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12.1	 �Introduction

Diabetes mellitus, hypertension and dyslipidaemia are all risk factors for athero-
sclerotic cardiovascular disease (ASCVD), which is a major cause of mortality and 
morbidity worldwide. The global prevalence of diabetes is increasing in epidemic 
proportions, as outlined in an International Diabetes Federation (IDF) report. The 
IDF estimated that 366 million people worldwide had diabetes mellitus in 2011 and, 
if current trends continue, 552 million people (or one in ten adults) will have diabe-
tes by 2030 [1]. In contrast, over the period 1975–2015, the prevalence of hyperten-
sion decreased in high-income, and some middle-income countries and remained 
unchanged elsewhere [2]. Hypertension and type 2 diabetes are common comor-
bidities based on data from studies conducted in Western countries and in Japan [3, 
4]. It was estimated that 20% of patients with hypertension had type 2 diabetes and 
the 50% of patients with type 2 diabetes had hypertension; having either of these 
conditions increased the risk of developing the other by 1.5–2.0 times [5].

Individuals with both hypertension and diabetes have a four-fold higher risk of 
developing cardiovascular disease (CVD) compared with age-matched normoten-
sive nondiabetic controls [6]. Diabetes was associated with a two- to four-fold 
increase in the risk of myocardial infarction (MI), congestive heart failure, periph-
eral arterial disease, stroke and death in the Framingham Heart Study [7]. A recent 
analysis of the Framingham data revealed that the population with hypertension at 
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the time of a diabetes mellitus diagnosis had significantly higher rates of mortality 
from all causes (32 vs 20 events per 1000 person-years) and cardiovascular events 
(52 vs 31 events per 1000 person-years) compared to normotensive subjects with 
diabetes mellitus, suggesting that major part of this excess risk is due to coexistent 
HTN [8].

12.2	 �Pathophysiology: Converging Pathways

The complex mechanisms involved in the pathogenesis of essential hypertension act 
on a genetic background. Development of hypertension in genetically vulnerable 
people is related to increased salt intake, obesity, excess alcohol consumption, men-
tal stress, decreased physical activity and poor sleep [9]. While the majority of 
patients have essential hypertension that does not have an identifiable cause, it is 
important to recognise secondary causes of hypertension because they may be cur-
able. Causes of secondary hypertension include primary aldosteronism, pheochro-
mocytoma or renal artery stenosis, among others.

Several pathophysiologic mechanisms coexist in diabetes mellitus and hyper-
tension including oxidative stress due to reactive oxygen species (ROS), patho-
genic activation of the renin-angiotensin-aldosterone system (RAAS), 
inflammation, blunted insulin-mediated vasodilatation, sympathetic nervous sys-
tem (SNS) activation, dysfunctional innate and adaptive immune responses, and 
impaired renal handling of sodium [10]. In addition, major pathogenic factors 
underlying the coexistence of both diabetes mellitus and hypertension are obesity 
and increased visceral adiposity. Tissue RAAS activation is caused by chronic 
low-grade inflammation and oxidative stress in adipose tissue, which leads to 
increased production of angiotensinogen (AGT) and angiotensin II (Ang II) [8]. 
Ultimately, overexpression of AGT in adipose tissue results in elevated blood 
pressure (BP) [11]. Thus, AGT and Ang II have local and systemic effects on BP 
regulation. One of the many deleterious effects of Ang II is mediated via activa-
tion of the Ang II type 1 receptor (AT1R) [12]. The production of ROS, reduced 
insulin metabolic signalling, and proliferative and inflammatory vascular 
responses culminating in endothelial dysfunction, insulin resistance and hyper-
tension are caused by the activation of AT1R in non-adrenal tissues [12]. 
Figure 12.1 shows the RAAS pathway and its association with chronic low-grade 
inflammation in diabetes.

12.3	 �Coexistence of Hypertension and Diabetes Mellitus

There is a lot of evidence for an increased prevalence of hypertension in people 
with versus without diabetes mellitus [13]. In a paper published on American 
Indian and Alaska Native communities to study the prevalence of clinical hyper-
tension and look at its coexistence with diabetes mellitus, 37% of individuals with 
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diabetes were diagnosed with hypertension [14]. In addition, the relative risk of 
hypertension in those with versus without diabetes varied from 4.7 to 7.7 [11]. 
Individuals from ethnic minorities in the United Kingdom who were aged 
40–59 years and had hypertension were more likely to have diabetes than those 
without hypertension, and people with diabetes were at much higher risk of hav-
ing hypertension [15]. Data from a meta-analysis suggest that each 20-mmHg 
increase in systolic BP increases the risk of new-onset type 2 diabetes mellitus by 
77% [16].

The affected organs are similar in both essential hypertension and diabetes mel-
litus, and the vascular tree is the common target. As a result, coexisting diabetes 
mellitus and hypertension significantly increase the risk of developing renal failure, 
retinopathy, coronary heart disease [17], left ventricular hypertrophy [18], conges-
tive heart failure [19] and stroke [20] compared with either condition alone. Rates 
of microvascular complications, retinopathy and nephropathy are highest in patients 
with hypertension and diabetes [21, 22]. Lowering BP is therefore of critical impor-
tance in patients with diabetes [23, 24]. However, how low the BP target should be 
is the subject of debate. The “rule of halves” in diabetes and hypertension states that 
more than 50% of people with either of these conditions remain undiagnosed, 50% 
of those in whom the disease is detected are untreated treatment, and 50% of those 
receiving treatment do not achieve disease control. Thus, the overall proportion of 
patients with diabetes mellitus or hypertension who are adequately controlled is 
small [25, 26].
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Fig. 12.1  The RAAS pathway and its association with chronic low-grade inflammation in diabe-
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12.4	 �Diagnosis of Hypertension in Diabetes Mellitus

BP should be measured routinely at each clinical visit, and should be measured in 
both arms to detect any differences. For patients with elevated office BP 
(>140/90  mmHg), this should be confirmed using multiple readings, including 
measurements on a separate day, to diagnose hypertension. All patients with 
hypertension and diabetes are advised to monitor their BP at home. Orthostatic 
measurement of BP should be performed at the first visit and periodically during 
follow-up [27, 28].

BP needs to be measured by a trained person [29] with the individual in the seated 
position, with feet on the floor and arm supported at heart level. Cuff size should be 
appropriate for the upper arm circumference [30]. To reduce within-patient variability, 
BP should be measured after 5 min of rest, and 2–3 readings should ideally be taken 
1–2 min apart, and BP measurements should be averaged [31].

Autonomic neuropathy can be assessed by checking for postural changes in BP 
and heart rate, which would require adjustment of BP targets [32]. Home BP monitor-
ing and 24-h ambulatory BP monitoring can provide evidence of white coat hyperten-
sion, masked hypertension, or other discrepancies between office and “true” BP [33].

12.5	 �Blood Pressure Target in DM

BP targets for all patients with diabetes and hypertension must be individualised, 
taking into account patient preference, cardiovascular risk, and the potential benefi-
cial and adverse effects of antihypertensive medications. A BP target of 
<130/80  mmHg is appropriate for individuals with diabetes and hypertension at 
higher cardiovascular risk (existing or 10-year ASCVD risk ≥15%) [34]. BP should 
be maintained at <140/90 mmHg in individuals with diabetes and hypertension who 
are at lower risk for CVD (10-year ASCVD risk <15%) [34].

12.6	 �Glycaemic Goals

Optimal management of diabetes requires identification and optimisation of the 
“ABCDEs” of diabetes: A1C (glycosylated haemoglobin; HbA1c), BP, cholesterol 
(i.e., dyslipidaemia), diet and exercise. Glucose goals should be established on an 
individual basis for each patient, taking both clinical characteristics and the patient’s 
psycho-socioeconomic circumstances into consideration [35, 36].

The American Diabetes Association (ADA) also recommends individualising 
glycaemic targets based on patient attitude and expected treatment efforts, risks 
potentially associated with hypoglycaemia and other adverse events, disease dura-
tion, life expectancy, important comorbidities, established vascular complications, 
resources and support system [37].

Glycaemic recommendations for many non-pregnant adults with diabetes are 
summarised as follows [37]:
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	1.	 HbA1c: <7.0%.
	2.	 Preprandial blood glucose: 80–130 mg/dL.
	3.	 Postprandial blood glucose: <180 mg/dL.
	4.	 Time in range as measured by continuous glucose monitoring should be >70%.

12.7	 �Prevention

Treating diabetes and hypertension in developing countries such as India presents a 
real challenge because prevention is a major goal before starting to treat. Effective 
management is essential to lessen the mortality and morbidity related to both diabe-
tes and hypertension, and there are now better treatment tools than ever before [38–
40]. There are multiple levels at which hypertension and diabetes can be prevented 
and treated.

Primordial prevention: This refers to avoidance and prevention of risk factors. 
Given the overlap between major risk factors for hypertension and diabetes melli-
tus, an integrated approach to the prevention and control of both can be undertaken. 
Primordial prevention focuses on health policies that create an environment that 
promotes healthy behaviours and necessary education programmes. This requires 
political commitment, involvement by health professionals, and efforts of commu-
nity leaders and the mass media [41].

The extremely low proportion of patients with hypertension or diabetes mellitus 
who achieve adequate disease control [25, 26] represents a massive challenge and 
underlines the need to urgently raise community awareness of these conditions. It is 
important to detect diabetes and hypertension early, before any organ damage occurs, 
and provide patients with the best possible and yet affordable treatment. A research 
paper titled “Improving the prevention and management of chronic disease in low-
income and middle-income countries: a priority for primary health care” talks about 
management of chronic diseases and how this is totally different from acute care, and 
dependent on several factors, including opportunistic case finding for risk factor 
assessment, early disease detection and high-risk status identification [42]. All these 
should be followed by a combination of social, psychological and pharmacological 
interventions, often in a stepped-care manner, and finally long-term follow-up with 
frequent monitoring and promotion of adherence to treatment [42].

Primary prevention: The concept of primary prevention refers to a stage where 
risk factors have already emerged and efforts are needed to prevent the condition in 
individuals with pre-diabetes or prehypertension. The co-ordination and collabora-
tion of public primary care and private health systems will be required to make 
many of these recommendations a reality. Primary prevention is very important as a 
complementary and integrated strategy for several reasons [43]:

	1.	 The immense public health burden associated with diabetes and hypertension 
justifies action at the population level.

	2.	 Many of the presently available treatments, while valuable, come with the risk of 
undesirable side effects (e.g. hypoglycaemia, electrolyte imbalance), may have 
limited efficacy, and may not be accessible over the long term, especially for 
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individuals who have problems accessing medical care or adhering to self-care 
regimens [44].

	3.	 Lifestyle modifications designed to facilitate the prevention of hypertension and 
diabetes are likely to have other beneficial effects (e.g. decreased lipid levels, 
and prevention of heart disease and certain cancers).

	4.	 Many important determinants, such as a balanced diet, weight management and 
physical activity, are not amenable to implementation or influence by medical 
care practitioners alone, and are likely to be better addressed by public health 
efforts and educators in the society.

	5.	 The integration of primary care and public health interventions is needed to 
address racial/ethnic and socioeconomic disparities because these are multifac-
torial in origin [45].

	6.	 In addition to lifestyle modification, pharmacotherapy as part of primary preven-
tion strategies in high-risk individuals has been shown to be effective in ran-
domised controlled trials (RCTs) [46].

RCTs of structured lifestyle modification have found that reducing calorie intake 
plus physical activity leading to modest weight loss reduces the incidence of type 2 
diabetes in high-risk adults by 50–70% [47]. The Diabetes Prevention Program 
(DPP) research trial led by the US National Institutes of Health (NIH) was per-
formed in a US population, but is generalisable to other countries [48]. Participants 
were randomly assigned to one of three groups:

	1.	 Lifestyle intervention to encourage reduction in calorie intake and increased 
physical activity.

	2.	 Metformin, the most prescribed oral antidiabetic medication, which is known to 
improve insulin sensitivity.

	3.	 A placebo control group.

The DPP lifestyle intervention group had an initial body weight reduction of 
∼6% after 12 months, decreasing to ∼4% after 3 years. This group had showed an 
increase in self-reported physical activity (equivalent to brisk walking) from 100 to 
190 min per week. This intervention had an impressive effect on the incidence of 
diabetes, which was decreased by 58% over 4 years compared with the placebo 
control group. These benefits were seen in men and women across race and ethnic 
groups and were even greater at older ages [48].

Major trials have also documented the efficacy of lifestyle modification to reduce 
BP and prevent hypertension in high-risk adults [49]. A prospective study on the 
contribution of physical activity and body mass index to the risk of hypertension 
conducted in drug-naïve adults from Finland showed that subjects with higher levels 
of physical activity had a lower prevalence of hypertension [50]. In combination 
with increased community detection programmes and compelling epidemiologic 
data, these trials of primary and secondary prevention led to a series of strong 
national recommendations for the prevention, detection and treatment of high 
BP [28].
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In the Trials of Hypertension Prevention-phase I (TOHP-I), which enrolled 2182 
participants with prehypertension, of the three lifestyle changes proposed (weight 
reduction, sodium reduction and stress management), weight reduction was the 
most powerful strategy, producing a net weight loss of 3.9 kg and a BP change of 
−2.3/−2.9 mmHg [51].

Secondary prevention: Secondary prevention in people with diabetes and hyper-
tension is essential because of the significant financial burden associated with the 
complications of these conditions. Unless proper treatment is provided to patients 
with hypertension and/or diabetes, these individuals face a significant burden of 
complications in the future. Three landmark studies on glycaemic control in diabe-
tes mellitus—the Diabetes Complications and Control Trial (DCCT) [52], the 
United Kingdom Prospective Diabetes Study (UKPDS) [53] and the Kumamoto 
Study [54]—have documented the beneficial effects of glycaemic control in pre-
venting microvascular complications. In the UKPDS study there was a 16% reduc-
tion in the occurrence of MI but this did not reach statistical significance, indicating 
that blood sugar control alone is not sufficient to prevent MI. Thus, a multifaceted 
approach, including controlling glucose, BP, and serum lipid levels, is needed to 
prevent CVD in patients with diabetes, as shown by the STENO-2 Study [55].

Unfortunately, replicating the international consensus on the treatment and care 
of patients with diabetes mellitus and hypertension is a huge task in developing 
nations such as India, especially in rural areas. One major challenge is the avail-
ability of trained physicians to screen, identify and treat the conditions in these 
regions. Screening can be successfully performed by non-physicians, as shown in 
the Chunampet Rural Diabetes Prevention Project (CRDPP) [56]. The CRDPP is a 
successful model of diabetes healthcare and prevention to underserved rural areas in 
developing countries such as India, which provides an example for others on how to 
deliver quality screening and treatment tools. Large-scale screening for diabetes 
mellitus and hypertension is possible, but the challenge then becomes long-term 
follow-up and delivery of pharmacological therapy in a cost-effective manner 
because the diseases are lifelong.

12.8	 �Conclusion

The prevalence of diabetes and hypertension is rising in epidemic proportions, and 
these conditions represent some of the biggest challenges facing healthcare systems 
in developing countries like India. Diabetes increases the risk of CVD, and this risk 
is multiplied by coexisting hypertension. All major molecular mechanisms that con-
tribute to the microvascular and macrovascular complications of diabetes, including 
oxidative stress, inflammation and fibrosis, also cause vascular remodelling and 
dysfunction in hypertension. Targeting diabetes at all levels of prevention including 
primordial prevention, primary prevention, secondary prevention and tertiary pre-
vention along with controlling comorbidities, especially hypertension, and good 
strategies to promote vascular health will be important for reducing the microvascu-
lar and macrovascular complications of diabetes. There is an urgent need to improve 
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monitoring and management of risk factors through primary care-linked pro-
grammes. Public health policies and large-scale public education have a huge role 
in reducing the risk of both diabetes and hypertension, and thus of CVD, in the 
community.
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