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Abstract Hypertension is the leading factor in the global bur-
den of disease. It is the predominant modifiable risk factor for
stroke, heart disease, and kidney failure. Chronic kidney dis-
ease (CKD) is both a common cause and sequel of uncon-
trolled hypertension. The pathophysiology of CKD-
associated hypertension is complex and multi-factorial. This
paper reviews the key pathogenic mechanisms of CKD-
associated hypertension, the importance of standardized blood
pressure (BP) measurement in establishing the diagnosis and
management plus the significance of ambulatory BP monitor-
ing for assessment of diurnal BP variation commonly seen in
CKD. The optimal BP target in CKD remains a matter of
discussion despite recent clinical trials. Medical therapy can
be difficult and challenging. In addition to lifestyle modifica-
tion and dietary salt restriction, treatment may need to be
individualized based on co-morbidities. Combination of anti-
hypertensive drugs, including appropriate diuretic choice and
dose, is of great significance in hypertension management in
CKD.
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Introduction

Hypertension, a global public health problem, is the major risk
factor for adverse cardiovascular and cerebrovascular out-
comes resulting in premature death and disability [1]. The
prevalence of hypertension is rising despite increased aware-
ness and improved treatment. Recent National Health and
Nutrition Examination Survey shows 47% of adults aged over
20 with hypertension had uncontrolled blood pressure (BP)
[2]. Chronic kidney disease (CKD), a recognized risk factor
for cardiovascular disease (CVD), is another common and
growing problem [3]. Hypertension prevalence, the most
common CKD-associated comorbidity, increases with declin-
ing renal function [4]. The relationship between CKD and
hypertension is complex and bidirectional. At some point, it
becomes difficult to determine which disease process precedes
the other, as both diseases share similar risk factors including
age, obesity, minority descent, and comorbidities like diabetes
or CVD. Additionally, the prevalence of resistant hyperten-
sion—defined as BP that remains above the goal despite the
concurrent use of three antihypertensive agents of different
classes, including a diuretic, prescribed at optimal dose with-
out presence of a secondary cause of hypertension—increases
with advanced CKD [5, 6]. Respectively, patients with CKD
are at very high risk for CVD and mortality. Therefore, con-
trolling elevated BP, is of great importance [7].

Blood Pressure Measurement in Clinical Practice

Accurate and standardized BP measurements are critical.
Standardized measurements include using the appropriate cuff
size; measurements should be repeated at intervals of 1 to
2 min and then averaged. BP should be measured in both arms
to check for any between-arm discrepancies that could be
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commonly seen in CKD patients due to heavily calcified or
arteriosclerotic arteries. Using the higher BP of the two arms is
recommended for management purposes. These approaches
require appropriate training of the clinical staff and are more
time consuming than the single conventional BP measurement
done routinely.

Home BP monitoring is superior to conventional auscul-
tatory office BP readings, correlates more closely with am-
bulatory blood pressure monitoring (ABPM), and is more
predictive of adverse cardiovascular outcomes [8—10]. In
contrast, automated office BP readings are up to
20 mmHg lower than the standard conventional office BP
measurements and are comparable to or even lower than
daytime ambulatory BP readings [11]. However, 24-h
ABPM provides critical information on diurnal BP variabil-
ity and nocturnal BP [12]. Patients with CKD often lose the
physiologic nocturnal 10-20% fall in systolic and diastolic
BP levels. In advanced CKD, patients might even have a
rise in nocturnal BP, a phenomena called riser. The loss of
nocturnal dip and high BP variability are linked to increased
risk of cardiovascular events and target organ damage in-
cluding progression of CKD [13, 14]. Similarly, the loss of
circadian rhythm and increased prevalence of the riser BP
pattern is associated with highest risk of cardiovascular
events among all possible BP patterns. It is 2.5-fold more
prevalent in CKD and up to 5-fold more prevalent in end-
stage renal disease (ESRD) [15]. In addition, ABPM is
diagnostic for white-coat hypertension, a common cause
of apparent resistant hypertension defined as persistently
elevated clinic BP readings while out-of-office BP values
measured by 24-h ABPM are normal [16]. Alternatively,
masked hypertension, defined as normal office BP levels
but out-of-office hypertension, appears to be remarkably
prevalent in CKD [17]. There is a strong association be-
tween elevated nighttime BP and masked hypertension.
Patients with masked hypertension are at increased risk for
cardiovascular events and target organ damage including
higher cumulative risk of ESRD [18].

Pathogenesis of Hypertension in CKD

Multiple mechanisms of independent or interdependent path-
ways contribute to the pathogenesis of hypertension in CKD.
The kidney is both the contributing and the target organ of the
hypertensive processes.

Loss of sodium regulation and impairment in excretion
in the setting of CKD can result over time in volume-
mediated hypertension and increases the prevalence of
salt-sensitive hypertension [19]. There is a strong associ-
ation of CKD and prevalence of resistant hypertension in
part due to subclinical volume overload exacerbated by
high dietary salt intake [20]. Increased dietary sodium
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intake can cause arterial vessel stiffness—commonly seen
in elderly and CKD—resulting in increased risk of devel-
opment of systolic hypertension, decreased nitric oxide
release, and promotion of inflammatory processes [21,
22]. Excessive salt intake blunts the BP-lowering effect
of most classes of antihypertensive drugs leading to de-
velopment of resistant hypertension [23]. In contrast, low
salt intake can have a synergistic effect on the actions of
antihypertensive drugs that block the renin angiotensin
aldosterone system (RAAS) [24]. These effects are more
pronounced in salt-sensitive patients, including the elder-
ly, African Americans, and CKD population [25].

Sympathetic nervous system (SNS) activity is increased in
CKD [26]. The assessment of SNS activity and its contribu-
tion to BP regulation is imprecise, as circulating catechol-
amine levels provide only a rough estimate of the SNS activ-
ity. The renal artery is highly innervated with efferent renal
nerves that originate from the central nervous system and af-
ferent renal nerves that originate from the kidneys.
Stimulation of efferent renal nerves via (3-1 adrenoreceptors
increases renin secretion from the juxtaglomerular apparatus
that is also highly volume regulated [27]. Renin secretion
activates the RAAS resulting in increased sodium reabsorp-
tion by both angiotensin II in the proximal tubule and aldoste-
rone in the distal nephron in exchange for the secretion of
potassium. RAAS activation also causes direct vasoconstric-
tion via angiotensin II effect. Hypertension can cause and
accelerate renal injury when impaired auto-regulation allows
the transmission of high systemic pressures to the glomeruli,
resulting in glomerulosclerosis [28].

The presence of proteinuria, commonly seen in CKD, may
have an accentuating BP effect due to the filtered plasminogen
and its conversion within the urinary space to plasmin by
urokinase-type plasminogen activator that increases sodium
retention by activating the epithelial sodium channel in the
nephron collecting duct [29]. Similar results have been ob-
served in patients with preeclampsia [30]. Similarly, CKD is
more common in patients with obesity and metabolic syn-
drome. Although the relationship between obesity and hyper-
tension is well described, the pathophysiology of obesity-
induced hypertension is complex and not fully understood
[31]. Angiotensin-II-independent release of aldosterone by
adipocytes could be a reason for the increased occurrence of
aldosterone-mediated-resistant hypertension [32].

Exogenous and commonly available over-the-counter
drugs like non-steroidal anti-inflammatory drugs
(NSAIDs) can add to this complexity [33, 34]. Inhibition
of renal prostaglandin by NSAIDs can lead to sodium and
fluid retention in patients with CKD [35]. Other agents
that can add difficulty in BP management include decon-
gestant and diet pills that contain sympathomimetics or
amphetamine-like stimulants, oral contraceptives, and
herbal preparations containing ephedra [36].
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Evaluation of Hypertension in CKD

The first step in evaluation of difficult to treat hypertension in
CKD is to confirm the diagnosis of true treatment resistance
hypertension and exclude pseudo-resistance due to inaccurate
blood pressure measurement technique and or treatment non-
adherence [37]. Barriers to successful medication adherence
include polypharmacy, drug costs, dosing inconvenience, and
adverse effects of drugs. It is important to clarify the duration,
course, and severity of the hypertension and if possible, the
chronologic relation to the established diagnosis of CKD.
Modifiable and contributing factors are to be identified and
eliminated if possible (Table 1). Evaluation for secondary
causes like renal artery stenosis should be considered in a
young female, whose presentation may suggest the presence
of fibromuscular dysplasia or in an older patient at increased
risk of atherosclerotic disease, who has had a recent deterio-
ration of renal function following therapy with angiotensin-
converting enzyme (ACE) inhibitors or angiotensin receptor
blockers (ARBs), or history of flash pulmonary edema [38].
Screening for target-organ damage including presence of pro-
teinuria, left ventricular hypertrophy, or retinopathy and esti-
mation of glomerular filtration rate (GFR) for the degree of
CKD are essential to assess the risk of cardiovascular compli-
cations and further deterioration of renal function.

Target Blood Pressure in CKD

The optimal BP level in the treatment of hypertension in gen-
eral and in CKD patients remains a matter of debate and con-
troversial despite recent clinical guidelines and trial data [39,
40]. In CKD, the goal is to prevent cardiovascular events and
delay the progression to ESRD requiring renal replacement
therapy or renal transplant [41, 42]. Multiple trials in non-
diabetics, including MDRD, AASK, and REIN-2 failed to
show benefit from lower BP targets of <130/80 mmHg com-
pared to <140/90 mmHg in slowing the progression of CKD

Table 1
pressure

Modifiable and contributing factors that can increase blood

Excessive dietary salt ingestion

Obesity with or without obstructive sleep apnea

Heavy alcohol consumption

Smoking

Non-steroidal anti-inflammatory drugs or Selective COX-2 inhibitors
Sympathomimetic agents (decongestants, diet pills, cocaine)
Stimulants (methylphenidate, amphetamine, methamphetamine,)
Oral contraceptives

Natural licorice

Herbal compounds (ephedra or ma huang)

to ESRD [43-45]. These trials had insufficient power to assess
cardiovascular outcomes. The ACCORD trial that included a
large number of diabetics with mild CKD (creatinine <1.5 mg/
dl) detected a small but statistically insignificant reduction in
cardiovascular events among diabetics treated to the intensive
systolic BP goal of <120 mmHg compared to goal BP of
<140 mmHg [46]. A follow-up report of ACCORD study
suggests that intensive glycemic control might have been
harmful and masked the cardiovascular benefits of intensive
BP control [47]. In contrast, data from the SPRINT study
which excluded diabetics but included 28% of participants
with reduced estimated GFR of 20-60 ml/min/1.73m” showed
a 25% relative risk reduction in the cardiovascular events of
myocardial infarction, other acute coronary syndromes,
stroke, heart failure, or death from cardiovascular causes,
and 27% reduction in all-cause mortality in individuals treated
to the intensive systolic BP goal of <120 mmHg (mean sys-
tolic BP was 121.5 mmHg) [40]. Although there was no dif-
ference in rates of 50% reduction of estimated GFR or ESRD
between the intensive BP-treated group compared to standard-
BP group, more patients without incident CKD had >30%
decline in estimated GFR with intensive treatment. Both the
ACCORD and SPRINT trials showed an increase in the risk
of serious adverse events (hypotension, electrolyte abnormal-
ities, and acute kidney injury) with the more intensive BP
lowering strategy. The benefit of BP target of <130/
80 mmHg in patients with CKD and proteinuria is supported
based on post hoc analyses [48].

Whether the results of SPRINT study can be implemented
into future guidelines is a matter of discussion, as unattended
office BP measurement technique used in the SPRINT study is
not easily applicable in daily practice, cannot be directly com-
pared to BP measurements in other trials, and provided read-
ings comparable to lower systolic BP assessed by ABPM [49,
50]. Respectively, the current clinical practice guidelines for
the management of hypertension in CKD without proteinuria
recommending a goal BP of <140/90 mmHg remains valid
(Table 2) [39, 51-56]. In the presence of proteinuria the rec-
ommendation, based on expert opinion, is a lower BP target of
<130/80 mmHg. The Canadian Hypertension Education
Program Guideline has an update based on SPRINT study
results recommending intensive BP treatment to target systolic
BP <120 mmHg in high-risk patients (Grade B) and automat-
ed office BP as the preferred method of obtaining in-office BP
measurement (Grade D) [57].

Ultimately, it is important to balance the cardiovascular
benefits of intensive targeted BP therapy in patients with
higher cardiovascular risk, as adopted in the SPRINT trial,
with possible increase in therapeutic costs, drug-related side
effects, and serious adverse effects. Similarly, in the presence
of commonly seen vascular pathology in CKD population, the
risk of adverse effects including cerebral hypoperfusion, re-
duction in myocardial perfusion, or acute kidney injury may
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Table 2 Recommended blood pressure targets in CKD

Guideline CKD without proteinuria CKD with proteinuria
JNCS [39] <140/90 mmHg <140/90 mmHg
KDIGO [51] <140/90 mmHg <130/80 mmHg
NICE [52] <140/90 mmHg <130/80 mmHg
CHEP [53] <140/90 mmHg <140/90 mmHg
ESC/ESH [54] <140 mmHg <130 mmHg
ASH/ISH [55] <140/90 mmHg <140/90 mmHg
ADA [56] <140/80 mmHg

ADA American Diabetes Association, ASH/ISH American Society of
Hypertension/International Society of Hypertension, CHEP Canadian
Hypertension Education Program, ESC/ESH European Society of
Cardiology/European Society of Hypertension, KDI/GO Kidney
Disease: Improving Global Outcomes, N/CE National Institute for
Heath and Care Excellence, JNCS USA Eighth Joint National Committee

be increased if the BP is reduced below the threshold of
autoregulation.

Treatment of Hypertension in CKD

Achieving optimal BP control in CKD patients is frequently
challenging even for nephrologists or hypertension specialists.
A non-pharmacological approach with modification of life-
style factors including dietary salt restriction, weight loss, reg-
ular exercise, and decreased alcohol ingestion are first steps in
management of hypertension [58—60]. High salt diet blunts
the effect of ACE inhibitors, and sodium reduction enhances
the anti-proteinuric effect of ARBs [61, 62]. Accordingly, di-
etary sodium restriction to less than 100 mEq (2300 mg)/24 h
is recommended. Additionally, ingestion of a diet rich in fruits
and vegetables, with close monitoring of the potassium levels
in setting of advanced CKD, reduces systolic and diastolic BP
compared to a usual diet [63]. Identification and discontinua-
tion of potentially interfering substances, like NSAIDs, is
crucial.

Individualization of treatment should be considered based
on the existing co-morbidities in addition to the CVD risk
status, age, gender, and ethnicity of the patient. Avoidance
of complex dosing regimens and high out-of-pocket costs im-
proves patient’s compliance. Use of long-acting drugs with
minimal adverse effects, chosen from different classes that
increase the renal sodium excretion and inhibit both the
RAAS and SNS activity can provide a synergistic pharmaco-
logical effect. There is strong evidence that combination reg-
imens reduce cardiovascular events and are currently the stan-
dard of care recommended [39, 51, 64—66].

Modification of a regimen by adding a diuretic, increas-
ing the dose of the diuretic, or changing the class of pre-
scribed diuretic based on GFR can significantly improve BP
control [67, 68]. Lack or underuse of diuretics in patients
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with CKD is a common cause of treatment-resistant hyper-
tension. Long-acting thiazide-like diuretic, chlorthalidone, is
the most potent thiazide diuretic [69]. Although KDIGO
guideline recommends a switch from thiazide-type diuretic
to loop diuretic at CKD Stage 4 (GFR <30 mL/min/
1.73 mz), this recommendation has been challenged recently,
based on few small studies that reported efficacy of thiazide-
type diuretics even at low GFR [70]. Loop diuretics are
more potent natriuretic agents, and individuals with ad-
vanced CKD with or without proteinuria may require even
higher doses to achieve natriuresis and BP reduction. Use of
long acting diuretics avoids counter-regulatory rebound so-
dium reabsorption and volume retention in patients with
CKD [71]. And finally, sequential blockade of sodium chan-
nels along the nephron with both a thiazide and loop diuretic
is very effective, but the combination requires frequent mon-
itoring of serum creatinine and electrolytes [72].

RAAS blockers are recommended in many guidelines for
management of hypertension in CKD patients with or without
proteinuria. The reno-protective effect of ACE inhibitors or
ARBs is exerted by reducing the intra-glomerular pressure
and thereby decreasing proteinuria [73]. Respectively, an as-
sociated GFR loss of up to 30% is physiologic and is associ-
ated with a better renal outcome [74]. There is no indication
for cessation of the RAAS blocker, unless there is the compli-
cation of persistent hyperkalemia refractory to treatment.
Although a combination of RAAS blockers could improve
BP control in resistant hypertension, it is associated with sig-
nificant adverse effects including risk of severe hyperkalemia
and acute renal failure and should be avoided [75, 76].

Dihydropyridine calcium channel blockers (CCBs) in con-
trast to the non-dihydropyridine CCBs, which have more an
anti-proteinuric effect are very effective antihypertensive
drugs [77]. Patients may experience lower extremity edema
due to the higher pre-capillary arterial dilatation effect of the
drug class. This condition is refractory to diuretics but im-
proves or resolves with the use of an ACE inhibitor or ARB.
The combination of a CCB with an ACE inhibitor might be
more effective in slowing the progression of CKD, particular-
ly in black patients [78, 79].

Aldosterone antagonist is the drug of choice for patients
uncontrolled on multidrug regimens and low-renin status as
the result of volume expansion or possible aldosterone escape
phenomenon [80, 81]. The effect of the drug is independent of
a patient’s baseline plasma aldosterone or 24-h urinary aldo-
sterone level, plasma renin activity, or plasma aldosterone/
renin ratio [82]. Although an aldosterone antagonist use in
combination with an ACE inhibitor or ARB is not contraindi-
cated in CKD, they should be restricted to patients with GFR
>30 mL/min/1.73 m? and plasma potassium concentrations of
<4.5 mmol/L due to high risk of hyperkalemia, particularly
seen in patients taking NSAIDs or have co-morbidities such as
diabetes.
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Beta-blockers, as the fifth drug of choice, are more often
used when there is a coexisting cardiac disease such as ische-
mic heart disease or heart failure [83]. Combined alpha and
beta antagonists are the more effective agents. Alpha-blockers
despite their possible favorable effect on BP and vascular
remodeling have limited role due to common side effect of
dizziness. Clonidine, a centrally acting agent, can be very
effective but requires frequent dosing, has a significant side
effect profile, and is associated with rebound hypertension if
the dose is missed when using a daily dose over 0.6 mg. Potent
vasodilators such as hydralazine or minoxidil have a higher
incidence of adverse effects including lower extremity edema
or tachycardia and respectively are less preferred drugs.

A very important factor in management of hypertension in
CKD is the concept of chronotherapy. Bedtime administration
of at least one of the drugs is associated with a better 24-h
mean BP control and could induce the desired nocturnal dip in
non-dippers, thereby reducing cardiovascular event risk [84,
85]. Finally, frequent home BP monitoring by the patients can
enhance medication adherence and improvement of hyperten-
sion [86].

Conclusion

Hypertension is the major modifiable risk factor for cardio-
vascular disease and renal failure. The interaction between
hypertension and CKD is complex and increases the risk of
adverse cardiovascular outcomes. This risk is particularly sig-
nificant in the setting of resistant hypertension commonly seen
in CKD. Sodium dysregulation, increased SNS activity, and
alterations in RAAS are some of the key pathogenic mecha-
nisms of CKD-associated hypertension and do play an impor-
tant role in determining the choice of antihypertensive medi-
cation. Out-of-office BP measurements including ABPM pro-
vide a better assessment of diurnal BP variation commonly
seen in CKD. The optimal BP target in CKD population re-
mains a matter of debate despite recent clinical trial results.
Medical therapy can be difficult, challenging, and even frus-
trating in the setting of commonly seen resistant hypertension.
Combination of different drug classes including appropriate
diuretic choice in addition to the non-pharmacological ap-
proaches, most of important of which is dietary salt restriction,
is the optimal management practice.
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