medical com-
munity regarding HTN during the Great Depression 
and World War II was still in a “medieval” state 
and this greatly contributed to the deterioration of 
Roosevelt’s health, whose BP rose steadily during 
his presidency [6]. According to existing historical 
data, it was on the afternoon of April 12, 1945, 
when Roosevelt, while sitting for a portrait being 
painted by the artist Elizabeth Shoumatoff, com-
plained of a terrible headache (Fig. 13.1). Fifteen 
minutes later, the president was dead of a massive 
cerebral hemorrhage [7–9]. His successor, the 
President Harry S. Truman, signed into lawthe piv-
otal National Heart Act, 3 years following his 
death [10]. This served as the trigger for the study 
of HTN and associated heart diseases, and led to 
the significant results of the VA Co-operative 
Studies and the Framingham Heart Study. Until 
then, research grants were rewarded almost exclu-
sively to those who sought the causes of hyperten-
sion. The question on whether hypertension should 
be treated by antihypertensive drugs was hotly 
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debated during the 1950s and the 1960s. Edward 
D.  Freis, an American farsighted physician, was 
the first to answer this question by carrying out the 
famous VA-Co-operative studies. As he stated: 
“The VA Co-Operative study will be remembered 
for changing the management of hypertension.
It  altered the emphasis from secondary forms of 
hypertension, which while still important, applied 
only to a small percentage of the hypertension 
population. It convinced physicians that the 
numerically much more prevalent essential or pri-
mary hypertension could be benefited by antihy-
pertensive drug treatment. Our study demonstrated 
that by controlling the blood pressure, we could 
prevent most of the complications of the disorder, 
and equally important, its progression to a more 
severe state could be arrested.” [11] In addition, 
scientists from the Framingham Heart Study 
proved that HTN and hyperlipidemia, were associ-
ated with many cardiovascular morbidities such as 
cerebral stroke, heart failure, and myocardial 

infarctions leading to premature deaths and the risk 
was clearly higher with higher BP (systolic and 
diastolic) [12, 13]. Nowadays, that HTN has been 
showed clearly to be a significant risk factor for 
cardiovascular morbidity and mortality, this ques-
tion has shifted to whether the optimal BP goal 
should be lowered to levels below 140/90 mmHg 
for systolic and diastolic BP, respectively, and will 
be the main focus of this chapter.

 Epidemiologic Data

Arterial hypertension (HTN) remains a growing-
threat in modern societies despite the implementa-
tion of new clinical guidelines and the broad 
availability of effective pharmaceutical agents 
[14]. According to the World Health Organization 
(WHO), the prevalence of HTN in the United 
States of America, in 2015 was estimated to be 
about 15.3% and 10.5% among males and females, 
respectively [15]. Pooled worldwide data analyses 
have reported that the prevalence of HTN was 
26.4% in the beginning of the twenty- first century, 
and it is expected to rise by 60% by the year 2025 
[16, 17]. Arterial HTN is associated with all forms 
of stroke, cardiac, kidney and peripheral artery 
disease [18–21], and it is considered to kill 9.4 
million people every year [22]. More recently, 
Forouzanfar et al., reported in the JAMA that both 
the rate of raised systolic blood pressure (BP) 
(≥110–115 and ≥140  mmHg), and disability-
adjusted life-years (DALYs) and deaths associated 
with elevated systolic BP, increased substantially 
between 1990 and 2015 [23]. Therefore, setting 
optimal BP goals is central to prevent fatal compli-
cations among hypertensive subjects. However, 
the optimal BP target that is protective against 
cardio-cerebrovascular disease risk remains con-
troversial and the ongoing scientific debate is of 
substantial public health importance.

In this chapter, we will examine which is the 
ideal BP goal for the general hypertensive popu-
lation, by focusingprimarily on available mile-
stone studies and on updated evidence-based 
clinical HTN guidelines. More specifically, we 
will review the MRC trial published before 1995, 
the HDFP, and the HOT, the SPRINT, the 
ACCORD and the HOPE-3 studies, published 

Fig. 13.1 Used with permission from the Georgia 
Department of Natural Resources Roosevelt’s Little 
White House State Historic Site
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after this year. We will also focus on interesting 
meta-analyses stratifying the different trials 
according to the BP levels achieved by active 
treatment. It is under no question that different 
BP goals should be achieved for special popula-
tion groups (ie. the elderly, diabetics, patients 
with chronic kidney disease, etc). However, we 
will not discuss BP goals for these hypertensive 
populations in depth, since those are described 
thoroughly in other chapters of this book.

 Landmark Trials in Hypertension 
Research – The Optimal Goal 
of Blood Pressure

It has been shown that antihypertensive therapy is 
helpful in protecting against cardiovascular dis-
ease (CVD) progression and death, as demon-
strated by several studies conducted before 1995 
and including a considerable number of patients. 
In all these trials, the primary drugs used were 
either beta-blockers, or diuretics, in low or higher 
doses. Subsequently, the 1995 trials determined 
the effects of the newer antihypertensive drugs 
such as angiotensin-converting enzyme inhibitors 
(ACEIs), angiotensin receptor blockers (ABRs) 
and calcium channel blockers (CCBs), in the pre-
vention of CVD [24]. Meanwhile, a series of trials 
were designed to assess the reduction of cardio-
vascular (CV) events according to different BP 
levels as optimal targets. It should be noted that in 
these trials, the entry BP criterion was the dia-
stolic BP, and not the systolic BP as it is observed 
in more recent trials, because diastolic BP was 
considered as the major determinant of risk [25].

The first randomized controlled trial (RCT) to 
provide evidence of benefits in treating mild HTN 
in younger cohort was the Medical Research 
Council (MRC) trial conducted by the Medical 
Research Council Working Party in 1985. The 
study included a population of 17,354 men and 
women, aged 35–64  years, followed up for an 
average of 4.9 years. Mean patient BP level sys-
tolic/diastolic was 158/98  mmHg at entry. The 
primary objective of the study was to examine the 
effect of the drug treatment of mild HTN on the 
rates of stroke, of death due to HTN, and of coro-
nary events in the studied population, whereas, the 

secondary objectives of the trial were to compare 
the effectiveness and adverse effects of the two 
antihypertensive drugs used, bendrofluzide and 
propranolol. The mean attained BP was approxi-
mately 137/86 mmHg in the two treated groups 
and 150/92  mmHg in the placebo group. The 
treatment was found to be effective in preventing 
complications in patients with mild HTN. Baseline 
patient data at entry showed that the level of sys-
tolic blood pressure(SBP) was significantly asso-
ciated with the risk of stroke, coronary events, all 
cardiovascular events, and all cause mortality 
whereas it was not significantly related to the per-
centage benefit associated with active treatment. 
The level of diastolic pressure at entry was less 
clearly associated with the risk of subsequent 
events [26]. In general, patients in the MRC trial 
had a significant reduction only for the primary 
endpoint of stroke and all CV events but not for 
coronary events and mortality from all causes sug-
gesting a goal BPof less than 140 mmHg systolic 
and/or less than 90  mmHg diastolic [27]. 
Interestingly, both bendrofluzide and propranolol 
were associated with reduced rates of stroke as 
well as with reduced rates of all CV events. In 
contrast, for coronary events and for all cause 
mortality there were no statistically significant 
differences between the effects associated with 
the two drugs (p = 0,24 for bendrofluzide and 0,71 
for propranolol, respectively) [26] (Table 13.1).

The Hypertension Detection and Follow-up 
Program (HDFP) study published in 1979,was 
the first study to demonstrate a mortality benefit 
of goal-directed, stepped care BP treatment com-
pared to usual care. This study established the prac-
tice of stepped care approach to achieve BP goal 
which became the norm of HTN treatment strategy 
ever since. High or lower doses of diuretics, and 
b-blockers, were used as primary drugs. A total of 
10,940 subjects were recruited by population- based 
screening of 158,906 people aged 30–69 years in 
14 communities throughout the United States and 
were randomly assigned to stepped-care or referred-
care groups within each center and by entry dia-
stolic blood pressure (DBP) above 90  mmHg 
(90 to 104, 105 to 114, and 115+ mmHg). The 
studied population was followed-up for a mean 
period of 5 years. Half of the patients were more 
intensively treated (equivalent to 50 mg or more of 
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 hydrochlorothiazide- stepped care) while the other 
half received less intensive treatment (equivalent to 
12.5–25.0  mg hydrochlorothiazide-referred care). 
The separation of the data by doses revealed a ben-
eficial effect both on patients treated with diuretic 
in low doses and those receiving b-blockers. No 
protection was observed against coronary heart dis-
ease by high doses of diuretics. On the other hand, 
all therapies had a significant impact on stroke. The 
average attained diastolic BP was 85 and 90 mmHg 
in the stepped care; systolic BPswere not given. 

Researchers concluded that the systematic effec-
tive management of HTN has a great potential for 
reducing mortality for the large numbers of people 
with high BP in the population, including those with 
“mild” HTN [28].Both the MRC and the HDFP tri-
als supported that the optimalBP goal the general 
hypertensive population should be <140/90 mmHg 
for systolic and diastolic BP, respectively. 
Importantly, these trials did not include patients at 
increased risk for CV disease occurrence, such as 
patients with atherosclerotic CV disease and/or dia-

Table 13.1 Brief description of the MRC trial

Year of publication 1985
Journal British medical journal
No of patients recruited 17,354
Sex studied Both sexes, men and women
Mean patient age 35–64 years
Start of patient recruitment 1973
End of patient recruitment 1982
Study design Single-blinded RCT
Main objective To determine any treatment benefit of mild HTN in a younger cohort
Secondary objective 1. To compare the course of BP in the two treatment groups

2. To examine the adverse effects caused by these drugs
Drugs used in the study 1. Bendrofluazide, 10 mg daily (or matching placebo)

2.  Propranolol,could be titrated up to 240 mg daily (or matching placebo)
Eligibility criterion for entry 
in the study

Mean DBP 90-109 mmHg and SBP <200 mmHg

Exclusion criteria 1. Secondary HTN
2. Taking antihypertensive treatment
3.  Normally accepted indications for antihypertensive treatment (such as CHF) 

present
4. MI or stroke within the previous 3 months
5.  Presence of angina, intermittent claudication, diabetes, gout, bronchial asthma, 

serious intercurrentdisease
6. Pregnancy

Definition of entry pressure Screening pressure was defined as the mean of four readings taken on two separate 
occasions and confirmed by the mean of two later readings still in this range

Target BP DBP <90 mmHg (for those randomized to active treatment)
Primary endpoint 1. Fatal or non-fatal stroke

2. Coronary events, including both fatal and non-fatal MI
3. Sudden death thought to be a result ofCAD
4.  Death due to hypertensivecardiac or renal disease or to rupture or dissection of 

aortic aneurysm
5. Death from any other cause

Mean BP in the treated groups 137/86 mmHg
Mean BP in the placebo group 150/92 mmHg
Main result Drug treatment was effective in preventing complications in patients with mild 

HTN;
Total no of CV events in the active treatment group: 286
Total no of CV events in the placebo group: 352
(p <0.05)

MRC indicates medical research council, No number, RCT randomized controlled trial, HTN hypertension, BP blood 
pressure, DBP diastolic blood pressure, SBP systolic blood pressure, CHF congestive heart failure, MI myocardial 
infarction, CAD coronary artery disease and CV cardiovascular
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betes mellitus or patients with proteinuric chronic 
kidney disease (CKD) (Table 13.2).

It is well known that the VA-Cooperative 
studies were the first randomized trials of HTN 
anywhere in the world. Edward Freis et  al., 
addressed HTN at the severe level of DBP 115–
129, and demonstrated a clear treatment effect. 
In the late 1960s another trialdemonstrated the 
significant CV benefits of treatingpatients with 
“mild to moderate HTN” and DBP levels aver-
aging 90–114  mmHg. Since then, DBP target 
had been 90 mmHg, and no other trial was con-
ducted to determine if lowering target DBP 
below 90 mmHg reduces CV events further [29, 
30]. The VA Co-operative studies are discussed 
in detail in a separate chapter of this book. There 
is no doubt however that after the publication of 
the VA Co-operative studies, the antihyperten-
sive treatment was deemed beneficial for CV 
disease prevention. At the same time the 

observed side effects of treatment were gener-
ally tolerable.

The Hypertension Optimal Treatment (HOT) 
study, published in the Lancet in 1998 was the 
first large RCT to investigate the appropriate goal 
for DBP in order to protect hypertensives against 
CVD. A total of 18 790 men and women, aged 
50–80 years, were recruited for the study, across 
26 countries. All subjects were diagnosed with 
HTN and had a DBP between 100 and 115 mmHg. 
Subsequently, all participants were randomly 
assigned a target DBP. Researchers evaluated the 
intensity of treatment using a calcium antagonist 
as baseline therapy in hypertensives with an aver-
age BP of 170/105  mmHg, 1501 of whom had 
type 2 diabetes. The study showed a significant 
reduction in stroke incidence rates in patients 
with lower target BP, especially in hypertensives 
with a history of ischemic heart disease. They 
also found no significant difference in coronary 

Table 13.2 Brief description of the HDFP trial

Year of publication 1979
Journal Journal of the American Medical Association
No of patients recruited 10,940
Sex studied Both sexes, men and women
Race White and blacks
Mean patient age 30–69 years
Start of patient recruitment February, 1973
End of patient recruitment May, 1974
End of therapeutic intervention June, 1979
Main objective To determine whether a systematic and effective management of HTN 

could yield a mortality benefit for all patients with high BP
Intervention used Stepped-care (patients received antihypertensive drug 

therapyaccording to a predetermined protocol in hospital-based clinics) 
versus usual-care (referred back to their usual medical practitionerto 
receive whatever therapy he or she might deem appropriate)

Drugs used in the study 1. Chlorthalidone
2. Reserpine
3. Potassium-sparing diuretics
4. Methyldopa
5. Hydralazine
6. Guanethidine

Eligibility criterion for entry in the study DBP >90 mmHg
Entry BP Stepped-care group: 159/101 mmHg

Referred-care group: 159/101 mmHg
Primary endpoint To determine the mortality rate in the two-groups (stepped-care versus 

usual-care)
Mean BP in the stepped- care groups DBP: 85–90 mmHg
Main result Five-year mortality from all causes was 17% lower for the stepped-

care group compared to the referred-care group

HDFP indicates Hypertension Detection and Follow-up trial, No number, HTN hypertension, BP blood pressure,  
DBP diastolic blood pressure
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heart disease at low DBP. It is worthy of note that 
a goal below 80  mmHg in diabetic patients 
proved protective. Therefore, an appropriate DBP 
goal below 80–85 mmHg was supported by the 
results of the study, especially in patients with 
diabetes who exhibit the greatest risk of CV 
death. Levels lower than 70 mmHg were associ-
ated with elevated CVD risk and as such should 
be avoided [31] (Table 13.3).

The existing European and previous American 
guidelines, ESH/ESC and JNC 8 published in 2013 
and 2014, respectively, suggest that most patients 
should have their BP brought down to 
140/90  mmHg. Specifically, the ESH/ESC 
Guideline recommendations suggest a systolic BP 
goal of <140 mmHg. The only exception seems to 
concern elderly patients where a value of up to 
150 mmHg might be appropriate. As far as DBP is 
concerned, it is recommended that <90  mmHg 
should be the target for all patients, with the possi-
ble exception of those with diabetes where 

<85  mmHg might be preferable. However, it 
remains unanswered which is the optimal BP target 
for young hypertensive patients; if well tolerated, 
more aggressive BP goals could be considered [32].

More specifically, the 2013 European guide-
lines for the management of arterial HTN included 
simplified BP targets across patient groups, eval-
uation of the benefit of monotherapy vs. combina-
tion therapy, as well as assessment of the 
importance of out-of-office BP measurements. 
Given the fact that evidence for an aggressive BP 
treatment approach was lacking, more relaxed BP 
targets for high-risk hypertensive patients in the 
2013 ESH/ESC guidelines were suggested. 
However, substantial evidence demonstrates car-
diovascular benefits from more intensive BP low-
ering across patient groups. Individualized 
treatment of high-risk patients may be prudent 
until more solid evidence is available. Individual 
patient profiles and preferences and evidence for 
preferential therapy benefits should be considered 

Table 13.3 Brief description of the HOT trial

Year of publication 1998
Journal The lancet
No of patients recruited 18,790
Sex studied Both sexes, men and women
Mean patient age 61.5 years
Study design Prospective, randomized, multicenter
Main objective To determine what is the optimal target DBP during antihypertensive 

treatment with regard to the reduction in cardiovascular morbidity and 
mortality.

Secondary objective To examine the effect of low dose aspirin in preventing stroke further in 
treated hypertensives

Drugs used in the study 1. Felodipine 5–10 mg daily
2. Addition of an ace inhibitor or beta blocker if BP target not achieved, and
3. Addition of thiazide diuretic if still BP target not achieved
Also, 75 mg daily of acetylsalicylic acid (9399 patients) versus placebo 
(9391 patients)

Eligibility criterion for entry in the 
study

DBP 100–115 mmHg

Definition of entry pressure 170/105 mmHg
Target BP Patients were randomized to three different therapeutic goals:

1. DBP ≤90 mmHg (group 1)
2. DBP ≤85 mmHg (group 2), or
3. DBP ≤80 mmHg (group 3)

Primary endpoint CV event occurrence or mortality
Mean BP in the treated groups 1. DBP = 85 mmHg in group 1

2. DBP = 83 mmHg in group 2, and
3. DBP = 81 mmHg in group 3

Main result No significant differencein outcome between all three groups was observed

HOT indicates Hypertension Optimal Treatment trial, No number, DBP diastolic blood pressure, BP blood pressure,  
CV cardiovascular
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when deciding upon the optimal antihypertensive 
regimen. CCBs appear to be a positive choice for 
monotherapy, and in combination with other 
agent classes, and may provide specific benefits 
beyond BP lowering. Ambulatory and home BP 
monitoring have an increasing role in defining the 
diagnosis and prognosis of HTN (especially non-
sustained); however, their value for comprehen-
sive diagnosis and appropriate treatment selection 
should be more widely acknowledged. In conclu-
sion, further evidence may be required on BP tar-
gets in high-risk patients, and optimal treatment 
selection based upon individual patient profiles 
and comprehensive diagnosis using out-of-office 
BP measurements may improve patient 
management.

JNC 8 committee suggests commencement of 
treatment when BP is ≥140/90  mmHg in the 
 general population, with or without risk factors 
or organ damage, and in those with diabetes and 
chronic kidney disease. JNC8 highlighted that 
the previous recommendations to lower BP to 
<130/80 mmHg in patients with diabetes are not 
supported by the extensive review of randomised 
controlled trials. Only in persons aged 60 years 
or over does the treatment target range from 140 
to 149 mmHg, increasing the treatment threshold 
to150 mmHg systolic BP [33].

One year later, in November 2015, the publi-
cation of the Systolic Blood Pressure Intervention 
Trial (SPRINT) in the NEJM, and its remarkable 
results would change the approach to diagnosing 
and treating HTN.  This study involved a large, 
well-designed, randomized, controlled, open 
label clinical trial funded by the NIH and con-
ducted at 102 clinical sites in the United States 
(organized into 5 clinical center networks), 
including Puerto Rico. SPRINT compared the 
effect of lowering SBP to either less than 
120 mmHg or less than 140 mmHg, intensive vs. 
standard care, in 9361 hypertensive subjects 
without diabetes or a history of stroke. The study 
included individuals aged 50  years or older, 
either with a history of CVD or at high risk. The 
results showed that in the intensively treated 
group, cardiovascular incidence fell significant-
lyby 25% and mortality rates dropped by 27% 
compared to subjects receiving standard treat-
ment (absolute rates 5.2% vs. 6.8% and 3.3% vs. 

4.5%, respectively). However, in the intensively 
treated group, an increased number of episodes 
of hypotension, syncope or acute renal failure 
were recorded [34].SPRINT results suggest that 
treatment should be continued even when treated 
SBP is <130 mmHg, especially for the SPRINT- 
like hypertensive population. As expected, 
SPRINT raised several controversies since its 
publication. The debate concerned mainly the 
question whether the SPRINT results should be 
applied safely to the general hypertensive popu-
lation, seen in daily clinics, and whether they 
should be embedded into the future HTN guide-
lines. The methodological way of obtaining the 
BP measurements in SPRINT trial has contrib-
uted highly to the dispute of the generalization of 
its results to the general population [35].The 
automated office blood pressure (AOBP) tech-
nique, methodology adopted in SPRINT, used a 
fully automated oscillometric device with the 
patient sitting alone in the examination room for 
5 min after which three readings were taken auto-
matically at one-minute intervals with all three 
values averaged. In so doing, human involvement 
was reduced to the minimum, eliminating the 
white coat effect, and AOBP readings correlated 
more closely with those of ABPM than conven-
tional office recordings [36]. Thus, seasoned 
European researchers claimed that BPs taken in 
SPRINT cannot be directly compared with BPs 
in other trials which utilized the conventional 
oscillometric office BP technique for BP charac-
terization levels, and strongly support that the 
treatment arm of<120  mmHg in SPRINT com-
pares with a higher SBP value close to 140 mmHg 
in other trials [35]. Thus, they conclude that SBP 
target in the treatment of hypertension should 
remain unchanged at <140 mmHg (Table 13.4).

Soon after the publication of the SPRINT 
trial, a large systematic review and meta-analysis 
which identified 123 studies with 613,815 par-
ticipants, was published in the Lancet. The analy-
sis indicated that a 10 mmHg reduction in SBP 
achieved an overall 13% reduction in all-cause 
mortality (95% CI, relative risk 0.84–0.91) but 
had no significant impact on the risk of renal fail-
ure events. These effects remained similar even 
when the effects were compared between trials 
including patients with higher mean baseline 
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SBP, and positive history of coronary heart dis-
ease, or other cardiovascular disease [37]. 
Bangalore et al., conducted a meta-analysis of 17 
trials that enrolled 55,163 patients with 204,103 
patient-years of follow-up. Results indicated that 

lower SBP levels were associated with a significant 
decrease in stroke incidence and myocardial infarc-
tion, whereas there was no difference in death,  
cardiovascular death, or heart failure when com-
paring any of the study BP targets. More specifi-

Table 13.4 Brief description of the SPRINT trial

Year of publication 2015
Journal New England journal of medicine
No of patients recruited 9361
Sex studied Both sexes, men and women
Mean patient age 67.9 years
Start of patient recruitment November, 2010
End of patient recruitment March, 2013
Study design RCT, open-label
Main objective To determine the most appropriate targets for SBP to reduce CV morbidity and 

mortality among persons without diabetes
To answer this question patients were assigned to two treatment groups:
1. Intensive treatment group
2. Standard treatment group

Drugs used in the study 1. Thiazide-type diuretics
2. Calcium channels blockers, and
3. Angiotensin-converting enzymeinhibitors or angiotensin receptor blockers
Other agents, including:
1. Spironolactone
2. Amiloride
3. β-blockers
4. Vasodilators, or
5. α-receptor blockers, could be added if necessary

Eligibility criterion for entry in 
the study

1. Age ≥50 years
2. SBP 130-180 mmHg (treated or untreated)
3. Additional CV disease risk

Exclusion criteria 1. Stroke
2. Diabetes mellitus
3. Polycystic kidney disease
4. Congestive heart failure (symptoms or EF <35%)
5. Proteinuria >1 g/d
6. CKD with eGFR<20 mL/min/1.73 m2 (MDRD)
7. Adherence concerns

Target BP Intensive treatment group: SBP ≤120 mmHg
Standard treatment group: SBP ≤140 mmHg

Median follow-up period 3.26 years
Primary endpoint CVD composite – first occurrence of:

1. MI
2. Non-MI ACS
3. Stroke
4. Acute decompensated HF
5. CVD death

Mean BP in the treated groups Intensive treatment group:122 mmHg
Standard treatment group:135 mmHg

Main result Incidence of primary outcome (composite of CVD events) 25% lower in the 
intensive compared to standard treatment group and all-cause mortality 
reduced by 27%

SPRINT indicates Systolic Blood Pressure Intervention Trial, No number, RCT randomized controlled trial, SBP sys-
tolic blood pressure, CV cardiovascular, EF ejection fraction, CKD chronic kidney disease, eGFR estimated glomerular 
filtration rate, BP blood pressure, CVD cardiovascular disease, MI myocardial disease, ACS acute coronary syndrome, 
HF heart failure
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cally, BP targets of <120 mmHg and <130 mmHg 
were ranked as the two most efficacious targets, 
whereas BP targets <140 mmHg and <150 mmHg 
were ranked as the two safest targets for the out-
come of serious adverse effects. An optimal bal-
ance between efficacy and safety was achieved 
with a target SBP of <130 mmHg [38]. It should 
be noted that SPRINT patients aged ≥75  years 
benefited to a similar extent as younger individu-
als. Despite, concerns of excessive lowering of 
diastolic BP provide complementary and addi-
tional data to clarify the impelling question of the 
optimal level to which BP should be brought by 
treatment [39, 40].

At the same time as SPRINT, another random-
ized, controlled study was conducted, namely the 
Action to Control Cardiovascular Risk in 
Diabetes (ACCORD) trial that included patients 
with both HTN and diabetes. The ACCORD trial 
was a double-blinded RCT that mainly tested the 

effect of lowering the SBP to <120 mmHg on CV 
events in diabetic patients compared to the usual 
systolic 140. Like SPRINT, ACCORD was 
designed to compare the effects of lowering SBP 
to either less than 140  mmHg or less than 
120 mmHg. A total of 4733 participants were fol-
lowed for a mean follow-up period of 4.7 years. 
The primary outcomes included non-fatal myo-
cardial infarctions, non-fatal strokes, or death 
from any cardiovascular causes. No significant 
decrease in CVD was observed between the two 
groups, other than the stroke incidence that was 
significantly reduced in the intensively treated 
group, but this was one of the eight secondary 
outcomes of the study [41].Thus, the authors 
concluded that compared to usual BP control 
intensive BP control in diabetics does not confer 
any significant benefit. Another concern that 
emerged was that the results of SPRINT would 
not be applicable to individuals at low or medium 

Table 13.5 Brief description of the ACCORD trial

Year of publication 2010
Journal New England journal of medicine
No of patients recruited 4733
Sex studied Both sexes, men and women
Mean patient age 62.2 years
Study design Double-blinded RCT
Main objective To determine whether therapy targeting normal SBP (i.e., <120 mmHg) reduces 

major CV events in patients with type 2 diabetesat high risk for CV events
Eligibility criterion for 
entry in the study

1. Type 2 diabetes
2. HbA1C ≥7.5%
3. ≥40 years of age with CVD or
4. ≥55 years of age withanatomical evidence of risk
5.  Individuals with SBP 130–180 mmHg takingthree or fewer 

antihypertensivemedications, and
6. a 24protein of less than 1 gm

Exclusion criteria 1. BMI more than 45
2. Serum creatinine more than 1.5 mg/dl
3. Other serious illness

Definition of entry pressure 139/76 mmHg in both the intensive and the standard treatment group
Primary endpoint First occurrence of a major CV event:

1. The composite of nonfatal MI
2. Nonfatal stroke, or
3. Cardiovascular death

Mean follow-up period 4.7 years
Mean BP in the treated 
groups

Mean SBP = 119.3 mmHg in the intensive treatment group
Mean SBP = 133.5 mmHg in the standard treatment group

Main result No significant differencein primary outcomes of death from CVD or nonfatal MI or 
stroke (P = 0.20)

ACCORD indicates Action to Control Cardiovascular Risk in Diabetes Trial, No number, RCT randomized controlled 
trial, SBP systolic blood pressure, CV cardiovascular, HbA1C glycosylated hemoglobin, CVD cardiovascular disease, 
BMI body mass index, MI myocardial infarction, BP blood pressure
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risk of CVD given that such patients were 
excluded from the study (Table 13.5).

The Heart Outcomes Prevention Evaluation 
(HOPE-3) study, published in sought to address 
this concern [42]. This multicenter, long-term, 
international, double-blind, randomized, placebo- 
controlled trial included men aged 55  years or 
older or women 65  years or older, at low or 
medium risk of CVD, all of whom were under 
treatment with BP and cholesterol-lowering 
drugs, irrespective of pretreatment levels of BP 

or low-density lipoprotein cholesterol levels 
(Table 13.6). The study results revealed that triple 
combination vs. double placebo treatment 
achieved a significant decrease in the incidence 
of CVD. According to Chobanian a key caveat of 
the HOPE-3 trial is that “the findings are not rel-
evant to making practical recommendations 
about BP goals” [43].It is generally accepted that 
the ultimate goal in all patients with HTN is to 
lower BP to specific BP levels in order to reduce 
CV complications. SPRINT considered a target 

Table 13.6 Brief description of the HOPE trial

Year of publication 2016
Journal New England journal of medicine
No of patients recruited 12,705
Sex studied Both sexes, men and women
Mean patient age 65.8 years
Start of patient recruitment April, 2007
End of patient recruitment November, 2010
Study design Multicenter, long-term,international, double-blind, RCT
Main objective To determine whether the benefits of statins in reducing CVD risk among patients 

without CVD, can be extended toan intermediate-risk, ethnically diverse 
population without CVD

Drugs used in the study 1. Daily rosuvastatin (10 mg) or placebo, plus
2. Daily candesartan/hydrochlorothiazide (16 mg/12.5 mg) or placebo

Eligibility criterion for entry in 
the study

Men ≥55 years of age and women ≥65 years of age, who had atleast one of the 
following CV risk factors:
1. Elevated waist-to-hip ratio
2. History of alow level of high- density lipoprotein cholesterol
3. Current or recent tobacco use
4. Dysglycemia
5. Familyhistory of premature coronary disease, and
6. Mild renal dysfunction
Women ≥60 years of age who had at least twosuch risk factors.

Exclusion criteria Participants with CVD and those with an indication for or contraindicationto 
statins, angiotensin-receptor blockers,
Angiotensin-converting–enzyme inhibitors,or thiazide diuretics

Definition of entry pressure 138/82 mmHg in both the treatment and the placebo group
Primary endpoint Thefirst co-primary outcome was the composite of

Death from CV causes, nonfatal MI, or nonfatal stroke, and thesecond co-primary 
outcome additionally included
Resuscitated cardiac arrest, HF, and revascularization

Median follow-up period 5.6 years
Mean BP reduction in the 
treated groups

6.0/3.0 mmHg greater in the active-treatmentgroup than in the placebo group

Main result Treatment with rosuvastatin at a dose of 10 mg per day resulted in a 
significantlylower risk of CV events than placebo in an intermediate-risk, 
ethnicallydiverse population without CVD.
Therapy with candesartan at a dose of 16 mg per day plus hydrochlorothiazide 
ata dose of 12.5 mg per day was not associated with a lower rate of major CV 
events than placebo among persons at intermediate risk who did not have CVD.

HOPE-3 indicates Heart OutcomesPrevention Evaluation trial, No number, RCT randomized-controlled trial, CVD 
cardiovascular disease, CV cardiovascular, MI myocardial infarction, BP blood pressure, HF heart failure
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of systolic BP lower than 120 mmHg in high risk 
patients older than 50 years of age. Evidence is 
lacking for adults younger than 50 years of age 
and for those for whom SPRINT results would 
not be applicable, such as individuals with type 2 
diabetes, a history of stroke, non-ambulatory 
elderly persons and those residing in institutions. 
Consequently, the currently available evidence is 
based on meta-analyses stratifying the different 
trials according to the BP levels achieved by 
active treatment. In a meta-analysis of 34 trials 
including SPRINT results, a target between 130 
and 140 mmHg might be considered in view of 
the observed benefit of reducing all major CV 
events and mortality [44]. In addition, a some-
what lower target below 130 mmHg might also 
be contemplated given the benefit seen in reduc-
ing CV risk [41] but patients should be monitored 
for permanent discontinuation of treatment due 
to adverse events.

The initiation of antihypertensive therapy 
should continue to be guided by elevated office 
BP above 140 mmHg or 90 mmHg for systolic or 
diastolic BP, respectively, confirmed either by 
ambulatory or home monitoring. Clinicians in 
their practice should take into account not only 
the BP level but also the overall CV risk in order 
to decide on the course of treatment. The 2013 
European Guidelines use risk factors, target 
organ damage and the presence of overt CV or 
renal disease. In contrast, no mention is made of 
the overall risk in the JNC 8 recommendations, 
neither in those submitted by the American 
Society of Hypertension (ASH)/International 
Society of Hypertension (ISH) or the ACC/AHA/
CDC guidelines. Based on the available evi-
dence, Chobanian in his monography in the 
JAMA [43] suggests a reasonable approach 
regarding the goal for treatment of hypertension 
in the general population and in high-risk popu-
lations. Control of other CVD risk factors, such 
as appropriate lifestyle modifications (ie. body 
weight reduction, lipid lowering, avoidance of 
smoking and alcohol, etc) is crucial to prevent 
CV complications in hypertensive subjects. 
Moreover, the use of statins seems necessary for 
an integrated management approach for high-
risk patients.

More recently, the new American 2017 ACC/
AHA Hypertension guidelines were published in 
JACC.  The writing committee recommends 
BP-lowering medication for those with stage 1 
HTN (130-139 mmHg and/or 80-89 mmHg, for 
systolic and DBP, respectively) with clinical CV 
disease or a 10-year risk of ASCVD 10% or 
greater, as well as for those with stage 2 hyper-
tension (≥140  mmHg and/or ≥90  mmHg, for 
systolic and DBP, respectively). For stage 2 HTN, 
the updated guidelines recommend using 2 
BP-lowering medications in addition to healthy 
lifestyle changes, which is a more aggressive 
treatment standard. In contrast, previous guide-
lines recommended starting patients on only 1 
BPlowering medication [45]. Moreover, the new 
BP guidelines are focusing on the importance of 
ensuring that BP measurements are accurate and 
underline the need for using calibrated BP moni-
tors, stressing in parallel the need for utilizing the 
proper cuff size. In addition they make clear that 
failure to position patients and their arms appro-
priately, or failure to allow time to rest before 
performing three blood-pressure readings can 
result in falsely elevated BP levels [46].
Furthermore, they emphasize the significance of 
frequent self-measurement of BP at home, since 
conventional office BPs are often higher than 
ambulatory or home BPs, and recording them 
appropriately and bringing them to all clinic 
appointments to help physicians in accurate clini-
cal decision-making [47]. Undoubtedly, the 
updated 2017 ACC/AHA Guidelines on High 
Blood Pressure greatly expand the number of 
adults who will qualify for the diagnosis of HTN 
and millions more Americans will need to lower 
blood pressure. (In Tables 13.7 and 13.8 the 
major HTN Guidelines are summarized).

As anticipated, the release of the 2017 
American HypertensionGuidelines gave rise to a 
heated discussion regarding which is the optimal 
BP goal. Americans, for the first time, as described 
above, are focusing on calculating the 10-year 
ASCVD risk in all patients with stage 1 HTN, 
whereas antihypertensive drugs are not warranted 
unless there is a greater than 10% ASCVD risk 
[45].At the same time, they define systolic/dia-
stolic BP levels of 120- 129 mmHg/<80 mmHg, 
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Table 13.7 Comparison between hypertension guidelines in the adult general population without comorbidities

JNC 7
2003

JNC 8
2014

CHEP
2015

ESH/
ESC
2013

ASH/
ISH
2014

Australian
2008 
(updated 
2010)

BHS/
NICE
2011

ACC/AHA
2017

BP target in 
the adult 
general 
population 
(mmHg)

<140/90 <140/90 <140/90 <140/90 <140/90 <140/90 or 
lower if 
well-
tolerated

<140/90 
(OBP)
<135/85 
(ABP/
HBP)

<130/80 mmHg
The New Guidelines give 
emphasis on the following:
1.  10-year ASCVD risk 

assessment
2.  Eliminate the term 

prehypertension and 
instead use the term 
elevated BP for SBP 
120–129 and 
DBP<80 mmHg

3.  Accurate BP 
measurement

4.  Accurate self BP 
monitoring

5. Lifestyle changes

BP blood pressure, JNC-7 Seventh Joint National Committee, JNC-8 Eighth Joint National Committee, CHEP Canadian 
Hypertension Education Program, ESH/ESC European Society of Hypertension/European Society of Cardiology, ASH/
ISH American Society of Hypertension/International Society of Hypertension, BHS/NICE British Hypertension Society/
National Institute for Health and Care Excellence, SBP Systolic blood pressure, OBP office blood pressure, ABP ambu-
latory blood pressure, HBP home blood pressure, ACC/AHA American College of Cardiology/American Heart 
Association, ASCVD atherosclerotic cardiovascular disease, SBP systolic blood pressure, DBP diastolic blood pressure

Table 13.8 Comparison between hypertension guidelines in patients with comorbidities

JNC 7
2003

JNC 8
2014

CHEP
2015

ESH/ESC
2013

ASH/ISH
2014

Australian
2008 
(updated 
2010)

BHS/
NICE
2011

ACC/AHA
2017

Goal BP in 
patients 
with DM

<130/80 <140/90 <130/80 <140/85 <140/90 <130/80 <140/90 <130/80 mmHg
  If goal is met after 
1 month, reassess 
in 3–6 months

  If goal is not met 
after 1 month, 
consider different 
medication or 
titration

  Continue monthly 
follow-up until 
control is achieved

Goal BP in 
patients 
with CKD

<130/80 <140/90 <140/90 SBP of < 
than 140
SBP of < 
than 130, 
if 
proteinuria 
is present

<140/90
<130/80, if 
proteinuria 
is present

<130/80, if 
proteinuria 
exceeds 
300mg/day
<125/75, if 
proteinuria 
exceeds 1gr/
day (+/- DM)

<140/90 <130/80 mmHg
  If goal is met after 
1 month, reassess 
in 3–6 months

  If goal is not met 
after 1 month, 
consider different 
medication or 
titration

  Continue monthly 
follow-up until 
control is achieved

BP blood pressure, DM diabetes mellitus, CKD chronic kidney disease, JNC-7 Seventh Joint National Committee, JNC-8 Eighth 
Joint National Committee, CHEP Canadian Hypertension Education Program, ESH/ESC European Society of Hypertension/
European Society of Cardiology, ASH/ISH American Society of Hypertension/International Society of Hypertension, BHS/
NICE British Hypertension Society/National Institute for Health and Care Excellence, SBP Systolic blood pressure
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respectively, as “elevated blood pressure”, elimi-
nating the term “prehypertension” [45].Moreover, 
recent estimates calculated that among patients 
aged 35–74 years, adding intensive BP goals for 
high- risk groups to JNC7 and JNC8 HTN treat-
ment guidelines prevents additional CV disease 
deaths while saving costs provided that medica-
tion costs are controlled [48].Beyond doubt, every 
life counts. It should be made clear, however, that 
intensive treatment of BP should not apply to all 
with HTN.  It remains to be known what the 
European HTN specialists will recommend as the 
appropriate treatment target for the general hyper-
tensive population, as well as for the highrisk 
groups. Will they take into account the results of 
the SPRINT trial, which is considered from many 
in the field a landmark study? Perhaps, one could 
find the answer about which should be the opti-
mal BP target in the past. The HTN pioneer 
Edward Freis had stated: “Some of you may be 
curious if I take antihypertensive drugs. I do, and 
at age 91 years, my blood pressure is maintained 
between 110/60mm Hg and 125/70 mmHg. I have 
never felt weak or faint at these levels” [49].
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 Introduction

Accurate blood pressure measurement is critical 
for the clinical management of hypertension and 
for clinical trial research in hypertension as well. 
The methodology of blood pressure measure-
ment therefore has to be carefully chosen to 
assure the accuracy of blood pressure measure-
ment in a hypertension trial. Indeed, small dis-
crepancies in blood pressure measuring protocols 
may have substantial impact on the recorded 
blood pressure levels and subsequent therapeutic 
decisions during a trial, and sometimes on the 
results of the whole trial.

In principle, the methods of blood pressure 
measurement used in a hypertension trial should 
stringently follow most recent guideline recom-
mendations [1–3]. If the results of such a trial 
would be clinically relevant for clinical practice 
and used for guideline recommendations, the cor-
responding methods of blood pressure measure-
ment may also be used to formulate 
recommendations on blood pressure measure-
ment in clinical practice.

Over the years, dozens of clinical trials in 
hypertension had been conducted with various 
blood pressure measuring techniques and proto-

cols. Because the technology and knowledge for 
blood pressure measurement have been advanc-
ing rapidly, the blood pressure measuring tech-
niques and protocols changed from the early to 
the most recent trials in hypertension. In this 
chapter, we will summarize the blood pressure 
measurement protocols used in the milestone 
hypertension trials [4–82], and explore the clini-
cal relevance and implications for the manage-
ment of hypertension.

 Methodological Issues of Blood 
Pressure Assessment in Milestone 
Hypertension Trials

A literature search limited to clinical trials pub-
lished in English between 1 January 1990 and 1 
April 2017 was performed using the PubMed 
with the keywords “hypertension” or “blood 
pressure”, “randomized controlled trial” and 
“cardiovascular event”. Additional relevant trials 
were included from the references of the identi-
fied studies. Selected studies were randomized 
controlled outcome trials with a blinded or open 
design. We excluded studies of a surrogate out-
come measure or in patients with congestive 
heart failure, end-stage renal disease on dialysis, 
or acute stroke (<30  days of onset). Relevant 
information was also obtained from prior publi-
cations related to the trial design of the individual 
studies.
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We selected 37 milestone hypertension trials 
that formed the basis for the past and current 
hypertension management guidelines. Although 
ambulatory blood pressure monitoring was per-
formed in a subset of randomized patients in 
some of these trials, such as the Hypertension 
Optimal Treatment (HOT) trial [22] and Systolic 
Blood Pressure Intervention Trial (SPRINT) [80], 
clinic or office blood pressure measurement was 
used in all these milestone hypertension trials. 
We evaluated nine different aspects of blood 
pressure measurement (Table 14.1), in terms of 
the accordance with recent blood pressure mea-
surement guidelines [1–3].

 Observers

Physicians measured blood pressure in most of 
the earlier trials [10, 11]. However, non- physician 
health professionals, such as nurses, were 
increasingly involved in many of the recent trials 
[42, 46]. In addition to the increased use of auto-
mated blood pressure monitors in clinical prac-
tice and research, several other reasons drove this 
shift. Although physicians are usually adequately 
trained to measure blood pressure, they do not 
often measure blood pressure in complete com-
pliance with the standards of blood pressure mea-
surement guidelines [83, 84]. When an 
auscultatory device (mercury, aneroid, or hybrid) 
is used, they often have reading bias, in other 
words, digit preference and commonly round 
blood pressure readings to zero or five. In addi-
tion, the white-coat effect may also dilute the 
validity and usefulness of blood pressure mea-
sured by physicians. Therefore, some experts rec-
ommended that physicians should not measure 
blood pressure themselves but should rely on 
blood pressures measured by trained observers 
using validated automated devices to improve the 
quality of care of hypertensive patients in general 
and the accuracy of blood pressure assessment in 
clinical research in particular [83].

However, people believe that even though 
blood pressure is measured by nurses, other 
“trained observers,” or automated devices, the 
white-coat effect is still possible in clinic blood 

pressure measurement. Many patients still 
become anxious in the clinical setting even in the 
absence of physicians. And the presence of a 
nurse or other trained observers may lead to con-
versation and therefore increase blood pressure. 
That is actually the rationale for establishing 
unattended blood pressure measurement facili-
ties. Such an unattended blood pressure measure-
ment was used in the recent SPRINT study [78, 
79]. In SPRINT, clinic blood pressure was mea-
sured automatically three times with a validated 
oscillometric device, with the patient being quiet 
and isolated in a room [79]. This methodology 
has been labelled as automated office blood pres-
sure measurement (AOBP). This so-called AOBP 
used in the SPRINT trial had two key elements. 
First, everybody except the patient him/herself 
was out of the room during measurements and 
the resting period prior to measurements. Second, 
the blood pressure measurement device (HEM- 
907, OMRON Healthcare,  Kyoto, Japan) was 
preset to wait for 5  min before measurements 
were started. Blood pressure was measured three 
times at 1 min interval.

This unattended blood pressure measurement is 
considered to be superior to conventional office 
blood pressure measurement because it reduces 
the white-coat effect and shows a better correlation 
with ambulatory blood pressure and target organ 
damage than conventional office blood pressure 
[85, 86]. This approach to measuring blood pres-
sure is, in some researchers’ opinion, probably 
better than conventional office blood pressure 
measurement methods. However, systolic blood 
pressure, assessed by unattended measurements, is 
lower than measurements in the presence of a phy-
sician or a nurse [87, 88]. According to some 
researchers, the blood- pressure levels attained in 
the SPRINT intensive treatment group (systolic 
blood pressure  <  120  mmHg) might correspond 
to  a conventional office systolic blood pres-
sure < 136 mmHg, which is more or less the same 
as the currently recommended therapeutic target 
of adequate blood pressure control (systolic blood 
pressure <140 mmHg) [87].

The 2005 recommendations on blood pressure 
measurement do not mandate who should 
 measure blood pressure, but do require that the 
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observer be properly trained [1, 2]. AOBP was 
recommended in the 2013 European Society of 
Hypertension guidelines for the management of 
hypertension as a superior method to improve 
reproducibility and to make office blood pressure 
values closer to daytime ambulatory and home 
blood pressure [89].

 Devices

Before electronic blood pressure monitors 
became readily available in clinical practice a 
few decades ago, mercury sphygmomanome-
ters were the major instrument for blood pres-
sure measurement in earlier clinical trials, 
including Hawksley random-zero sphygmoma-
nometer [4, 11]. However, even in the era of 
electronic blood pressure measuring devices, 
both aneroid and mercury sphygmomanometers 
had been used in parallel with automated and 
semi-automated electronic devices in the 
International Verapamil SR-Trandolapril Study 
(INVEST) [50, 51]. In fact, this multiple-device 
approach was also seen in several other multi-
centre clinical trials, such as the recent Heart 
Outcomes Prevention  Evaluation-3 (HOPE-3) 
trial [81, 82], and even in the single-centre 
Olmesartan and Calcium Antagonists 
Randomized trial (OSCAR) [74, 75].

The standard sphygmomanometry has been 
the mainstay of clinic blood pressure measure-
ment since blood pressure could be measured 
non-invasively. This technique usually requires a 
mercury manometer. It has been removed from 
clinical practice in several countries and will 
eventually be eliminated from blood pressure 
measurement in all countries not before long, 
because of serious environmental concerns about 
mercury pollution. In addition, manual ausculta-
tory blood pressure measurement is prone to 
observers’ error or bias. For these reasons, man-
ual blood pressure measurement is gradually 
being supplanted by automated techniques.

Currently, the most widely used mercury-free 
devices are automated oscillometric blood pres-
sure monitors [90]. Some professional oscillo-
metric devices allow consecutive repeated 

automated measuring and averaging and simulta-
neous two-arm measurements, with some 
optional functions, such as, associated ausculta-
tory blood pressure measurement mode, detec-
tion of irregular heart beat or specifically atrial 
fibrillation, automated memory, and computer 
link or blue-tooth transfer of readings [91]. The 
use of oscillometric devices for office blood pres-
sure measurement is still debatable in the pres-
ence of atrial fibrillation [92]. However, the 
results of recent studies suggested that in atrial 
fibrillation, oscillometric blood pressure moni-
tors had similar accuracy in both systolic and dia-
stolic blood pressure measurements as the 
repeated auscultatory method [92].

Whatever devices are used, they should be 
regularly calibrated. When automated blood 
pressure monitors are used, they should be vali-
dated. In the latter case, mercury column-based 
sphygmomanometers, although being phasing 
out in office blood pressure measurement, are 
still critical for evaluating the accuracy of 
algorithm- based electronic devices [1].

 Body Position; Resting Period

Most studies reported seated blood pressure levels, 
and the resting time before the initial measurement 
varied from 3–10 min, with the most frequent rest-
ing period being 5  min. In several early studies 
(before 2000), blood pressure was measured at 
supine position [24] or both supine and standing 
positions [7], usually after 5 min rest in the supine 
position. In some other studies, blood pressure was 
measured at both seated and standing positions 
[38, 48, 57]. Standing blood pressure was mea-
sured usually after 1–3 min standing.

 Number of Blood Pressure Readings; 
Time of Interval

In most trials, multiple (2 to 6) blood pressure 
readings were obtained. However, the ultimately 
recorded value varied from the lowest to an 
 average of two or three readings or the last two of 
three readings. The time interval between 
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 consecutive readings ranged from 30–120  s 
(Table 14.1).

 Arm Side and Cuff

Blood pressure was measured on the upper arm 
in almost all trials, although this was rarely 
acknowledged explicitly. The arm side for blood 
pressure measurement was also infrequently 
noted. However, most commonly it was the right 
arm or the arm with the higher blood pressure 
value. The actual protocol used to determine the 
correct cuff size was rarely stated. However, an 
“appropriate size” was frequently delineated. 
Other aspects, such as whether the brachial artery 
was positioned at the “heart level” as per guide-
line, could not be assessed in most trials.

 Timing of Blood Pressure 
Measurement

“Trough” blood pressure levels were most com-
monly obtained although indicated in only a 
minority of trials, and the trough time is usually 
at 20–26 h after the last antihypertensive medica-
tion dosage.

The blood pressure measurement guidelines 
do not mandate timing of blood pressure mea-
surement. However, for the purpose of compara-
bility between trial groups and over time, blood 
pressure should be measured at “trough” effect 
hours in all comparison studies. This is indeed 
mandatory for the approval of any medication by 
the Food and Drug Administration [93]. For a 
claimed once daily medication, the trough effi-
cacy of blood pressure lowering has to be at least 
50% of the peak effect [93]. However, the timing 
in relation to the last medication dosage is rarely 
discussed in the guidelines [1–3].

 Clinical Implications

Office blood pressure measurement has been 
used for the diagnosis and therapeutic monitoring 
of hypertension for more than a century. Office 

blood pressure still has a role in the screening, 
diagnosis, and follow-up of hypertension, but has 
apparent drawback of over-diagnosis and under- 
diagnosis of hypertension because of the white- 
coat and masked hypertension, respectively [92].

AOBP seems to be a superior office blood 
pressure measurement method. However, it 
should be recognized that although the blood 
pressure values of AOBP may be more strongly 
associated with hypertension-related target organ 
damage, there is no evidence to date that treat-
ment decisions on the basis of AOBP yield better 
cardiovascular outcomes than the conventional 
office blood pressure measurement [94]. More 
research, especially outcome trial research, is 
needed before a universal recommendation can 
be made on the use of automated office blood 
pressure in clinical practice. A lower cut-off 
value of 135/85 mmHg has been proposed when 
AOBP is used for the diagnosis of hypertension, 
as compared with the conventional office blood 
pressure measurement [95, 96]. The results of a 
recent study in 3627 participants also suggested 
that 135/85 mmHg may be an appropriate thresh-
old for the diagnosis of hypertension in older 
subjects using AOBP [97].

As compared with any office blood pressure 
measurement, out-of-office blood pressure 
measurement, such as ambulatory and home 
blood pressure monitoring, has apparent advan-
tages. It is devoid of white-coat effect, and by 
comparing with office blood pressure may 
identify white- coat hypertension. It may help in 
the diagnosis of masked hypertension, includ-
ing nocturnal hypertension [98]. It may also 
improve cardiovascular prediction by measur-
ing nocturnal dipping, morning blood pressure 
surge, and reading-to- reading blood pressure 
variability [99]. Nonetheless, the superiority of 
ambulatory and home blood pressure monitor-
ing over office blood pressure in guiding anti-
hypertensive therapy, in terms of cardiovascular 
disease prevention, has not yet been fully 
proven by randomized controlled trials [100], 
needless to say its limited availability in both 
high and low-income settings.

Future randomized clinical trials should con-
sider the use of these novel office or out-of-office 
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blood pressure measurements in the guidance of 
antihypertensive therapy and prevention of car-
diovascular events.
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The Life and the Major Scientific 
Contributions of Irvine Page

Emmanuel A. Andreadis 
and Charalampia V. Geladari

It is universally acknowledged that Irvine Heinly 
Page was one of the most acclaimed physicians 
of his times. He is still considered to be a pioneer 
researcher in the field of Hypertension since his 
scientific contributions are tremendous and have 
positively impacted the lives of thousands of 
hypertensives around the world [1]. We truly feel 
that it is necessary for a young scientist engaged 
in hypertension research to be aware of his life 
and works, as he can be an excellent role model 
for many to follow, and his work, a great fountain 
of inspiration to researchers, worldwide. It is an 
honor to write this chapter-tribute to him, yet a 
difficult venture, since we have not met him ever 
in person, and have never interacted with him 
personally. We guess that not many are blessed 
with such a gift to enjoy the great satisfaction 

derived from the interaction with such a mentor 
and personality.

Dr. Irvine Page was born in Indianapolis, in 
Indiana, at the dawn of the Twenteeth Century, in 
1901. His father, Lafayette Page, was a respect-
able physician in the topical community, and this 
surely influenced his decision to become a doc-
tor. His brother was a lawyer, and his sister, Ruth 
Page, was an accomplished ballet dancer, who 
died in 1991. Irvine Page himself was not devoid 
of music education since as a teenager he played 
the banjo and he wanted also to become a profes-
sional musician. This asset helped him to gain 
financial support in college as he directed a dance 
band and nicely supplemented his family’s back-
ing, while he enrolled in the Cornell University. 
He graduated in 1921 when he earned a degree in 
Chemistry. Afterwards, he worked for a period of 
1  year with the great Elliot Joslin on Insulin, 
which was then, newly-discovered. Biochemistry 
was indeed a fascinating field for the young Page, 
and he enrolled in Cornell Medical College, hav-
ing being attracted by James Sumner, a distin-
guished biochemist and a Nobel Prize Winner for 
his work on crystallizing urease. There, the Dean 
of Medicine, having recognized his exceptional 
talent in Biochemistry, persuaded him to enroll in 
Medical School and pursue a career as a physi-
cian scientist [1, 2].

After having received his medical degree from 
Cornell University, he trained as an Intern for 
2  years at the Bellevue Hospital and the 
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Presbyterian Hospital, in New  York City. 
However, his passion for Biochemistry was not 
suppressed by his love for medicine and his 
patients. Therefore, when in 1928, was invited to 
join the Kaiser Wilhelm Institute of Psychiatry in 
Munich, he accepted the invitation and moved on 
to establish a new department of brain chemistry 
there. He soon met and married his wife, Beatrice 
Allen, who  – as his sister  – was a dancer. 
Dr. Irvine Page had done an exceptional work at 
the Kaiser Wilhelm Institute and no similar 
department existed anywhere in the world at that 
time, a fact that establishes Dr. Page as an inno-
vator [3].

Under the threat of the Second World War and 
the rise of Hitler’s Empire, he decided to return 
in the United States of America, to find a shelter 
for his family and continue his scientific activi-
ties in his homeland. Yet, no position was offered 
to him to work there. And then, he had a god-
sent stroke of luck. Dr. Donald Van Slyke, a 
renowned Dutch American Biochemist, while 
visiting Munich with his family, called Page in 
the middle of the night to treat his daughter’s fin-
ger infection. His daughter’s infection was 
treated successfully and Dr. Irvine Page was sur-
prisingly offered aposition to work at the 
Rockefeller Institute in New York City. Dr. Page 
worked there with Dr. Donald Van Slyke, from 
1931 to 1937. That was it! His work on hyper-
tension research had already begun. His interest 
in the field, however, had started 2 months prior 
to leaving Europe, when he visited Frankfurt to 
work with Frans Volhard and his two assistants, 
Bohn and Hessel, who studied hypertension and 
its related mechanisms [4].

At that time, hypertension was considered to 
be essential for the perfusion of vital organs, such 
as the brain, heart, and the kidneys, thus termed 
essential (“essentielle hypertonie”). At the 
Rockefeller Institute, Dr. Irvine Page made his 
first important observation; using colloidal sulfur 
injections, he lowered blood pressure, and he 
found that despite this fact, kidney function was 
well maintained, a finding contradictory to the 
existing belief.

After having completed his stay at the 
Rockefeller Institute, he moved on to work in 

Indianapolis City Hospital from 1937 to 1945, 
along with Arthur Corcoran, Kenneth Kohlstaedt 
and Oscar Helmer. In 1940, he published a paper 
about a crystalline pressor substance resulting 
from the reaction between renin and renin- 
activator, which he termed “angiotonin”. One 
month later, Braun-Menendez et al., from Buenos 
Aires, published a similar work, where they 
termed the pressor substance causing renal hyper-
tension, “hypertensin”. As we all know, this pres-
sor substance is now called “angiotensin”, as Dr. 
Page and Braun-Menendez agreed some years 
later.

In 1945, Dr. Irvine Page moved to Cleveland 
Clinic where he made his most legendary contri-
butions in the hypertension field. He lead his sci-
entific team there successfully for the next 
21 years working on hypertension and heart dis-
ease. During his leadership years, serotonin was 
discovered, angiotensin and angiotensin inhibi-
tors were synthesized, nitroprusside was first 
used in humans, the interaction of the sympa-
thetic nervous system and angiotensin was 
described, and the diagnosis and treatment of 
renovascular hypertension were developed. Dr. 
Page alsowas the first to describe the famous 
“mosaic theory” of hypertension.

The mosaic theory of hypertension  – defi-
nitely his greatest contribution in the field –isa 
combination of individual and interacting mecha-
nisms including different parameters (biochemi-
cal, disturbances of the nervous system, hormonal 
perturbations and structural defects in arteries 
and organs) that underline the pathophysiology 
of this complex disease. Interestingly, it has been 
showed that as molecular events occur in the 
brain, the kidney and the vasculature the response 
to these events depends on target tissue. 
Consequently, an increase neuronal firing is pro-
duced in the central nervous system, vasocon-
striction and vascular remodeling in peripheral 
vessels occur, and sodium reabsorption in the dis-
tal renal tubule increases. Furthermore, it has 
been clear that genetics and environmental fac-
tors contribute to oxidant generation and inflam-
mation. In other words, it is suggested that 
patients with hypertension differ among them-
selves due to genetic predisposition. Moreover, 
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salt content of the diet has shown to be crucial, as 
environmental factor and stress trace metals 
could work as an additional risk factor. 
Anatomical factors have also been implicated as 
a main principle of the Mosaic Theory [1, 2].

After the recognition of the Mosaic Theory to 
the field of Hypertension and Cardiovascular 
Disease Research the Irvine Page Award has been 
established in order to help researchers to  produce 
respectable results in the complex field of the 
pathophysiology of hypertension. He also noti-
fied the importance of prevention of heart disease 
suggesting that ‘It is vastly more important to 
prevent atherosclerosis than to repair the damage 
after it has been done” [1, 2]. His Mosaic Theory 
provided an outline to study the various hyper-
tension “forces” at a molecular and cellular level, 
has greatly aided our understanding of this com-
plex and devastating condition. Today, 67 years 
after the development of the Theory, Page’s 
words are confirmed “Rather the mosaic concept 
is intended to provide a logical and orderly way 
of thinking about all forms of hypertension as a 
subject for research and as a means of analyzing 
the problem in patients” [4].

Apart from being an appreciated and distin-
guished scientist, Dr. Irvine Page was also a great 
organizer and leader. He is known for organizing 
American Foundation for High Blood Pressure, 
which later became the Council of High Blood 
Pressure Research of the American Heart 
Association [4, 5]. In addition, he was a founding 
member of the Institute of Medicine of the 
National Academy of Sciences, whereas he has 
also been president of the American Heart 
Association, the American Society for Clinical 

Pharmacology and Therapeutics, and the Society 
for Experimental Biology and Medicine [5].

Dr. Irvine Page had his first heart attack in 
1967, at the age of 66 years. He also had failing 
health for many years after a stroke, and he died 
from heart attack at the age of 90 in June 1991. 
Undoubtedly, Dr. Irvine Page contributed greatly 
to the understanding of hypertension, and its 
complex mechanisms, during his almost 60 years 
of scientific career, starting from publishing his 
first scientific paper in 1935 to the publication of 
a great manuscript entitled “Hypertension 
Mechanisms”, in 1987. He will definitely be 
remembered as the physician-scientist who 
altered the course of the investigation and treat-
ment of high blood pressure, and influenced 
through his studies the lives of many hyperten-
sives around the world, having earned at the same 
time sincere and lasting appreciation from his 
peers.
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Highlights of Professor Stevo 
Julius’ Scientific Contributions

Brent M. Egan

Stevo Julius, MD, ScD, has served as Professor 
of Medicine at the University of Michigan 
Medical Center for more than 50 years where he 
continues as Professor Emeritus. During that 
time, he has made numerous original and impor-
tant scientific contributions. His initial research 
centered on defining personality characteristics 
and autonomic mechanisms in the hemodynamic 
profile of individuals with borderline hyperten-
sion or pre-hypertension [1, 2]. Dr. Julius’ early 
work was instrumental in defining a key primary 
role for the sympathetic nervous system in bor-
derline and established hypertension [3–5].

In the middle phase of his scientific career, Dr. 
Julius and colleagues documented a key primary 
role for the sympathetic nervous system in the 
pathogenesis of hyperinsulinemia, insulin resis-
tance, and the cardiometabolic syndrome [6–9]. 
All of the cardiometabolic phenomena were 
associated with increased heart rate a marker of 
neurogenic activation. While an extensive body 
of research documents that excess caloric intake 
and obesity can drive the cardiometabolic syn-
drome [10], Dr. Julius demonstrated that elevated 

blood pressure was already present in young, 
normal weight children of hypertensive parents 
[8]. Excess weight gain and further elevation of 
blood pressure as well as multiple features of the 
cardiometabolic syndrome followed this early 
‘pre-hypertensive’ phase. Collectively, these data 
suggest that sympathetic activation with elevated 
blood pressure can precede the cardiometabolic 
syndrome.

During the latter part of his still active career, 
Professor Julius has worked with longtime col-
leagues on pharmacological interventions for the 
prevention and treatment of hypertension [11–14]. 
The rational and provocative interpretation of the 
data from these trials has often challenged existing 
paradigms and stimulated critical thinking to 
enhance our understanding of hypertension- 
related risk and its mitigation. This review high-
lights several of Dr. Julius’ original scientific 
contributions and the many clinically insightful 
and relevant applications of that work.

 Borderline Hypertension – The Early 
Years

Personality characteristics associated with pre- 
hypertension and hypertension In 1964, Harburg 
and Julius obtained blood pressures on 800 male 
undergraduate students at the University of 
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Michigan who were waiting in line to register for 
classes. From this group, 74 white men were 
selected for having systolic blood pressure BP, 
mmHg) values either in the upper or lower end of 
the distribution [1]. Students were classified as 
having high or low systolic BP according to their 
paired casual (screening and first follow-up visit), 
usual (self-measured home BP). Of 21 persons 
with a high paired casual SBP >140, 16 also had 
repeated home SBP readings >131. Among this 
group, 11 had high home BP readings, defined as 
sustained hypertension. The BP patterns of these 
young men were then related with self-ratings on 
the Cattell 16 Personality Factor Questionnaire.

Sustained elevation of systolic BP in male col-
lege students was associated with ‘submissive-
ness’ and ‘sensitivity’ as defined by Cattell’s 
Questionnaire. Subjects with ‘high paired casual’ 
systolic BP values described themselves as moti-
vated to obtain social contacts, but in a ‘sensitive’ 
and ‘anxious’ manner. Subjects who were later 
selected for having a single high systolic BP on 
first entering the physician’s office (second casual 
reading) tended more frequently to yield in an 
argument and then afterwards to change their pri-
vate opinions toward agreement with partners 
who had an initially low systolic BP [1].

A subsequent study in 1986 by Professor 
Julius and coworkers utilized advances in ques-
tionnaire methodology to more thoroughly dis-
sect personality characteristics of young college 
males with elevated BP in the screening, clinic 
and home environments [2]. The questionnaires 
included Spielberger’s State-Trait Personality 
Inventory, the Anger Expression Scale, and the 
State Anger Reaction Scale1 [15]. As with the 
previous study [1], BP measurements were 
obtained on students waiting to register for their 
next semester classes. Undergraduate men in the 
upper end of the BP distribution were recalled to 
complete the questionnaires and to undergo self- 
measured home BP measurements. Two groups 
were identified. One group maintained high BP at 
home, and the second group had normal BP at 
home. Of interest, the group that maintained high 
BP at home reported greater intensity of anger 
and suppressed their anger to a greater extent 
than the group whose BP was normal at home.

The findings in this 1986 report were consis-
tent with Alexander’s original work and hypoth-
esis [16] that inhibition of angry or hostile 
impulses can increase systemic BP.  Moreover, 
the hypertensive personality has a long-term con-
flict between the need for passive dependence 
and the need for expressing hostile impulses. 
According to Alexander, it is this long-term con-
flict which can lead to sustained elevation of arte-
rial BP or hypertension, evident among young 
men in the 1986 report [2].

Linkage of anger to sympathetic activation and 
parasympathetic withdrawal Marci, et al. stud-
ied autonomic and prefrontal cortex responses to 
autobiographical recall of emotions [17]. Of 
emotions studied, anger was the only one to show 
a significant increase in sympathetic activity, 
accompanied by a significant decrease in cardiac 
parasympathetic or vagal tone as measured by the 
high frequency component of heart rate variabil-
ity. While the study by Marci and colleagues is 
not the first to show that anger induces sympa-
thetic activation, it is amongst the clearest to 
show a reciprocal and concomitant reduction of 
cardiac vagal tone.

The role of sympathetic activation and para-
sympathetic inhibition in the hyperkinetic 
hemodynamic profile of borderline hyperten-
sion Dr. Julius and colleagues published a series 
of papers on the hemodynamics of borderline 
hypertension in the prestigious American Heart 
Association Journal, Circulation in 1971. One 
report captured their work on sequential autonomic 
blockade of β-adrenoceptors with the non-selective 
blocker propranolol followed by parasympathetic 
inhibition using atropine [3]. Both autonomic 
blocking agents were administered intravenously at 
doses known to fully block the respective systems.

At baseline, individuals with hyperkinetic 
borderline hypertension had higher values than 
nomortensive controls for cardiac output and 
heart rate (Fig. 16.1). β-adrenoceptor blockade 
led to a larger fall of cardiac output and heart 
rate among individuals with hyperkinetic bor-
derline hypertension. These data were consis-
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tent with increased cardiac beta-adrenergic tone 
in the hyperkinetic group. Yet, cardiac output 
and heart rate remained significantly higher in 
the hyperkinetic borderline hypertensive group 
than in the normal controls. When atropine was 
administered while continuing beta-adrenergic 
blockade with propranolol, cardiac output and 
heart rate increased less in subjects with hyper-
kinetic borderline hypertension than in normal 
controls. The responses to atropine indicate that 
cardiac parasympathetic tone is lower in hyper-
kinetic borderline hypertension than in normal 
controls.

Only after total cardiac autonomic blockade 
with both propranolol and atropine were the dif-
ferences in cardiac output and heart rate no lon-
ger significantly different between the group with 
hyperkinetic borderline hypertension and healthy 
controls. These data indicate that the hyperki-
netic state of borderline hypertension reflects a 
reciprocal autonomic abnormality characterized 
both by increased sympathetic and reduced para-
sympathetic tone.

Transition from hyperkinetic borderline hyper-
tension to normokinetic borderline and estab-
lished essential hypertension Research on 
borderline or pre-hypertension consistently iden-

tifies a hyperkinetic subset of young individuals 
with elevated cardiac output and a fast heart rate. 
Faster heart rates, even within the range of 
60–100 beats/min, which are considered normal, 
are a strong predictor of future essential hyper-
tension [18], and many hyperkinetic subjects 
appear to develop classical established hyperten-
sion [19]. However, the hyperkinetic state is 
much less common in adults with hypertension. 
Thus, transition from the hyperkinetic borderline 
hypertension to normokinetic, high-resistance 
hypertension almost certainly occurs, which is 
supported by data from sequential hemodynamic 
studies [19].

In fact, Julius and colleagues provided further 
evidence that individuals with borderline hyper-
tension and normal cardiac output may represent 
a later phase of the prior hyperkinetic state. More 
specifically, baseline heart rate was elevated less 
among individuals with borderline hypertension 
and normal cardiac output than in prior studies of 
the hyperkinetic subset with borderline hyperten-
sion. Following cardiac autonomic blockade with 
intravenous propranolol and atropine, their car-
diac output was lower than normal controls [20]. 
Heart rate responses to the β-agonist isoproterenol 
were less in borderline hypertensives with normal 
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Fig. 16.1 At baseline, heart rate and cardiac index are 
higher in hyperkinetic borderline hypertensives than age- 
and sex-matched normal controls. After propranolol, heart 
rate and cardiac index decline more in the hyperkinetic 

than normal group, yet values remain higher in the former. 
With addition of atropine, heart rate and cardiac index 
increase less in the hyperkinetic than in the control group 
and significant between group differences were abolished
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cardiac output than in demographically matched 
normotensive controls. The borderline blood pres-
sure elevation in subjects with normokinetic bor-
derline hypertensive was maintained by an 
elevated vascular resistance. Compared to normo-
kinetic group with borderline hypertension, the 
higher blood pressure in established hypertension 
reflects a further increase of vascular resistance as 
a normal cardiac out is maintained.

Of note, while hypertension in obesity was 
identified as a state of high cardiac output and 
normal vascular resistance, vascular resistance is 
elevated when compared to obese, demographi-
cally matched normal controls [21, 22]. The Ann 
Arbor group documented that forearm vasodila-
tor responses to regional infusion of phentol-
amine were greater in overweight and obese than 
in leaner subjects, despite higher baseline flows 
with normal resistance in the obese group [23]. 
The inappropriately normal vascular resistance in 
obese subjects with elevated blood pressure is 
maintained by enhanced vascular alpha- 
adrenergic tone similar to the increased vascular 
α-adrenergic tone similar to that observed in neu-
rogenic, high-renin hypertension [4, 5].

Mechanisms underlying the hemodynamic transi-
tion from hyperkinetic borderline hypertension to 
normokinetic hypertension Autoregulation. 
Dr. Arthur Guyton and colleagues demonstrated 
that volume expansion leads to increased cardiac 
output and tissue perfusion in excess of meta-
bolic demands [24]. When this occurs, most 
organ systems increase vascular resistance to re- 
establish the balance between metabolic demands 
and supply, which raises arterial blood pressure. 
The phenomenon of matching blood flow to met-
abolic demands by varying vascular resistance is 
termed ‘autoregulation’ [25].

Basis for an alternative explanation to autoregu-
lation for the hemodynamic transition from 
hyperkinetic borderline to established hyperten-
sion with normal cardiac output Studies in bor-
derline hypertension provided two important 
pieces of evidence contrary to autoregulation as 
the mechanism for the hemodynamic transition. 

First, plasma volume was lower and not higher 
among borderline hypertensives than normal 
controls, when adjusted for body weight or when 
compared in weight-matched individuals with 
borderline hypertensive to healthy controls [26]. 
Second, in subjects with hyperkinetic borderline 
hypertension, higher cardiac output occurred 
together with greater total body oxygen con-
sumption [27]. In fact, the regression line for car-
diac output versus total body oxygen consumption 
was the same in subjects with borderline hyper-
tension and demographically matched normal 
controls. The stimulus for autoregulation, based 
on whole body studies, was not apparent in 
hyperkinetic borderline hypertensives.

Neurogenic and vascular transformation An 
alternative explanation for the hemodynamic 
transition from hyperkinetic borderline to normo-
kinetic borderline and essential hypertension: 
Focus on decreased β-adrenergic sensitivity, car-
diovascular remodeling and increased vascular 
α-adrenergic tone.

Cardiac changes Sustained increases in cardiac 
sympathetic drive lead to decreased chronotropic 
and inotropic responses to β1-adrenooceptor acti-
vation [20, 28, 29]. Furthermore, a decline in left 
ventricular compliance may contribute to lower 
stroke volume in patients with normokinetic mild 
hypertension [20, 30]. More specifically, Julius 
and colleagues documented that stroke volume in 
patients with mild hypertension was lower than 
in normotensive controls following cardiac auto-
nomic blockade with propranolol and atropine. 
Stroke volume following cardiac autonomic 
blockade becomes largely dependent on end- dia-
stolic volume. In these studies, cardiopulmonary 
blood volume was similar in hypertensive adults 
and normotensive controls, which suggests simi-
lar levels of preload [20, 30].

A stiffer, less compliant left ventricular in 
hypertensives could lead to lower ventricular vol-
ume end-diastole and a reduced stroke volume 
[28]. Decreased cardiac compliance, in turn, 
most likely reflects early cardiac restructuring in 
response to longstanding mild blood pressure 
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elevation. Julius and coworker proposed that the 
combination of down-regulation of cardiac β1- 
adrenergic receptors with decreased chronotropic 
and inotropic responses to sympathetic drive 
together with decreased cardiac compliance and 
stroke volume contribute to the normalization of 
cardiac output in established hypertension [31].

Vascular changes Concurrent structural vascular 
remodeling supports the progressive rise in vascu-
lar resistance. Sustained blood pressure elevation 
leads to remodeling of the arterial wall. Increased 
sympathetic stimulation is also well- documented 
vascular trophic factor [32, 33]. Thus, individuals 
with neurogenic borderline and established hyper-
tension appear especially prone to cardiac and vas-
cular remodeling. While medial smooth muscle 
hypertrophy with an increase in muscle wall mass 
can occur, the predominant change may reflect 
remodeling of the wall mass around a small vascu-
lar lumen based on anatomical studies in Denmark 
and physiologic studies in Ann Arbor [34, 35]. 
With either true hypertrophy with an increased 
vascular wall mass or remodeling of the vascular 
media with a normal wall mass surrounding a 

small lumen, the vascular wall:lumen ratio 
increases. In this setting, minimum vascular resis-
tance is higher and vasoconstrictor responses are 
non-specifically amplified. Folkow and colleagues 
were the pioneers in showing how an increased 
wall:lumen ratio contributes to hypertension by 
augmenting vascular resistance and responses to 
vasoactive stimuli [36]. Relevant to hypertension, 
Flkow demonstrated that an increased wall:lumen 
ratio leads to a non-specific amplification of vaso-
constrictor responses with a steeper slope and 
greater maximum vascular resistance.

Subsequent studies by Dr. Julius and col-
leagues in relatively young subjects with Stage 1 
hypertension compared to demographically and 
weight-matched normotensive controls were 
consistent with vascular remodeling as a non- 
specific amplifier of arterial resistance in response 
to different vasoconstrictors (Fig. 16.2) [37]. 
Folkow’s criteria for vascular remodeling as an 
amplifier of resistance responses were met in the 
Stage 1 hypertensive compared to matched con-
trols including: (i) minimum forearm vascular 
resistance, an index of vascular remodeling (ii) 
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Fig. 16.2 Baseline forearm vascular resistance was 
slightly higher in Stage 1 hypertensives than matched nor-
mal controls. Note forearm resistance responses between 
the two groups diverge progressively with increasing doses 
of regional norepinephrine. Maximum forearm responses 
were also greater in hypertensives than in matched normo-

tensive controls. Forearm vascular resistance responses to 
a graded regional infusion of norepinephrine (NE) are 
shown in Stage 1 hypertensive men and age-, sex-, race- 
and weight-matched normotensive controls. Note the 
steeper slope and greater maximum forearm resistance 
responses to NE in the Stage 1 hypertensive group
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vascular sensitivity to both vasoconstrictors, as 
estimated by the concentration required to induce 
30% of the maximal vasoconstrictor response, 
was similar (iii) forearm vasoconstrictor 
responses to both norepinephrine and angiotensin 
were characterized by a steeper slope and (iv) 
greater maximum resistance responses. Forearm 
vascular responses to both vasoconstrictors were 
also directly related to the minimum vascular 
resistance, a measure of vascular remodeling. 
Moreover, the vasodilator response to phentol-
amine was significantly greater in subjects with

Stage 1 hypertension than in controls indicat-
ing greater vascular alpha-tone. The latter finding 
coincides with earlier studies by Drs. Esler, Julius 
and colleagues described next.

Neurogenic borderline and established essential 
hypertension The investigative team then docu-
mented that adding systemic α-adrenergic block-
ade with phentolamine to cardiac autonomic 

blockade with propranolol and atropine normal-
ized arterial blood pressure in approximately 
one-third of subjects with borderline hyperten-
sion (Fig. 16.3) [4, 5].

These subjects were characterized by high- 
renin values, which likely reflected increased 
sympathetic drive to β1-receptors on the 
 juxtaglomerular cells, which stimulate renin 
secretion. The fact that acute and total autonomic 
blockade normalized blood pressure by reducing 
vascular resistance suggested to the authors that 
angiotensin probably did not play a critical role in 
the elevated blood pressure of borderline hyper-
tensive subjects with high plasma renin values.

The investigators subsequently extended their 
observations on high-renin and neurogenic 
hypertension to adults with established essential 
hypertension [5]. Subsequent studies using more 
contemporary methodologies including muscle 
sympathetic nerve activity and norepinephrine 
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Fig. 16.3 Three groups of subjects with borderline 
hypertension were studied. The 3 groups included sub-
jects with low renin (closed triangles), normal renin (open 
triangles) and high renin (open circles) borderline hyper-
tension. All 3 groups with borderline hypertension had 
higher mean blood pressure (MBP, mmHg) at rest than 

healthy controls. Following total autonomic blockade 
with propranolol, atropine, and phentolamine, MBP fell 
only in the high renin group and was no longer signifi-
cantly greater than MBP in normal controls (closed 
circles)
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turnover documented sympathetic overactivity is 
present in a substantial proportion of adults with 
essential hypertension including those who are 
obese [38, 39].

Renal norepinephrine spillover as increased in 
obese hypertensives and normotensives with 
increased cardiac norepinephrine spillover in 
obese hypertensives. The increased renal sympa-
thetic activity likely supports the volume expan-
sion with obesity and in obesity hypertension, 
while increased sympathetic drive to other organs 
including the heart appears to contribute to the 
elevated blood pressure. One might postulate that 
the increased systemic blood pressure should sup-
press renal and cardiac sympathetic activity in the 
hypertensive obese subset, which would support 
evidence by Guyton and colleagues on the critical 
importance of factors intrinsic and extrinsic to the 
kidney that increase sodium- volume retention 
required to sustain hypertension [24, 25].

Sympathetic activation and the cardiometabolic 
syndrome In a population-based community 
sample in Tecumseh, MI, Dr. Julius and col-
leagues demonstrated that heart rate, a marker of 
sympathetic activation, correlated with several 
metabolic features of the cardiometabolic syn-
drome among young adults in the early phase of 
hypertension (Fig. 16.4) [40].

The relationship between heart rate and hyper-
insulinemia was especially strong. The hyperin-
sulinemia most likely represents a compensatory 
response to insulin resistance as identified by the 
inverse relationship with HDL-cholesterol and 
direct link with hypertriglyceridemia.

Skeletal muscle is a key target organ for insulin 
action [41]. Resistance to insulin-mediated glu-
cose disposal, a dominant feature of the 
 cardiometabolic syndrome, is exacerbated by 
increased vascular alpha-adrenergic tone [42–45], 
which is a key feature of neurogenic hypertension. 
[4, 5] Drs. Jamerson and Julius demonstrated that 
insulin-mediated glucose disposal in the human 
forearm was acutely reduced in response to thigh-
cuff inflation, which pools blood in the lower 
extremities, thereby unloading cardiopulmonary 
mechanoreceptors and inducing reflex forearm 
vasoconstriction [44]. In fact, reflex neurogenic 
vasoconstriction induced a greater degree of fore-
arm insulin resistance than an intra-arterial norepi-
nephrine infusion, which reduced forearm blood 
flow to the same extent as thigh cuff inflation [45]. 
Thus, reflex neurogenic vasoconstriction reduced 
glucose utilization by mechanisms other than or in 
addition to reduced blood flow (Fig. 16.5) [45].

The authors cited studies indicating that 
reflex neurogenic vasoconstriction reduces the 
number of open capillaries in skeletal muscle. 
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Fig. 16.4 Among young adults in Tecumseh, Michigan, 
Dr. Julius and colleagues documented that resting heart 
rate was highly correlated with plasma insulin, strongly 
correlated with fasting glucose (Glc) and total cholesterol 
(Chol), and modestly yet significantly with high-density 
lipoprotein cholesterol (HDL) and trigyclerides (Trig). 

Three arrows denotes significance at p  <  0.001, two 
arrows p  <  0.01, and a single arrow p  <  p0.05. Arrows 
pointing up and to the right indicate a positive association 
between heart rate and metabolic variables, whereas the 
arrow pointing down and to the left indicates a negative 
association
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Moreover, capillary density in skeletal muscle is 
a major determinant of insulin-mediated  glucose 
disposal in this tissue [46]. Their experimental 
data suggested that neurogenically-mediated 
vasoconstriction [44, 45], observed in high-
renin patients with borderline and established 
essential hypertension [4, 5], significantly 
diminishes insulin- mediated glucose disposal in 
skeletal muscle. This notion is consistent with 
studies showing that selective α1-adrenoceptor 
antagonists improve insulin-mediate glucose 
disposal in hypertensive patients to a greater 
extent than renin-angiotensin system blockers 
[42, 43].

Clinical importance of neurogenic effects on car-
diometabolic variables Effective antihyperten-

sive therapy reduces stroke more than myocardial 
infarction [47, 48]. One potential explanation for 
the differential benefit of antihypertensive ther-
apy is that hypertension is frequently associated 
with multiple other cardiovascular risk factors 
that raise the risk for myocardial infarction more 
than the risk for stroke. In fact, increased sympa-
thetic tone may be involved in the genesis of mul-
tiple, pressure-independent coronary risk factors 
in hypertension [31].

Hypertension is frequently associated with 
hyperinsulinemia and insulin resistance [49]. 
Insulin resistance is frequently accompanied by a 
complex atherogenic dyslipidemia characterized 
by increased triglycerides, reduced HDL- 
cholesterol, and an increased number of dense 
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Fig. 16.5 After a 30-min baseline period, insulin was 
infused regionally to raise forearm insulin ~100 uU/mL 
for 90 min. Glucose utilization after 40–60 min of regional 
insulin rose 4–five fold from baseline values. Thigh cuff 

inflation (beginning 60 min after the regional insulin infu-
sion and continuing during thigh cuff inflation) minutes 
reduced forearm blood flow 19% and glucose utilization 
fell 23%, p < 0.02 [44]
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LDL-cholesterol particles [50]. Julius and col-
leagues provided evidence that these cardiometa-
bolic risk factors are related to increased 
sympathetic drive [40, 44]. They previously 
reported that increased sympathetic drive is asso-
ciated with a relative resting tachycardia and 
elevated hematocrit [3, 26]. All of these factors 
(overweight/obesity, hyperinsulinemia, insulin 
resistance, dyslipidemia, tachycardia, higher 
hematocrit) are established risk factors for coro-
nary heart disease and sudden death [31, 50–53].

Increased sympathetic drive and obesity: 
β-adrenoceptor down-regulation and thermogen-
esis Julius and colleagues documented that 
hyperkinetic borderline hypertension was charac-
terized by increased cardiac output, which was 
matched to heightened oxygen consumptions [3, 
27]. However, as noted previously, persistent 
excess sympathetic drive leads to desensitization 
or down-regulation of β-adrenoceptors. The Ann 
Arbor group in collaboration with Italian col-
leagues explored the connection between down- 
regulation of cardiac and thermogenic responses 
to the β-adrenoceptor agonist isoproterenol [54]. 
Subjects for this study included hypertensive 
adults and normal controls of comparable age but 
with lower body mass indices. The investigators 
documented that baseline heart rate was higher in 
the hypertensive group but that the responses of 
heart rate and oxygen consumption to isoproter-
enol were blunted in the hypertensive group. In 
fact, the chronotropic and thermogenic responses 
to isoproterenol were inversely related to urinary 
norepinephrine, an index of sympathetic drive.

Repeated neurogenic pressor episodes and future 
hypertension A long-standing hypothesis posits 
that repeated neurogenic pressor episodes lead to 
sustained hypertension by inducing cardiovascu-
lar remodeling and renal injury [31]. Dr. Julius 
and colleagues described a reproducible hyper-
tensive response to modest compression of both 
hind limbs in dogs using a fitted suit inflated to 
30 mmHg [55]. While the inflation produced no 
discernible discomfort, systolic blood pressure 
rose approximately 30  mmHg 60–90  min after 

suit inflation and was maintained for the duration 
of 6-h hind limb compression. Heart rate also 
rose approximately 15 beats/min during hind 
limb compression. Over 9  weeks, 6  h of daily 
hind limb compression did not raise resting sys-
tolic blood pressure or heart rate but resulted in a 
25%–30% increase in left ventricular muscle 
mass. Thus, repeated neurogenic elevations of 
blood pressure sufficient to induce significant 
cardiac remodeling did not lead to sustained 
hypertension. While these experiments do not 
disprove the hypothesis that repeated neurogenic 
pressor episodes lead to sustained hypertension, 
the findings, nevertheless, raise questions.

In related studies, Julius and coworkers 
showed that the pressor responses to hind limb 
compression could be abolished by combined α- 
and β-adrenoceptor blockade but not by individ-
ual blockade of α- or β-adrenoceptors. In fact, in 
the presence of α-adrenoceptor blockade, dogs 
experienced the same hypertensive response to 
thigh cuff inflation mediated by a greater rise of 
cardiac output when neurogenic vasoconstriction 
was constrained. Conversely, during 
β-adrenoceptor blockade, the usual pressor 
response was mediated by a larger rise of vascu-
lar resistance when the increase of cardiac output 
was constrained. These and other observations 
led Julius and colleagues to consider the ‘pres-
sure’ seeking properties of the nervous system, 
which can be satisfied with variable contributions 
of flow and resistance [54].

Evidence of increased sympathetic tone in 
human hypertension has also been documented 
in human platelets. Kjeldsen and co-workers doc-
umented increased thromboglobulin, reflecting 
increased platelet turnover, and plasma epineph-
rine as well as a correlation between these two 
variables in hypertensive patients [56]. In subse-
quent studies in collaboration with the Ann Arbor 
group, Kjeldsen documented an inverse relation-
ship between platelet noradrenaline, a marker for 
increased sympathetic drive, and decreased 
β-adrenoceptor responses [57]. The data suggest 
that increased sympathetic drive increases plate-
let turnover. Moreover, platelet norepinephrine, a 
long-term marker of sympathetic drive, is ele-
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vated in hypertension and is predictive of 
decreased β-receptor responses. These studies 
provide novel methodologic confirmation of 
excess sympathetic drive and down-regulation of 
β-adrenoceptor responsiveness in hypertensive 
patients.

Summary of Dr. Julius work on increased sympa-
thetic drive and multiple cardiovascular risk fac-
tors As summarized Fig.  16.6 [58], increased 
sympathetic drive, manifest as a faster heart.

High sympathetic tone as reflected by elevated 
heart rate, is strongly and positively correlated 
with blood pressure and hyperinsulinemia as well 
as glucose, triglycerides, cholesterol, hematocrit, 
and body mass index, and inversely correlated 
with HDL-cholesterol. Moreover, suppressed 
anger appears to underlie the sympathetic activa-
tion and parasympathetic withdrawal, which 
unleash a cluster of risk factors for cardiovascu-
lar disease. During the next phase of his produc-
tive scientific career, Dr. Julius and colleagues 
focused efforts on preventing hypertension and 
its cardiovascular consequences.

Clinical trials to advance knowledge on preven-
tion hypertension and its clinical conse-
quences Trial of Preventing Hypertension 
(TROPHY) [58]. In the more contemporary 
phase of his still active career, Professors Julius 
and colleagues have conducted a landmark trial 
on preventing hypertension in subjects with pre- 
hypertension as defined by resting blood pres-
sures in the 130–139/85–89 mmHg range. While 

blood pressure in this range have been defined as 
pre-hypertension since 1939 [59], the 2017 
Hypertension Guideline developed by the 
American College of Cardiology and the 
American Heart Association now defines Stage 1 
hypertension by blood pressure values of 130–
139/80–89 mmHg [60]. Given this evolution in 
defining Stage 1 hypertension, TROPHY assumes 
even greater significance.

In TROPHY, approximately 800 subjects with 
repeating clinic blood pressure values in the 
130–139/85–89  mmHg range were randomized 
to lifestyle intervention and the angiotensin 
receptor blocker, candesartan, or to lifestyle and 
placebo control [11]. After 2 years, candesartan 
was withdrawn and all subjects were followed 
for two additional years. As shown in Fig. 16.7, 
during the first 2 years, more subjects random-
ized to placebo developed hypertension than 
those randomized to candesartan, 40.4% vs 
13.6%, p  <  0.001. Thus, active treatment with 
candesartan reduced incident hypertension by 
two-thirds.

At 4 years, among subjects that had taken can-
desartan the first 2 years, 53.2% of them devel-
oped hypertension as compared to 63.0% in the 
placebo control group, p  <  0.001, or a 15.6% 
relative reduction in incident hypertension [11]. 
It could be argued that most of the benefit for 
hypertension prevention was lost when candesar-
tan was withdrawn. However, the 15.6% relative 
reduction of incident hypertension 2 years after 
candesartan was withdrawn is comparable to the 
reduction of incident hypertension seen with 
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intensive and persistent lifestyle intervention 
over the same time period.

Given challenges with improving lifestyle pat-
terns in the general population, pharmacotherapy 
provides a safe alternative for hypertension pre-
vention. In fact, during the four-years of 
TROPHY, serious adverse events occurred in 
5.9% of patients assigned to the placebo group 
versus 3.5% among those randomized from the 
active treatment group. With the recent designa-
tion of Stage 1 hypertension as blood pressures in 
the 130–139/80–89  mmHg range, TROPHY is 
among the studies showing that blood pressure 
can be safely and effectively lowered in these 
individuals. More specifically, the 2017 ACC / 
AHA Hypertension Guideline recommends phar-
macotherapy for Stage 1 hypertension when it 
occurs in conjunction with either clinical cardio-
vascular disease or a 10-year cardiovascular dis-
ease risk ≥10% [59].

Valsartan, amlodipine long-term evaluation 
(VALUE) study Importance of early blood pres-
sure control [12]. Professor Julius was a lead 
investigator on this important clinical trial, which 
generated some important and unexpected 
insights into preventing cardiovascular events in 
subjects at high risk. Among the important, 
 unexpected insights, VALUE results indicated 
that differences in hypertension control during 

the first 3–6 months of the trial contributed to an 
excess of cardiovascular events. While conven-
tional wisdom contends that it is important to 
‘start low’ and ‘go slow’ when treating hyperten-
sion in an older, high-risk population, TROPHY 
suggesting that ‘starting too low’ with pharmaco-
therapy, e.g., 80  mg valsartan, and ‘going too 
slow’ in up-titrating doses and adding other 
classes of antihypertensive medications can lead 
to serious clinical cardiovascular events. Thus, it 
is important to balance the adverse effects of 
more rapid (aggressive) hypertension control 
with the benefit of fewer cardiovascular events.

Importance of the number of antihypertensive 
medications [13]. Another important and some-
what unexpected finding of VALUE was that 
among individuals requiring more than initial 
monotherapy in an attempt to control their hyper-
tension, there was not a significant difference in 
clinical outcomes between those who did and did 
not attain hypertension control. The conventional 
wisdom is that the principal benefit of treating 
hypertension is mediated by blood pressure 
reduction, irrespective of the means by which 
control is attained. This iconoclastic finding in 
VALUE has been supported by a number of stud-
ies showing that blood pressure control among 
individuals with treatment resistant hypertension 
leads to less than expected benefits of blood pres-

0
0

1 2 3 4

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Candesartan
Placebo

P < 0.0001

%
 C

um
ul

at
iv

e 
in

ci
de

nc
e

2 Years

4 Years
RR
AR

}
}

15.8%
9.6%

Relative Risk
Absolute Risk

66%
26%

Adapted from Julius S, Nesbit MD et al: N Engl J Med. 200611

Fig. 16.7 Subjects with BP 130–139/85–89 randomized 
to candesartan (blue line) developed hypertension at 1/3 
the rate of those on placebo during the 1st 2 years. While 
some ‘catch up’ occurred in Years 3 and 4 when both 

groups received placebo, those initially on candesartan 
had a 15.8% relative reduction of incident hypertension at 
4 years
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sure reduction. Individuals requiring more medi-
cations to achieve hypertension control may well 
be a higher-risk subset with greater degrees of 
insulin resistance and target organ damage [60]. 
Nevertheless, data that they do not attain more of 
the expected benefits of blood pressure reduction 
will hopefully lead to insights that improve their 
clinical management and outcomes.

Importance of heart rate in treated hyperten-
sive patients. Heart rate is long recognized as a 
cardiovascular risk factor [31, 58]. Heart rate 
reduction with β-blockers is linked to improved 
clinical outcomes in patients with coronary heart 
disease or with heart failure with reduced ejec-
tion fraction [61, 62]. Yet, the importance of heart 
rate as a predictor of outcomes in a high-risk 
group of treated hypertensive patients not selected 
specifically for coronary heart disease or chronic 
heart failure has not registered as a significant 
clinical topic prior to a re-analysis of VALUE 
trial data (Fig. 16.8) [14].

In this insightful analysis, Dr. Julius and 
coworkers showed that both blood pressure and 
heart rate significantly impacted the primary out-

come of fatal and non-fatal heart disease and 
stroke. Within both the uncontrolled and the con-
trolled subgroups of hypertensive patients in 
VALUE, those with resting heart rate of 80 bpm 
and higher had worse outcomes than those with 
lower resting heart rate values.

In summary, more than 50 years of research by 
Professor Julius and colleagues has documented a 
key role of high levels of anger and especially 
suppressed anger and elevated blood pressure. 
Evidence indicates that anger activates the sym-
pathetic nervous system, while reduce parasym-
pathetic tone. The Ann Arbor group showed that 
this reciprocal dysfunction of the two limbs of the 
autonomic nervous system underlies the hyperki-
netic borderline hypertension and may be opera-
tive in neurogenic, high- renin hypertension. Dr. 
Julius and coworkers also documented a role for 
sympathetic activation in cardiometabolic risk 
and the cardiovascular continuum. In the most 
recent phase of research, attention has focused on 
national and multi- national studies on the preven-
tion and treatment of hypertension, which have 
yielded useful insights that have important impli-
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Fig. 16.8 Individuals in the upper quintile of resting 
heart rate (HR, ≥80 bpm) had more primary cardiovascu-
lar events than those with uncontrolled hypertension but 
resting HR in the lower four quintiles (<80 bpm). In mul-

tivariable hazards regression, among individuals with 
controlled hypertension those with faster heart rates had 
53% more cardiovascular events (HR 1.53 [95% CI 
1.26–1.85])
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cations for hypertension and cardiovascular dis-
ease prevention.
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 General Overview: Microfluidic 
Organs on a Chip

Although a relatively new field, in vitro modeling 
of tissues and organs is advancing considerably 
through the use of microfluidic platforms. In con-
trast to traditional, macroscale cell culture, which 
consists of monolayers of cells grown in 2 dimen-
sions, microfluidic platforms enable cells to be 
cultured in microscale channels which can have 
complex geometries defined by the user, precise 
exposure to fluid flow, creation of chemical gra-
dients, and concomitant exposure to mechanical 
stimuli (Fig. 17.1). These functionalities enable 
numerous features of the tissue microenviron-
ment to be recreated in order to better represent 
in vivo physiology. To date, several microfluidics 
organs on a chip (μOOC) have been created, 
including lung [1], liver [2], gut [3], kidney [4, 5], 
bone [6], brain, [7], heart [8] and blood vessels 
[9]. μOOC incorporate biological components 
(e.g. cells, biopolymers, biochemicals) with bio-
physical components (e.g. fluid flow, tissue 
geometry) of the tissue microenvironment which 
were previously difficult to replicate in vitro. 
μOOC are also being linked together to create 
“body on a chip” systems which facilitate 

exchange of metabolites between organs, and can 
be used for drug pharmacokinetic and toxicology 
studies [10]. μOOC also offer the more general 
advantages of microfluidic platforms which 
include monitoring dynamic cellular interactions 
in real time, lower cost due to reduced reagent 
volumes and cells, and higher throughput com-
pared with macroscale cell culture.

There is considerable reason to be optimistic 
that mechanistic insights gained from using 
μOOC to investigate disease pathophysiology, 
pharmacokinetics, and pharmacology studies 
will accelerate drug discovery and development. 
This is an area of dire need, as the clinical trans-
lation of pharmaceuticals has a high failure rate 
which generally has not improved over the last 
several decades despite an increase in invest-
ment [11]. The development of μOOC in the 
long term may supplement or replace animal 
studies and provide complementary data for 
clinical trials [12].

 Microfluidic Organs-on-Chip 
Relevant to Cardiovascular Diseases

Several μOOC have been developed which are 
relevant to understanding the basic science of car-
diovascular diseases (CVDs), and for aiding 
development of therapeutics for prevention, diag-
nosis, or treatment of CVDs. Thus far, μOOC of 
blood vessels and vascular networks, heart, and 
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kidney have been developed [4, 5, 8, 9]. These 
μOOC can be used for studies relevant to many 
CVDs, including hypertension, heart failure, 
myocardial infarction, arrhythmia, coronary 
artery disease, thrombosis, and cardiomyopathies. 
μOOC can considerably improve drug develop-
ment of CVDs for several reasons (summarized in 
[13], and described briefly here): While animal 
models of CVDs often model certain pathophysi-
ological components or lesions present in CVDs, 
the results from these models often do not trans-
late to results in humans. μOOC which reflect a 
quasi in vivo environment using human cells may 
provide results more reflective of responses in 
humans. Second, drug responses can be highly 
individualized (e.g. species dependence, human-
to-human variation). Studies in rodents, for exam-
ple, would not have predicted that thalidomide 
would cause limb defects in humans [14]. CVD 
treatments may be improved by patient stratifica-
tion. Stratifying drug responses according to 
patient subgroups could be done using μOOC cre-
ated with stem cells derived from individual 
patients. Third, in comparison with clinical trials, 
μOOC would likely be faster, less expensive, and 
allow analysis of the mechanism of the response 
at the organ, cellular, or subcellular level. This 
section summarizes the main biophysical proper-
ties which can currently be recreated by μOOC of 
blood vessels and heart, and highlights results rel-
evant to CVDs.

 Blood Vessels and Vascular Networks

Endothelial cells (ECs) lining the lumen of blood 
vessels are highly sensitive to biochemical and 
mechanical signaling from the environment, and 
the endothelial phenotype adapts accordingly. 
These adaptations occur via activation of the 
endothelium which can be physiological or 
pathophysiological. Examples of physiological 
adaptations include regulation of vascular tone, 
vessel formation/regression, endothelial permea-
bility, and other various functional changes 
related to the immune system, thromboresistance, 
and healthy body function. On the other hand, 
pathophysiological changes to the endothelium 
are an important mechanism underlying CVDs 
such as atherosclerosis, thrombosis and hyper-
tension. Additionally, hemodynamics involves 
biophysical phenomena such as Rouleaux forma-
tion and sedimentation which are lacking in static 
cell cultures. Since processes occurring in blood 
vessels are highly dynamic and rely on biophysi-
cal stimuli from the endothelial microenviron-
ment to mediate endothelial adaptations, μOOC 
may aid understanding of CVDs and provide an 
improved platform for drug development 
(Fig. 17.2).

 Microchannel Geometry
Microchannels used to create biomimetic blood 
vessels can be fabricated with diameters 

Inlet

Cell culturearea

Outlet

Silicon microchip

Fig. 17.1 A simple 
microfluidic cell culture 
platform. A channel with 
at least 1 submillimeter 
dimension is fabricated 
in a silicone microchip. 
Cells are cultured in the 
microchannel and 
exposed to biochemical 
and/or biomechanical 
stimuli (e.g. flow) to aid 
differentiation into the 
tissue of interest

I. T. Papademetriou
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 (generally 100–1000 microns) which match that 
of most native blood vessels. This microchannel 
diameter range ensures laminar flow which is 
characteristic of flow in native blood vessels. 
Another byproduct of the microchannel geome-
try is that the volume of fluid in microchannels is 
much smaller than macroscale cell cultures. 
Microchannels can therefore be used to create a 
culture platform with a reduced ratio of fluid to 
cells which more closely approximates fluid-to- 
cell ratios present in vivo. Wang and colleagues, 
[15], designed such a system which minimized 
the ratio of culture medium to blood-brain barrier 
ECs and incorporated flow which was in range of 
physiological values for blood residence time in 
human brain. Their device is the first microfluidic 
model of the blood-brain barrier which achieves 
barrier tightness in the range reported in vivo.

The geometry of blood vessels is related to 
blood flow properties such as apparent viscosity 
(due to the fahreus-lindqvuist effect) and fluid 
shear stress (FSS). Microchannels can be 

designed with geometries of interest (e.g. steno-
sis, bifurcations in the case of CVDs) to simulate 
hemodynamic conditions. Microchannels can 
also be fabricated with multiple compartments 
which segregate cell types while allowing inter-
cellular communication. For example, two- 
compartment systems have been designed which 
enable co-culture of endothelialized microchan-
nels with perivascular cells [5, 15]. Microchannel 
geometry can be used to expose ECs to chemical 
gradients which simulate conditions in vivo. This 
can be accomplished using multiple approaches. 
For example, a chemical gradient parallel to the 
microchannel can be established by introducing 
the chemical on one side of the channel. Similarly, 
in a two-compartment system, a chemical gradi-
ent perpendicular to the microchannel can be 
established by adding the agent to one of the 
compartments. Microfluidic vascular networks 
have also been created to more closely approxi-
mate the complex geometry of vasculature in 
vivo [16]. More than endothelialized 

Vessels-on-chip
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Fig. 17.2 Examples of biophysical parameters for 
Vessels-on-chip. Flow rate, FSS, and type of flow (e.g. 
pulsatile vs. continuous) can be used to recreate hemody-
namic conditions. Microchannel geometries relevant to 
vasculature include (a) straight channel (b) bifurcation (c) 
stenosis (d) vascular network. Some Vessels-on-chip 

enable exposure to cyclic stretch in the presence or 
absence of concomitant FSS.  Perivascular cells (e.g. 
SMCs) cultured as e) 2-dimensional monolayers or f) in 
3-dimensional matrix (e.g. hydrogels) can be incorporated 
to better mimic the tissue microenvironment
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 microchannels, these vascular networks better 
represent the 3 dimensional geometry of native 
blood vessels, and can be designed to incorporate 
multiple segments of the vascular tree in a single 
system (e.g. from artery to capillary). For exam-
ple, Moya et  al. developed capillary networks 
which anastamose with fluidic microchannels to 
enable perfusion at physiological flow and shear 
rates [16].

 Flow
Microfluidics enables precise control of flow 
parameters (e.g. flow rate, FSS, pulsatile/contin-
uous laminar flows) which can be used to simu-
late hemodynamics in physiological or 
pathophysiological conditions. Flow adds a con-
vective component to transport of substances 
from the blood stream, and affects the rheologi-
cal properties of blood. Flow rates for blood ves-
sels in vivo range from less than 1  cm/s in 
capillaries to 40–50  cm/s in the aorta, and this 
range is achievable in microfluidic devices. 
Simulating physiological flow rates in vitro can 
help to recreate the transport of metabolites and 
signaling molecules present in vivo. A microflu-
idic blood-brain barrier model, for example, was 
designed with flow which simulated the blood 
residence time of human brain blood vessels, and 
successfully recreated the tightness of the human 
blood-brain barrier [15]. FSS is a mechanical 
stress parallel to the direction of flow imparted on 
endothelium by blood flow. FSS is sensed by the 
endothelium via a variety of mechanosensitive 
elements (e.g. endothelial glycocalyx, platelet- 
endothelial cell adhesion molecule 1, ion chan-
nels) which initiate a biological response that 
changes EC mechanical properties, and can also 
alter the local extracellular matrix or neighboring 
cells (e.g. smooth muscle cells (SMC), pericytes) 
[17, 18]. FSS has been demonstrated to alter EC 
morphology, activate cell signaling pathways, 
induce actin cytoskeletal rearrangement, and 
alter endothelial permeability [19]. FSS ranges 
from ~3 dyne/cm2 in capillaries to greater than 
100 dyne/cm2 in arteries, and this range can be 
achieved with microfluidic devices. Laminar flow 
occurs in most cases of physiological blood flow 
and is produced in microfluidic devices due to the 

microscale diameter of the channels. Pulsatile 
laminar flow occurs more often in large arteries 
due to the contraction of the heart, while continu-
ous laminar flow is more characteristic of smaller 
arteries, capillaries, and the venous system. 
Pulsatile flow can exert different effects than con-
tinuous flow. For example, erythrocyte adhesion 
to ECs was found to be enhanced by pulsatile 
flow relative to continuous flow [20]. In addition 
to flow applied to the lumen of endothelialized 
microchannels, flow can also be applied ablumi-
nally to mimic interstitial flow. Interstitial flow 
was recently shown to improve the differentiation 
of microfluidic vascular networks [21]. Chin 
et al. used pulsatile flow in a blood vessel on a 
chip system to examine the effect of heart rate, 
shear stress, and hyperglycemia on production of 
reactive oxygen species (ROS) [22]. The authors 
found pulsatile flow increased production of ROS 
relative to continuous flow. In hyperglycemia, 
pulsatile flow increased ROS production relative 
to static condition. These results suggest that pul-
satile flow helps recapitulate in vitro the effects of 
exercise and hyperglycemia on ROS production 
by endothelium. A separate study examined the 
adhesion of monocytes to endothelium activated 
with inflammatory cytokine in the presence of 
flow using endothelialized microchannels pre-
pared with ECs derived from human induced plu-
ripotent stem cells (hiPSCs, [23]). 
hiPSC-differentiated ECs displayed an endothe-
lial phenotype in the presence of flow, and mono-
cyte adhesion was enhanced in activated vs 
unactivated conditions. The use of hiPSCs in the 
model is an important step towards demonstrat-
ing the feasibility of using patient-derived stem 
cells in μOOC.

 Cyclic Stretch
Cardiac contractions result in the generation of 
pulsatile blood flow in the larger segments of the 
arterial circulation. Pulsatile flow exerts cyclic 
stretch on ECs and SMCs. As in the case of FSS, 
cyclic stretch has been found to influence endo-
thelial phenotype. For example, cyclic stretch has 
been found to induce rearrangement of the actin 
cytoskeleton [24, 25], and regulate endothelial 
permeability [26, 27]. Combined exposure of 
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FSS and cyclic stretch was found to enhance 
actin realignment relative to FSS alone [25]. 
Combined exposure to FSS and cyclic stretch 
enabled ECs to adhere more efficiently to cul-
tured SMCs than static incubation in a microflu-
idic device [25], supporting the role of mechanical 
stimuli in interactions between ECs and SMCs. 
Interestingly, cyclic stretch was also shown to 
stimulate convective transport in the perivascular 
space which is retrograde to the direction of 
luminal fluid flow [27]. This result provides evi-
dence for a mechanism by which interstitial fluid 
and metabolites are filtered from the brain, and is 
an interesting example of how the incorporation 
of mechanical stimuli in microfluidic models can 
provide insight into the function of the tissue 
microenvironment. A recent study by Sinha et al. 
investigated the effect of cyclic stretch and FSS 
where the applied stretch is anisotropic and not 
perpendicular to the direction of flow [28] as 
occurs in tortuous (i.e. not straight) vessels. The 
authors also pointed out that changes in shape 
and mechanical properties of the vascular wall 
make anisotropic, non-perpendicular orientations 
of cyclic stretch and FSS relevant to modeling 
atherosclerosis, aneurysms, and hypertension. As 
expected, when cyclic stretch was applied alone, 
ECs aligned perpendicular to the direction of 
stretch, and when FSS was applied alone, ECs 
oriented parallel to the direction of 
FSS.  Interestingly, when cyclic stretch was 
applied at a non-perpendicular angle to FSS, FSS 
and cyclic stretch appeared to have a competitive 
effect on EC alignment. At a FSS of 0.55 Pa, FSS 
dominated over cyclic stretch and ECs aligned in 
the direction of flow. At 0.08 Pa of FSS, cyclic 
stretch determined the direction of EC alignment. 
This work showed that concomitant and complex 
biomechanical stimuli can produce unique effects 
on EC phenotype which may provide new 
insights for CVDs.

 Incorporation of Perivascular Cells
Intercellular interactions between endothelium 
and perivascular cells (e.g. SMCs, pericytes) con-
tribute to the physiological function of blood ves-
sels and to mechanisms of disease. The 
incorporation of these cell types is therefore 

important for the creation of physiologically rel-
evant engineered blood vessels. SMCs are located 
in the perivascular space of larger vessels (e.g. 
arteries, arterioles). EC-SMC interactions regu-
late a variety of events related to vascular func-
tion such as vasoconstriction/dilatation, platelet 
aggregation, and neutrophil adhesion [29]. 
Intercellular communication between ECs and 
SMCs is facilitated biochemically via signaling 
molecules such as nitric oxide, prostacyclin and 
hydrogen peroxide, as well as electrically via 
myoendothelial gap junctions (see [29] for 
review). Changes in SMC phenotype are associ-
ated with disease states. For example, SMC pro-
liferation is correlated with hypertension and 
atherosclerosis. Caudal arteries in hypertensive 
rats were found to have increased amounts of 
myoendothelial gap junctions, suggesting that 
EC-SMC interactions may be increased during 
hypertension [30]. Pericytes are primarily found 
in the microcirculation and at present can be 
broadly defined as any microvascular periendo-
thelial mesenchymal cell [31]. Pericytes interact 
with endothelial cells to regulate the barrier func-
tion of capillaries, capillary diameter, and turn-
over of ECs [31]. Pericytes can be correlated with 
disease development. For example, pericyte loss 
in retinal microvessels is considered a morpho-
logical indication of diabetic retinopathy [32]. As 
can be seen from this brief synopsis, there is a 
rich rationale for incorporating perivascular cells 
into platforms of microfluidic engineered blood 
vessels.

 Heart-on-Chip

Engineered in vitro myocardium has been devel-
oped to further understanding of cardiac physiol-
ogy and CVDs. The myocardium contracts as a 
result of cardiomyocyte (CM) depolarization 
which is initiated by electrical stimulation from 
the sinoatrial node and conducted through the 
atria and ventricles. CMs are elongated and 
anisotropic, connecting together at their ends via 
formation on intercellular junctions to form car-
diac fibers which constitute the major component 
of myocardial tissue. Thus, numerous  biophysical 
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stimuli contribute to the physiological function 
of the heart which can be recreated with heart-on-
chip platforms. These platforms can be outfitted 
with electrodes to stimulate CM [33], as well as 
cantilevers to enable recording of CM contractile 
force [34].

 Engineering a Quasi-In Vivo 
Microenvironment
Heart on a chip platforms expose CM to a quasi in 
vivo microenvironment via incorporation of bio-
physical stimuli such as electrical stimulation, 
geometries or substrate patterning which estab-
lishes CM anisotropy and elasticity [34–36], com-
partmentalization of microvessels and CM, fluid 
flow, cyclic stretch, or incorporation of additional 
cells present in myocardium such as fibroblasts, 
ECs, and SMCs. It is important that substrates 
used for culture of CM have appropriate elasticity, 
as matrix elasticity affects CM functions (e.g. 
action potential length, calcium influx [37]). 
Culture of CM in an anisotropic geometry stimu-
lates CM activity. CM anisotropy can be accom-
plished by culture on micropatterned extracellular 
matrix [34, 36], confinement of CM [8], or culture 
on topographically- patterned substrate [33]. 
Electrical stimulation can enhance expression of 
gap junction and sarcomere proteins [33, 38]) and 
enables maturation of CM derived from human 
PSCs [39]. Application of cyclic stretch to con-
fined, hydrogel suspended CM resulted in a 
marked increase in formation of junction com-
plexes compared with static culture [40]. As a 
result, CM cultured under cyclic stretch exhibited 
improved differentiation into cardiac tissue and 
better mechanical and electrical coupling [40]. 
Physiological elasticity can be obtained by culture 
of CM on micropatterned biological substrates 
such as fibronectin [34] or hydrogels [35, 37]. 
Compartmentalization of CM and microvessels 
with continuous fluid flow in the vascular com-
partment enables simulation of nutrient/metabo-
lite exchange between myocardium and 
microvessels. Mathur et  al. used an array of 
micropillars to separate flow in vascular channels 
from CM [8]. With this setup, transport occurred 
exclusively via diffusion, while shielding CM 
from FSS. In another study, flow, CM anisotropy, 

and electrical stimulation were established in a 
perfusable cardiac microtissue which was 
designed to mimic native cardiac bundles [39]. 
Perfusion and concurrent electrical stimulation 
lowered the excitation threshold for cardiac con-
tractility and enhanced maximum beating fre-
quency [39].

 Modeling CVDs with Heart-on-Chip 
Devices
Disease modeling with heart-on-chip devices has 
been established with insults which produce car-
diomyopathy, such as ischemia-reperfusion [41], 
ischemia [42], cyclic stretch overload [43], as well 
as the use of diseased cells derived from patients 
with Barth’s syndrome cardiomyopathy [44]. 
Ischemia-reperfusion produced membrane depo-
larization and apoptosis in CM after ischemia, and 
the rate of apoptosis accelerated after reperfusion 
[41]. One advantage of this system was that it pro-
vided a facile method to determine the kinetics of 
CM apoptosis relative to animal models [41]. A 
separate study documented cell shrinkage, cyto-
skeletal disintegration, membrane depolarization, 
and activation of caspase 3 in CM after exposure 
to ischemia [42]. Exposure to pathological cyclic 
stretch has also been investigated in an engineered 
heart-on-chip device [43]. Cyclic stretch induced 
pathological remodeling, including decreased α- 
to β-myosin heavy chain ratios, and changes to 
CM shape and sarcomere alignment. Peak systolic 
stress was reduced and calcium transients were 
similar to those reported for failing CM. Heart on 
a chip fabricated with human cells derived from 
iPSCs [38] is expected to improve the translatabil-
ity of results to humans, and enable studies related 
to personalized medicine. For example, patient-
derived iPSCs and heart-on-chip technology was 
used to model and test therapies for Barth’s syn-
drome cardiomyopathy [44].

 Harnessing Microfluidic Organs 
on Chip for Hypertension Research

As described in section “Microfluidic Organs–
on–chip relevant to cardiovascular diseases”, 
numerous platforms are currently available which 
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can be utilized to inform the basic science of car-
diac physiology and CVDs, as well as aid drug 
development for CVDs. The following section 
highlights some of the applications of μOOC for 
hypertension research.

 Endothelial Dysfunction 
and Hypertension

Endothelial dysfunction is a defined pathophysi-
ological state of the endothelium which impairs 
vascular function, and is pro-thrombotic, pro- 
inflammatory, and pro-constrictive [45]. 
Endothelial dysfunction is associated with hyper-
tension, although the relationship is complex and 
currently unclear. Upregulation of inflammatory 
and vasoconstrictive factors in endothelium 
increases vascular tone and systemic tone, and 
results in sodium retention by the kidneys [46]. 
The downstream effects of these changes are pos-
tulated to result in hypertension. μOOC present 
an opportunity to investigate this relationship. 
For example, blood vessel μOOC may be used to 
examine the effect of changes in sodium/potas-
sium, hormones (e.g. angiotensin II), fluid vol-
ume, or albumin levels on blood pressure and 
endothelial phenotype. μOOC have been outfit-
ted with pressure sensors suitable for monitoring 
pressure within fluidic microchannels, and pres-
sures within the physiological range have been 
achieved [47]. The results could be compared in 
activated endothelium (e.g. via stimulation by 
inflammatory cytokines), and in unactivated 
endothelium. Such an experiment would provide 
insight into the contribution of endothelial dys-
function to the development of hypertension. 
This type of study is not possible with static cell 
cultures, and the analysis in animal models would 
likely be more difficult due to the added com-
plexity of the native in vivo environment. The 
role of hemodynamic conditions (e.g. continuous 
vs pulsatile flow, flow rate, FSS, cyclic stretch) 
could be investigated in a similar fashion.

Blood vessels on a chip could also be used to 
test the efficacy and toxicity of antihypertensives 
which act on the vasculature. Kidney μOOC 
could be used to test antihypertensives acting on 

the kidney (e.g. SGLT2 inhibitors which control 
reabsorption of glucose). Multiple μOOC linked 
together could be used to investigate systemic 
regulation of blood pressure. For example, kid-
ney, lung, blood vessels, and brain could be used 
to examine blood pressure regulation by the 
renin-angiotensin system (RAS). Such a setup 
could potentially recreate the inter-organ endo-
crine signaling present in RAS, and would aid in 
decoupling the contribution of individual organs 
or tissues. Individualized μOOC fabricated using 
stem cells derived from peripheral blood of 
patients [48] could allow assessment of hyperten-
sion development and responsivness to antihy-
pertensives which is specific to a patients genetic 
background. A protocol which enables differen-
tiation of stem cells to SMCs would be needed to 
incorporate patient-derived SMCs into the device.

 Endothelial Dysfunction 
and Atherosclerosis

The association between endothelial dysfunction 
and atherosclerosis is also complex, although 
considerably more well defined than with hyper-
tension. Endothelial dysfunction and changes in 
blood flow result in vascular permeability that 
enables accumulation and modification of lipids 
in the subendothelial space [49]. This encourages 
the recruitment of monocytes to endothelium and 
transmigration to the subendothelial space. 
Monocytes differentiate into macrophages which 
subsequently develop into foam cells due to the 
internalization of lipids. Foam cells accelerate 
inflammation and initiate the formation of the 
atherosclerotic lesion. Chemokines and growth 
factors subsequently induce proliferation of 
SMCs into the intima, leading to formation of a 
fibromuscular plaque. Although this constitutes 
merely the early stages of atherosclerosis, there 
are multiple points where the relationship 
between endothelial dysfunction and biophysical 
events (e.g. monocyte recruitment, transmigra-
tion) can be investigated (Fig. 17.3). Importantly, 
the blood vessel microenvironment plays a role 
in atherosclerosis development, as vessel bifurca-
tions and low FSS are characteristic of 
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 atheroprone sites. Stenosis resulting from athero-
sclerosis results in hemodynamic changes which 
may contribute to the disease progression. 
Intercellular exchange of metabolites, hormones, 
and other biochemicals occurs between endothe-
lium and perivascular cells. Vessels-on-chip 
could allow these biophysical parameters to be 
incorporated simultaneously or in isolation, 
potentially enabling the effect of each cue to be 
decoupled from other parameters. μOOC model-
ing atherosclerosis have been developed [50–52]. 
Recently, vessel-on-chip incorporated a pneu-
matic channel in order to tune stenosis of an 
endothelialized microchannel [52]. The device 
incorporated fluid flow at low FSS and whole 
blood perfusion to examine leukocyte endothelial 
interactions at various levels of stenosis [52]. 
μOOC modeling of atherosclerosis using patient 
specific cells appears possible currently, as 
peripheral blood drawn from patients can be used 

to generate ECs from stem cells [48]. Whole 
blood from the patient could be used as well, par-
ticularly for studies examining monocyte recruit-
ment to the vessel wall.
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