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Abstract

Hypertension and diabetes mellitus (DM) are two of the leading lifestyle diseases in the Indian and South Asian populations that
often co-exist due to overlapping pathophysiological factors. Obesity, insulin resistance, inflammation, and oxidative stress are
thought to be some common pathways. Up to 50% of hypertensive cases in India are diagnosed with type 2 diabetes mellitus
(T2DM), which defines the need for a comprehensive guideline for managing hypertension in diabetic patients. These RSSDI
guidelines have been formulated based on consultation with expert endocrinologists in India and Southeast Asia, acknowledg-
ing the needs of the Indian population. Ambulatory blood pressure monitoring and office and home-based blood pressure (BP)
monitoring are recommended for the early analysis of risks. Cardiovascular risks, end-organ damage, and renal disorders are the
primary complications associated with diabetic hypertension that needs to be managed with the help of non-pharmacological and
pharmacological interventions. The non-pharmacological interventions include the nutrition education of the patient to reduce
the intake of salt, sodium, and trans fats and increase the consumption of nuts, fresh fruits, vegetables, and potassium-rich foods.
It is also recommended to initiate 50 to 60 min of exercise three to four times a week since physical activity has shown to be more
beneficial for hypertension control in Indian patients than dietary modulation. For the pharmacological management of hyperten-
sion in patients with T2DM, angiotensin II receptor blockers (ARBs) are recommended as the first line of therapy, demonstrating
their superiority over other antihypertensive agents such as ACEi. However, most of the global hypertension guidelines recommend
initiation with combination therapy to achieve better BP control in most patients and to reduce the risk of adverse events. For com-
bination therapy, calcium channel blockers (CCBs) are recommended to be administered along with ARBs instead of beta-blockers
or diuretics to avoid the risk of cardiovascular events and hyperglycaemia. Among the CCBs, novel molecules (e.g. cilnidipine) are
recommended in combination with ARBs for better cardiovascular and reno-protection in diabetic hypertensive patients.
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eGFR Estimated glomerular filtration rate

eNOS Endothelial nitric oxide synthase

HBPM Home blood pressure monitoring

HFrEF Heart failure with reduced ejection
fraction

HMOD Hypertension-mediated organ damage

HTN Hypertension

KDIGO Kidney Disease Improving Global
Outcomes

KDOQI Kidney Disease Outcomes Quality
Initiative

LMIC Low- and middle-income countries

LV Left ventricular

MACCE Major adverse cardiac and cerebrovas-
cular events

MHSBP Morning home systolic blood pressure

MI Myocardial infarction

OSA Obstructive sleep apnoea

PAD Peripheral arterial disease

PE Preeclampsia

RAAS Renin-angiotensin—aldosterone
system

RAS Renin—angiotensin system

RCT Randomized controlled trial

ROS Reactive oxygen species

RSSDI Research Society for the Study of
Diabetes in India

SBP Systolic blood pressure

SGLT?2 inhibitors Sodium-glucose cotransporter 2
inhibitors

SNA Sympathetic nerve activity

SPC Single-pill combination

SUA Serum uric acid

T2DM Type 2 diabetes mellitus

TIA Transient ischaemic attack

UACR Urine albumin—creatinine ratio
UPCR Urine protein—creatinine ratio
VSM Vascular smooth muscle
WHO World Health Organization
Introduction

Currently, hypertension is a major public health issue in India,
causing over 1.6 million annual deaths accounting for 10.8%
of the total mortalities and 4.6% of the disability-adjusted life
years [1]. Both conditions’ co-existence is common in the
middle and older age groups across all geographic and soci-
odemographic groups in India [2]. A crucial consideration
for the management of hypertension in Indian subjects is the
management of risk factors, which can be achieved through a
combination of treatment approaches [3]. To manage the co-
existing diseases, there is a need for detailed guidelines that
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consider the safety and efficacies of various treatment agents
in patients with DM. This guideline by the Research Society
for the Study of Diabetes in India (RSSDI) provides a detailed
account of the standard, approved, and novel treatment agents
to be used in India for controlling hypertension in patients
with DM and for managing and reducing the risks of associ-
ated complications and organ damage. It also will describe
lifestyle modification strategies and dietary approaches rec-
ommended for patient education, which is a pressing need for
the Indian population [4]. This guideline focusses only on the
management of hypertension in diabetic patients. Discussion
on the non-pharmacological or pharmacological management
of diabetes and special populations like pregnancy may not be
in the purview of this guideline.

Definition of hypertension

Hypertension or systemic arterial hypertension refers to per-
sistently high blood pressure in the systemic arteries beyond
140 mmHg [5]. ACC/AHA guidelines have changed the
range to 130/80; however, Indian Guideline of Hyperten-
sion IV (IGH IV) guideline defines hypertension as systolic
blood pressure (SBP) of > 140 mmHg and/or diastolic blood
pressure (DBP) of > 90 mmHg [6].

Classification of blood pressure

Blood pressure is defined as the pressure exerted on the
blood vessels due to blood flow. Measurement of systolic
pressure refers the pressure in arteries when the heart beats
while the diastolic pressure refers the pressure in arter-
ies when the heart rests between beats. A pressure below
120/80 mmHg is normal for all age groups. Table 1 shows a
classification of normal and elevated blood pressure. When
the BP levels of the patient are far beyond the normal and
range higher than 180/120 mmHg, they are in a state of
hypertensive crisis (as referred by AHA) requiring immedi-
ate medical attention [6].

Other criteria based on office, ambulatory (ABPM), and
home blood pressure (HBPM) measurements are shown
in Table 2.

Types of hypertension

Based on causative factors

Primary or essential hypertension

e Primary hypertension is mostly asymptomatic and is

diagnosed based on repeated BP measurements or com-
munity screening [5].
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Table 1 Various blood pressure

Blood pressure category

categories and definitions of

hypertension grade [6]

Systolic mmHg (upper Diastolic mmHg

Normal
Elevated

High blood pressure (hypertension) stage 1
High blood pressure (hypertension) stage 2
High blood pressure (hypertension) stage 3

OR hypertensive crisis

number) (lower number)
Less than 120 and Less than 80
120-129 and Less than 80
130-139 or 80-89

140 or higher or 90 or higher
Higher than 180 and/or Higher than 120

Table2 Office, ambulatory (ABPM), and home blood pressure
(HBPM) measurements [6]

SBP/DBP, mmHg

Office BP > 140 and/or>90
ABPM
24-h average > 130 and/or >80
Daytime (or awake) average > 135 and/or > 85
Nighttime (or asleep) average > 120 and/or>70
HBPM > 135 and/or > 85

Positive family history because of involvement of mul-
tiple genes and their allelic variants [5]

Up to 60% of the population above 60 years of age is
more susceptible to primary hypertension [7].

Indian patients with primary hypertension are mostly
unaware of their status and remain undetected. Hence,
the Ministry of Health and Family Welfare Guidelines
have advised that patients with positive risk factors
such as obesity, diabetes mellitus, previous history of
cardiovascular disease, patients above 60 years, and
current smokers must be screened regularly [8].

Salt-sensitive hypertension

Patients’ response to salt due to the genetic build-up
is one of the described factors for the development of
essential hypertension. Not all individuals demonstrate
arise in BP due to the intake of a salt-rich diet.

Salt sensitivity is a crucial element in the pathophysiol-
ogy of hypertension. It is involved in both mechanisms of
hypertension: (a) increased pulse volume and inability to
excrete sodium in the urine and (b) endothelial dysfunc-
tion and increased peripheral resistance.

Salt-sensitive hypertension is presented by a signifi-
cant increase or decrease in the BP levels of the patient
depending on the salt content of the diet [9].

In Indian patients, salt intake has been a significant bar-
rier to managing hypertension, as the average intake is
as high as 13.8 g per day [4].

Approximately 17-30% of cases of hypertension and associ-
ated cardiovascular conditions have been attributed to high
salt consumption in India [4]. It also increases the risk of
endothelial dysfunction and renal function decline [9]

The possible mechanism by which excess salt intake
contributes to hypertension involves its effects on cardiac
output. Excessive salt intake leads to an expansion of
extracellular volume in the presence of sodium, which
causes an increase in the cardiac output, increasing the
cardiac workload. Reduction of dietary salt intake, thus,
has a positive effect and is thus recommended in Indian
patients [10].

Secondary hypertension

Secondary hypertension is often due to an identifiable reason
showing sudden worsening of BP. It is secondary to other
diagnoses such as aldosteronism, reno-vascular hyperten-
sion, renal disease, and obstructive sleep apnea (OSA) [5].
The prevalence of secondary hypertension is about 5-10%
of hypertensive cases, wherein 2-3% cases are reno-paren-
chymal hypertension, and 1-2% are reno-vascular [11].
As per the International Society of Hypertension, the fol-
lowing signs and symptoms should suggest the possibil-
ity of secondary hypertension [12]:

Muscle weakness/tetany

Cramps, arrhythmias

Hypokalemia

Pulmonary edema

Sweating

Palpitations

Frequent headaches (pheochromocytoma)

Snoring, daytime sleepiness (obstructive sleep apnea)

Across all adult ages, renal disease, reno-vascular hyper-
tension, aldosteronism, and OSA represent the most com-
mon causes of secondary hypertension.

In patients with secondary hypertension, besides blood
pressure assessment, further investigations should
include blood investigations for the sodium, potassium,
serum creatinine, estimated glomerular filtration rate

@ Springer



International Journal of Diabetes in Developing Countries

(eGFR), lipid profile, and fasting glucose levels, along
with urinalysis.

¢ Clinical recommendations in practice for the evaluation of
hypertension are for early detection of secondary hyperten-
sion, for prevention of hypertension-mediated organ damage
(HMOD) and associated cardiovascular complications [13].

® Young adults prone to secondary hypertension should be
assessed for renal parenchymal disease [14].

Based on disease severity
Resistant hypertension

e Patients in whom hypertension remains unmanaged despite
being treated with 3 or more antihypertensive medications,
including diuretics, are classified to have treatment-resistant
hypertension after ruling out non-adherence to treatment
and sub-optimal choices in antihypertensive therapy [5].

e It affects about 10% of the population and is associated
with a high risk of cardiovascular disorders, end-organ
damage, and all-cause mortality [12].

e Patients with resistant hypertension must be screened for
secondary causes with the help of lab investigations that
have been outlined above as per guidelines by the Inter-
national Society of Hypertension.

Hypertension in special populations
Isolated systolic hypertension

e In elderly patients, isolated systolic hypertension is the
predominant type that carries a significant cardiovascular
or cerebrovascular risks, leading to significant morbidity
and mortality [15].

e Approximately 60% of individuals above the age of
60 years have isolated systolic hypertension, and its prev-
alence is expected to rise substantially in the future [15].

Table 3 Types of hypertension with a blood pressure range [20]

e The incidence of isolated systolic hypertension is lower
among generalized adult age groups in India, with 5.1%
of men and 3.6% of women being diagnosed in North
India as per the findings of a community cross-sectional
survey conducted in the year 2010 [16]. However, iso-
lated diastolic hypertension has also been identified in
parts of rural India, which has a much higher prevalence
of 70%, according to another cross-sectional survey of
3148 adults [17].

e Overall, Asian populations have been identified to be at
a greater risk of systolic hypertension when compared
with Western counterparts putting, which increases the
risk of cardiovascular disorders, renal functional decline,
and mortality [18].

Gestational hypertension: In pregnant women, hyper-
tension with or without the diagnosis of preeclampsia is
termed gestational hypertension, which increases the risk
of maternal mortality and fetal abnormalities [19].

Refer to Table 3 for the diagnosis and blood pressure
range for various types of hypertension [20].

Other sub-types of hypertension
White coat hypertension

e White coat hypertension, also called isolated clinic
hypertension, is characterized by elevated office BP read-
ings but normal out-of-the-office values [1].

e Ambulatory blood pressure monitoring is recommended
for the diagnosis of white coat hypertension. Patients
with office BP values at least 20/10 mmHg higher when
compared with their ambulatory values are positive for
white coat hypertension [21].

e In Indian patients, the risk of white coat hypertension
is higher among younger populations compared to the
elderly [21].

Type of hypertension Description

Blood pressure range

Essential hypertension (most common type)
underlying disease

Secondary hypertension (second most com-
mon type)
problems)

Isolated systolic hypertension

Resistant hypertension

Chronic elevation in blood pressure with no

Chronic elevation in blood pressure due to
underlying pathology (mostly due to renal

Common in the elderly due to the loss of elas-
ticity of major arteries

When more than three different antihyper-
tensive agents are prescribed, including a

Both systolic and diastolic blood pressures are
elevated at more than 140/90 mmHg

Both systolic and diastolic blood pressure are
elevated at more than 140/90 mmHg

The systolic blood pressure is higher than
140 mmHg, while the diastolic blood pres-
sure is close to the normal range

Both systolic and diastolic blood pressures are
elevated at more than 140/90 mmHg

diuretic, and blood pressure remains elevated
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Masked hypertension

e Masked hypertension, or isolated ambulatory hyperten-
sion, refers to a state where the patient has normal office
readings but elevated out-of-the-office BP levels [5, 22].

e [t is diagnosed with the help of office blood pressure
monitoring and ambulatory monitoring.

e The risk of masked hypertension is not related to the age
group of patients in the Indian population.

e Overall, patients who are receiving appropriate treatment
for the management of hypertension are at a lower risk of
masked hypertension [23].

Refer to Table 4 for the diagnosis of masked and white
coat hypertension.

Global and Indian scenarios of hypertension

e Asper WHO, worldwide, about 1.13 billion people have
hypertension. Among them, two thirds are from low- and
middle-income countries (LMICs). The percentage of
adults having hypertension is higher in LMICs (31.5%)
than in high-income countries (28.5%) [24].

e A systemic analysis of population-based studies from
90 countries showed the age-standardized prevalence of
hypertension was slightly higher in men (31.9%) than in
women (30.1%) [25].

o As the Global Burden of Diseases 2016, 1.63 million
deaths in India were attributed to hypertension. This was
108% higher than in 1990 [26].

e The fourth National Family Health Survey reported
hypertension in 13.8% of men vs. 8.8% of women aged
15—49 and 15-54, respectively [26].

e In India, about 33% and 25% of urban and rural resi-
dents, respectively, are hypertensive. Among them, over
50-75% are unaware of their hypertensive state [27].

Prevalence of hypertension in patients
with diabetes

e The prevalence of hypertension is higher in patients with
diabetes mellitus (DM), with 50% of cases of hyperten-
sion also being diagnosed with type 2 diabetes mellitus
(T2DM) [28].

e This risk is marked in the elderly population, who are
at a greater risk of complications, including macro- and
microvascular diseases due to the co-existence of DM
and hypertension [29].

e In India, an increase in the coexistence of diabetes and
hypertension is being reported. Patients with diabetes

Table4 Criteria for the diagnosis of white coat hypertension and
masked hypertension in clinical practice [21]

e White-coat hypertension (isolated clinical hypertension)
O Untreated patients with elevated office BP > 140/90 mmHg and
24-h ambulatory BP < 130/80 mmHg and
Awake ambulatory BP <135/85 mmHg and
Sleep ambulatory BP < 120/70 mmHg
e Masked hypertension
O Untreated patients with office BP < 140/90 mmHg and
24-h ambulatory BP > 130/80 mmHg and/or
Awake ambulatory BP>135/85 mmHg and/or
Sleep ambulatory BP>120/70 mmHg

e Pseudo- or false-resistant hypertension because of the white-coat
effect

O Treated patients with elevated office BP > 140/90 mmHg and
24-h ambulatory BP < 130/80 mmHg and
Awake ambulatory BP < 135/85 mmHg and
Sleep ambulatory BP < 120/70 mmHg

e Masked uncontrolled hypertension

O Treated patients with office BP < 140/90 mmHg and
24-h ambulatory BP > 130/80 mmHg and/or
Awake ambulatory BP > 135/85 mmHg and/or
Sleep ambulatory BP > 120/70 mmHg

showed 1.5-2.0 times higher prevalence of hypertension
than those without diabetes [30].

Good blood pressure measurement and its
significance

Office blood pressure measurement

Blood pressure measurement in the office or clinic is a
standard diagnostic test for hypertension and follow-up. A
minimum of 2-3 office visits at 1-4-week intervals (depend-
ing on the BP level) is required to confirm the diagnosis of
hypertension. Diagnosis must be performed in the first visit
if BP is >180/110 mmHg with an evidence of cardiovascular
disease (CVD). Figure 1 shows recommendations for Office
BP measurement.

An automated oscillometric upper-arm cuff device (vali-
dated) is recommended for BP measurement. To measure
BP, the cuff bladder must be wrapped so that it covers 80%
of the arm circumference of the patient and 40% of the
width. Accurate positioning of the patient is most crucial
for precisely monitoring his/her BP levels. AHA recom-
mends measuring blood pressure while the patient sits
upright with legs uncrossed and arms supported. The cen-
tre of the cuff on the upper arm must be at the level of the
right atrium of the patient, which lies at the midpoint of the
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sternum. Chair positioning and pillows as support must be
made to achieve the desired level.

Ambulatory blood pressure and home BP
measurement

Ambulatory BP monitoring (ABPM) provides a 24-h
account of the patient’s state and is useful for diagnosing pri-
mary and secondary hypertension and differentiating it from
the white coat and masked subtypes [31]. ABPM is accurate
in predicting the risk of cardiovascular disease and mortality
[31]. BP level measurement using home or ambulatory BP
monitoring is recommended in patients with office BP clas-
sified as high-normal BP or grade 1 hypertension (systolic
130-159 mmHg and/or diastolic 85-99 mmHg) (Table 5).

Blood pressure monitoring in patients with diabetes

e ABPM is recommended for patients with DM and hyper-
tension to reduce the risk of post-treatment complications
and improve BP control [36]. In elderly patients, it is
recommended to opt for a standing position during blood
pressure monitoring [37].

e In a systematic review of 95 randomized control trials
(RCTs), it was stated that for patients with hypertension
and diabetes mellitus, the blood pressure target must be kept
close to 120 to 130 mmHg to reduce the risk of stroke [38].

Fig. 1 Recommendations for
office blood pressure measure-
ment [12]

Conditions

* Quiet room with comfortable temperature

* Before Measurements: Avoid smoking, Caffeine, and excercise for 30 min; empty
bladder, remain seated and relaxed for 3-5 min.

* Neither patient nor staff should talk before, during and between measurements.

e In a clinical trial of 244 subjects with uncontrolled SBP
and DM, it was found that home blood pressure monitor-
ing alleviated the risk of cardiovascular disorders due to
the reduction of BP by 9 mmHg and better control of BP
fluctuations during the day [39]. More than half of the
patients achieved better adjustment of antihypertensives
with the help of home blood pressure monitoring [39].

e As per the American Diabetes Association (ADA) rec-
ommendations, blood pressure must be monitored at
every office visit in patients with DM [40]. In patients
with elevated BP, multiple readings must be taken to
diagnose hypertension [36].

e [f automated devices are used during office measurement
of BP, the machine must be calibrated and validated regu-
larly. Generally, a 5- to 10-mmHg variation from a tradi-
tional sphygmomanometer is expected [36].

Digital mediums being used for blood pressure
measurement in India

Digital semiautomatic and fully automatic devices have
been introduced in India for ABPM [40]. While it has the
advantage of reducing the risk of human errors, especially
in busy clinics, there is a mistrust related to the use of
digital monitoring devices among the clinicians, primar-
ily because they are not formally validated and, thus, have
a range of error [40]. Population-based studies in India

Positions

« Sitting: Arm resting on table with mid-arm at heart level; back supported on chair;
legs uncrossed and feet flat on floor

Device

* Validated electronic (Oscillometric) upper-arm cuff device.

« Alternatively use a calibrated auscultatory device, (aneroid, or hybrid as mercury
sphygmomanometers are banned in most countries) with 1st Korotkoff sound for
systolic blood pressure and Sth for diastolic with a low deflation rate.

Cuff

* Size according to the individual's arm circumference (smaller cuff overestimates
and larger cuff underestimates blood pressure).

* For manual auscultatory devices the inflatable bladder of the cuff must cover 75%-
100% of the individual's arm circumference. For electronic devices use cuffs
according to device instructions.

Protocol

* At each visit take 3 measurements with 1 min between them. Calculate the average
of the last 2 measurements. If BP of first reading is <130/85 mmHg no further
measurements is required.

Interpretation

* Blood pressure of 2-3 office visits >140/90 mmHg indicated hypertension
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indicate that an aneroid sphygmomanometer must be pre-
ferred over digital devices since their readings are more like
a traditional mercury-based sphygmomanometer, the most
reliable device. However, digital mediums can be preferred
for home-based measurement for higher patient comfort,
which has a specificity of 80% and a sensitivity of 67.7% in
the Indian population [41].

Hypertension and diabetes: the relationship

A complex cause—effect relationship between hypertension
and diabetes involves obesity, visceral adiposity, and insu-
lin resistance as the probable main pathogenic factors [42]
(Fig. 1). Hypertension and diabetes are the consequence of
metabolic syndrome. Inflammatory markers such as C-reac-
tive protein are elevated in patients with DM or hyperten-
sion, indicating that both the conditions are associated with
low-grade inflammation and genetic factors such as single
nucleotide polymorphisms [43]. Insulin being a pleiotropic
hormone has a role in developing hypertension, diabetes,
and metabolic syndrome [44].

In patients with DM and hypertension, the risk of iso-
lated systolic hypertension is the highest due to autonomic
neuropathy (Fig. 2) [38]. They have a higher baseline heart
rate and are at an increased risk of cardiovascular disor-
ders (CVDs) [37]. Furthermore, nocturnal BP elevation is
not significant in these patients, but they face greater day
fluctuations [37].

The incidence of resistant hypertension (RH) is higher
among people with diabetes than in the general or hyper-
tensive population.

The peculiar presentation of hypertensive patients
with DM reflects the need for specific guidelines. Indian
guidelines need to be more comprehensive in terms of
patient education and consideration of dietary factors so
that the overall risk and burden of hypertensive disorders
is reduced in patients with DM. This objective is addressed

Fig.2 Relationship between
hypertension and diabetes

HYPERTENSION

—
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in present guideline, which provides recommendations
related to the use of various antihypertensive combinations
and treatments in patients with DM along with dietary and
lifestyle changes as well as the need for monitoring.

Hypertension-mediated/related conditions

Hypertension, diabetes, and cardiovascular
disorders

Hypertension is common among patients with diabetes
mellitus and so is the risk of cardiovascular complications
(Fig. 3). Hypertension alleviates the risk of atherosclerotic
cardiovascular disease (ASCVD), heart failure, and micro-
vascular complications. In subjects with diabetes, ACSVD
significantly increases the morbidity and mortality [36].

It has been observed that the management of hyper-
tension in patients with DM lowers the risk of ASCVD
events. With every 10 mmHg decrease in systolic BP, the
risk of complications of DM is reduced by 12%, and the
associated mortality is reduced by 15%. The risk of MI in
these patients is reduced by 11%, and microvascular com-
plications are reduced by 13% [46]. This states the sig-
nificance of good blood pressure management in patients
with DM, especially those at a high risk of cardiovascular
complications.

Hypertension-mediated organ damage

Undesired changes in the structure and function of arteries
or organs lead to hypertension-mediated organ damage, a
critical marker of cardiovascular (CV) disease. Higher inci-
dences of all-cause death and CV events including ischemic
heart disease, ischemic stroke, hemorrhagic stroke, car-
diac death, and major adverse cardiac and cerebrovascu-
lar events (MACCE) may be observed. Nephropathy is the

Microvascular
damage, TSNS, —
antihypertensive
drugs

Obesity Insulin resistance
PROS  PRAAS  PSNS
Altered renal Na handling :>

Altered immune response

Ainflammation
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Fig. 3 Diabetes and hyperten-
sion predispose to cardiovascu-
lar disease [45]

most common form of organ damage seen in hypertensive
patients. European Society of Cardiology guidelines for
hypertension recommend basic screening of HMOD in all
hypertensive patients [47].

Hypertension and chronic kidney disease

Hypertension is closely linked with chronic kidney disease
because a sustained state of elevated BP worsens kidney
function (Fig. 4) [48]. The pathophysiology of CKD and
hypertension is complex. A loss of kidney function worsens
blood pressure or vice versa.

Tight control of BP reduces the risk of chronic kidney
disease by attenuating the pathophysiological pathways that
contribute to eGFR progression and loss of kidney func-
tion [49]. Along with antihypertensive medications, dietary
management, including salt restriction, forms the mainstay

Fig.4 Pathophysiological rela-
tionship between hypertension
and chronic kidney disease [49]
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in the management of BP in CKD patients [50], which has
been discussed in the dietary recommendations made by
RSSDI ahead.

Proteinuria/microalbuminuria and end-organ
damage

e Microalbuminuria or proteinuria is a major risk factor
for renal disease progression, and it is also a powerful
marker of cardiovascular disease and all-cause mortal-
ity [51]. For early diagnosis and better management of
albuminuria with the help of sensitive tests such as albu-
min-to-creatinine ratio (UACR) is recommended for the
avoidance of these complications [52].

e UACR is the key to early diagnosis of chronic kid-
ney disease (CKD) in patients with diabetes mellitus
because the patient is generally asymptomatic at this
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stage, and their glomerular filtration rate (GFR) is also
close to normal [52].

e American Diabetes Association (ADA), Kidney Disease
Improving Global Outcomes (KDIGO), and US Kidney
Disease Outcomes Quality Initiative (KDOQI) recom-
mend at least annual screening for UACR in patients with
diabetes mellitus [52].

e Indian guidelines recommend that all patients with hyper-
tension must be screened for the presence of kidney dis-
ease at the time of their diagnosis and regularly thereafter
[53]. Along with UACR, serum creatinine measurement
and calculation of eGFR are also recommended [54].

e Urine protein-to-creatinine ratio (UPCR) is an accurate
method to quantify proteinuria for the diagnosis of preec-
lampsia (PE), the onset of hypertension accompanied by
significant proteinuria after 20 weeks of gestation [55].

Hypertension and coronary/peripheral artery
disease

Globally, peripheral arterial disease (PAD), coronary artery
disease (CAD), and cerebrovascular disease (CVD) are lead-
ing causes of morbidity and mortality [56]. Patients with
cerebrovascular complications, including ischemic and
hemorrhagic stroke, observed increased systolic hyperten-
sion more frequently. Post hoc analysis of the INternational
VErapamil-SR/Trandolapril STudy (INVEST) demonstrated
that among hypertensive CAD patients, concomitant PAD
indicates a worse prognosis for adverse cardiovascular out-
comes than CAD over a mean follow-up of 2.7 years [57].

Fig.5 Different stages of hyper-
tensive heart disease
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Hypertension-associated erectile dysfunction

Hypertension and erectile dysfunction (ED) are related
diseases with a common denominator, i.e. endothelial
dysfunction. Changes in the endothelium-derived factors
can lead to an increase in vascular smooth muscle (VSM)
contraction [58]. Hypertension induces vascular changes
that affect pudendal arteries and penile vasculature lead-
ing to reduced blood circulation to the penis [59]. High
blood pressure or antihypertensive treatment can also lead
to ED. Antihypertensive drugs like diuretics, beta-block-
ers, and centrally acting agents negatively affect erectile
function. At the same time, calcium antagonists and ACE
inhibitors are neutral [60].

Hypertension and heart failure

There is a direct correlation between increased blood pres-
sure and the risk of developing heart failure. Patients with
blood pressure greater than or equal to 160/100 mmHg have
a doubled risk of heart failure than those with blood pressure
less than 140/90 mmHg [61]. High blood pressure can also
lead to high prevalence of atrial fibrillation [62], ventricular
arrhythmias [63], and a sixfold greater risk of myocardial
infarction [64], and subsequent heart failure with reduced
ejection fraction (HFrEF). High BP increases the left ven-
tricular (LV) afterload and peripheral vascular resistance,
which causes diastolic dysfunction followed by concentric
or eccentric LV hypertrophy (Fig. 5) [65].
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Hypertensive retinopathy

Choroidopathy, retinopathy, and optic neuropathy are hyper-
tension-related ocular diseases [66]. Hypertensive retinopa-
thy occurs because the retinal vessels are damaged due to ele-
vated blood pressure. Angiotensin-converting enzyme allele
deletion increases the risk of hypertensive retinopathy [67].
Higher plasma leptin level was reported to be associated with
hypertensive retinopathy and vascular endothelium damage
[68]. A study showed that serum uric acid (SUA) concentra-
tion and hypertensive retinopathy are significantly associated.
For every 1 mg/dL increase in SUA, there was a significant
6% higher probability of hypertensive retinopathy [69].

Communities study of atherosclerosis risk showed that
the incidence of stroke was two- to fourfold higher in
patients with moderate hypertensive retinopathy, independ-
ent long-term hypertension, cigarette smoking, and dyslipi-
demia [70].

Long-term effects of hypertension

Patient with hypertension having abnormal BP is at high risk
of transient ischemic attack (TIA) [71]. Not only first TIA,
but hypertension is also a risk factor for recurrent TIA and
stroke. A study in TIA patients (N=1707) showed that 58%
of patients had a history hypertension while 75% of them
had SBP > 140 mmHg following the onset of TIA [72, 73].

Normotensive people after stroke can have high blood
pressure—acute hypertensive response perhaps due to auto-
nomic nervous system dysfunction and/or abnormal cerebro-
vascular reactivity [74].

Table 6 Summary of office blood pressure thresholds for treatment [32]

Hypertension might increase the risk of Alzheimer’s
disease (AD). The pathology linking hypertension to Alz-
heimer’s disease is intracranial atherosclerosis, possibly
limiting cerebral blood flow and/or dampening perivascular
clearance [75]. A cross-sectional study in < 60 years of age
group individuals showed all-cause dementia, mixed Alz-
heimer’s/vascular dementia, and Alzheimer’s disease with
elevated SBP and those on antihypertensive medication [76].

For all the above disease situations, recommended BP
thresholds for treatment are shown in Table 6.

Hypertension: risk factors

Several factors predisposing hypertension vary from coun-
try to country and between urban and rural region of same
place. An Indian community-based cross-sectional study
reported tobacco and alcohol consumption, overweight, obe-
sity, and abdominal obesity as risk factors associated with
HTN [78]. Old age and physical inactivity are independent
risk factors for hypertension. Different epidemiologic and
clinical studies showed sleep-related breathing disorders
(SRBD) (obstructive sleep apnea (OSA) and habitual snor-
ing) as independent risk factors for essential hypertension
[79].

Table 7 [80] shows the cardiovascular risk assessment
based on risk factors. Patient with grade 1 hypertension can
be at low risk to high risk depending upon risk factors. Men
above 50 years, non-smoking, and non-obese with grade 1
HTN may be at low risk, whereas smoking men are at mod-
erately to higher risk of HTN. Diabetic patients irrespective
of other factors are at high risk of HTN.

Age group Office SBP treatment threshold (mmHg) Office DBP
treatment
threshold

(mmHg
Hypertension | +diabetes | +CKD | +CAD | +Stroke/TIA

18-65years >140 >140 >140 | =140 >140 >90

65-79 years >140 >140 >140 | >140 >140 >90

>80 years >160* >160 >160 | >160 >160 >90

Office DBP >90 >90 >90 >90 >90

treatment
threshold
(mmHg

*As per NICE guideline (2019) > 150 mmHg [77]
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Table 7 Assessment of cardiovascular risk in patients with hypertension based on the number of risk factors

BP (mmHg) grading

Hypertension Other riskfactors,
di tagi .
L HMOD; or disease High normal Grade 1 Grade 2 Grade 3
SBP 130-139 | SBP 140-159 | SBP 160-179 | SBP > 180
DBP 85-89 DBP 90-99 DBP 100-109 | DBP > 110
No other risk factor Low risk Low risk Moderate risk [sITd B30

1 or 2 risk factors

Stage 1
(uncomplicated)
> 3 risk factors
HMOD, CKD
Stage 2 grade 3, or diabetes
(asymptomatic disease)| mellitus without organ
damage
Established CVD,
Stage 3 CKD grade >4, or
(Established disease) diabetes mellitus
with organ damage
Methodology

The RSSDI guidelines for the management of hypertension
in diabetics have been formulated in consultation with expert
endocrinologists and diabetologists in India and Southeast
Asia for making recommendations for the management of
hypertension, along with strategies to reduce the risks for
HMOD and cardiovascular complications. These recommen-
dations were supported by literature evidence and clinical
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overview obtained from existing Indian and international
guidelines. Literature evidence included data and recom-
mendations from Indian, international, and South Asian
journals, gathered based on extensive literature research, pri-
marily conducted in PubMed and Cochrane libraries. After
a thorough quality assessment, published RCTs, system-
atic reviews, meta-analysis papers, cross-sectional studies,
cohort studies, and expert opinion papers were considered
and included. The first draft having recommendations was
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prepared and circulated among RSSDI panellists to gather ~ hypertension to reduce the risk of metabolic syndrome com-
suggestions for improvements. All the authors provided writ-  plications [81].

ten recommendations for improvements in each section fol-

lowing the rigorous review of the document based on their o

expertise in the field (Tables 8 and 9). The draft was revised
to address the identified gaps and was sent out to the authors
for further review and feedback. Since all the expert authors
approved the recommendations made in the second draft, it
was finalized and sent out for publication.

Management/treatment .

RSSDI recommendations for the management
of hypertension in patients with diabetes mellitus

Summary of evidence

Dietary and lifestyle recommendations A nutrition educa-
tion program is recommended for patients with DM and

Table 8 Levels of recommendation based on the type of literature evidence

In the RCT of 51 participants, it was found that the knowl-
edge of food portion control for weight reduction, educa-
tion about healthier food choices, individualized meal plan-
ning, understanding of the glycemic index and glycemic
loads of different food items and their importance in blood
glucose control, recognition of the food pyramid, and its
use in meal planning for BP control assisted in the improve-
ment of metabolic factors in patients with DM [81].

In a systematic review of 198 studies for BP manage-
ment in diabetic patients in low- and middle-income
countries, it was stated that self-management and con-
trol through patient education are crucial for managing
CVD risk factors [82]. Nutritional interventions that
facilitate glycaemic and blood pressure control are rec-
ommended [81, 82].

In the RCT of 40 patients with DM and hypertension,
it was noted that Dietary Approaches to Stop Hyperten-
sion (DASH) diet and increased walking duration helped
reduce ABPM values [83]. This dietary plan promotes

Level Type of evidence

1 Systematic review (with homogeneity) of RCTs OR RCTs with a large sample size depicting significant results

1I Systematic review (with homogeneity) of cohort studies OR small-scale RCTs with unclear results OR consistent recommendations from
multiple consensus guidelines (more than 2 national/international guidelines) OR randomized observational studies

111 Individual cohort studies or clinical studies without randomization OR “outcomes” research OR cross-sectional studies OR evidence

gathered from existing consensus guidelines

v Systematic review (with homogeneity) of case—control studies OR individual case—control studies OR guidelines with improper evi-

dence/lack of consensus OR retrospective analysis of patient data

v Case series OR independent case study observations OR expert opinion without explicit critical appraisal based on standard principles or

narrative reviews or literature reviews without systematic analysis

Table 9 Grades of recommendation for guiding practice implications for the physicians

Grade Descriptor Quantifying evidence

Implications for practice

A Strong recommendation Level I evidence with consistent findings from multi- ~ Clinicians should follow grade A recommendations

ple studies of levels II, III, and IV

unless a clear and compelling rationale for an alter-
native approach is defined

B Recommendation Levels II, I1I, and IV evidence with consistent find- Clinicians should follow grade B recommendation

ings but lack of level I evidence

while remaining alert to newly published evidence
and sensitive to patient preferences

C Option Levels II, III, and IV evidence with inconsistent While considering grade C evidence for individual

findings

practice, clinicians should be flexible in their deci-
sion-making approach, patient preferences and peer
opinions should have a substantial influencing role

D Option Level V evidence: little or no systematic empirical For grade D evidence, the physician must consider

evidence

all options in their decision making and be alert to
newly published evidence that clarifies the benefit
versus harm of the selected approach; patient prefer-
ence should have a substantial influencing role
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higher consumption of whole grains, fat-free or low-
fat dairy products, fruits, vegetables, poultry, fish, and
nuts, along with reduced intake of saturated fat, total fat,
cholesterol, and sodium and high intake of potassium,
calcium, magnesium, fibre, and protein [79, 84]. DASH
diet, in consideration of the taste preferences of Indian
patients, is recommended for hypertensive control in
DM patients.

e For the prevention of CVDs in patients with DM and
hypertension, it is recommended that physicians must
work closely with the patients to identify potential bar-
riers and support them in reaching their target BP and
HbA Ic goals [84].

e Regular exercise or walking is recommended along
with dietary control in patients with hypertension and
DM [83, 85]. In the RCT of 94 Indian participants,
it was affirmed that physical activity had a greater
impact on BP control when compared with dietary
salt restriction [86]. Therefore, brisk walking for 50 to
60 min, three to four times a week was recommended
for effective BP management [86]. Yoga and salt
restriction were also effective for Indian patients but
had a lower impact than physical activity [86]. Alcohol
intake was to be decreased or avoided [54]. Smoking
cessation should be advised to all patients. Cessation
therapies should be provided for patients who wish to
quit smoking [54]. Combining these approaches would
achieve maximal benefits for patients with co-existing
disease [86].

e Worksite interventions are effective for reducing SBP,
diastolic blood pressure (DBP), and blood glucose lev-
els in obese Asian subjects at risk of metabolic condi-
tions [87]. These interventions must be planned in the
form of multidisciplinary sessions by including physi-
cians, nutritionists, and physical trainers to guide the
patient [87].

Recommendations

e Pharmacological therapy with lifestyle modifications should be
initiated in patients with confirmed office-based BP > 140/90 mmHg

o A target value of 120 to 130 mmHg must be achieved in patients
with co-existing DM and hypertension through a combination of
dietary and lifestyle interventions, including a low sodium diet,
plenty of fresh fruits, vegetables, and whole grains along with regu-
lar physical activity (grade A)

o Brisk walking as a physical form of activity, having sessions for
50-60 min three to four times a week, is more effective than dietary
salt restriction and yoga and must be recommended in patients
(grade B)

o Nutrition education about the role of diet and knowledge of healthy
food choices is crucial for self-management of BP in diabetic
patients (grade A)
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Overview of treatment options for the management of
hypertension in patients with diabetes mellitus

e [Initial treatment for diabetes depends on the sever-
ity of hypertension with a regimen that includes cal-
cium channel blockers (CCBs), angiotensin II receptor
blocker (ARB)/ACE inhibitors, and diuretics, beta-
blockers for compelling indications [54]. Real-world
studies consider ACE inhibitors or ARBs as the first-
line treatment agents for diabetic hypertensive patients
depending on their treatment response and tolerance
profiles [88].

e Clinical evidence suggests that single-pill combination
(SPC) containing two or more antihypertensive agents
(with complementary MOA) offers potential advantages
over free drug combinations [89].

e Thiazides may also be used for the first-line treatment,
but these must be administered alongside ACEi or ARBs
[90].

e The drug’s clinical effects must be evaluated before
the selection of any treatment agents, particularly
ARBs [91]. The selection of treatment agents must
be based on the patient’s profile, especially in those at
the risk of end organ damage due to multiple comor-
bidities [91].

Antihypertensive drug therapy for the management of
hypertension in diabetic patients

1. Blockers of the renin—angiotensin—aldosterone system
(RAAS): angiotensin-converting enzyme inhibitors
(ACEi) and angiotensin receptor blockers (ARBs)

e ARBs and ACEi are the most widely used antihy-
pertensive drugs because of their similar effects on
cardiovascular outcomes.

e ARBs help in reducing the cardiovascular and cer-
ebrovascular risks and renal complications, hence
minimizing the morbidity and mortality risks in
patients with hypertension [92].

e ARBs are safer, tolerant, and more efficacious than
ACE:i for BP control [89, 92, 93]. In the RCT of 1600
patients, telmisartan facilitated greater BP reduction
than ramipril [92]. ARBs have been found to have
maximal reno-protective effects when compared
with other classes of drugs [26]. The risk towards
side effects is also lower with these agents compared
with ACEi that induce cough [89]. Therapy having
a combination of an ARB and an ACE inhibitor is
not recommended as it is associated with an excess
of adverse renal events [93].
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ARBs are administered in combination with other
agents such as calcium channel blockers (CCBs) or
thiazide diuretics to reduce the risk of CVDs and
renal disorders in patients with DM [89, 93].

In diabetic hypertensive patients, telmisartan and
losartan are the most effective choice of ARBs to
reduce cardiovascular risk factors [91]. Telmisartan
must be selected as the first-line ARB agent in dia-
betic patients because of its beneficial impacts on
fasting blood glucose and insulin levels [91]. In those
at a higher risk of stroke, losartan must be preferred,
whereas telmisartan is recommended in patients hav-
ing a history of atrial fibrillation [91].

German registry “EARLY” reported that a signifi-
cantly greater proportion of patients in the azil-
sartan group achieved the target blood pressure
of < 140/90 mmHg compared to ACEi [94].

In RCT of 204 Indian patients, it was found that the
efficacy and safety of azilsartan are like telmisar-
tan. Thus, it can be selected as an alternative drug in
patients based on its availability [92].

ACEi may be preferred as first-line treatment agents
in patients with diabetic hypertension as an alter-
native to ARBs [95]. Both these agents effectively
reduce the risk of CVDs in high-risk patients,
although ARBs are more efficacious [92-96].

Both ARBs and ACEFi effectively reduce the risk of
end-stage renal disease [97].

Azilsartan is a suitable agent for antihypertensive
therapy in CKD patients. A 20-mg dose of azilsartan
has demonstrated potent antiproteinuric effects com-
pared with other agents such as candesartan [98].
An 80-mg dose is effective for controlling SBP and
DBP in office and ambulatory settings [99]. Azilsar-
tan improved diastolic function of the left ventricle
in patients with heart failure with preserved ejection
fraction (HFpEF) [100].

While ACEi also achieved this clinical benefit, a more
beneficial impact was observed with ARBs [101].

A single-centre study including 133 hypertensive
subjects diagnosed with COVID-19 infection showed
a lower rate of admission to semi-intensive/intensive
care units when patients were treated with RAAS
inhibitor (32% using ARBs and 30% using ACEi)
[102]. Suppose target blood pressure values are not
achieved with either of the therapies. In that case,
the addition of a thiazide diuretic is indicated as a
second-line agent [95].

A meta-analysis containing 7 studies compared
ACEi/ARB alone and in combination therapy with
sodium—glucose cotransporter 2 (SGLT?2) inhibitors
in T2DM patients. The analysis reported that combi-
nation therapy with SGLT?2 inhibitors could achieve

better control of blood pressure and estimated glo-
merular filtration rate (eGFR) [103].

Beta-blockers

e Beta-blockers are used for the initial management of
BP in diabetic patients in cases with a previous his-
tory of CVDs such as myocardial infarction, heart
failure, coronary artery disease, or stable angina [95].

e Beta-blockers and CCBs are not used independently.
They are only indicated as a part of combination ther-
apy with ARBs or ACEFi in patients with DM [95].

e Recent clinical trial showed that the use of beta-
blockers increases the risk of cardiovascular events
in patients with DM due to the promotion of a hypo-
glycemic state. Hence, its use is not recommended
in patients with co-existing DM and hypertension
unless absolutely indicated [104].

e Beta-blockers are combined with other classes of
antihypertensive drugs for treating hypertension in
specific situations like heart rate control, sympto-
matic angina, post-myocardial infarction, HFrEF,
and as an alternative to RAAS in young hypertensive
women with a pregnancy plan or of child-bearing
potential [105].

Calcium channel blockers

e Several RCTs have confirmed that CCBs can reduce
cardiovascular morbidity and mortality.

e CCBs are potent, first-line blood pressure-lowering
drugs with minimal contraindications [106].

e A meta-analysis including 147 RCTs involving 464,164
participants confirmed a significant reduction in risk of
coronary events (20-25%) and stroke (30-45%) with
all the five BP lowering agents. CCBs had a more pro-
nounced preventive effect on stroke [107].

e CCBs can be used alongside ARBs as a part of com-
bination therapy for the management of hypertension
in diabetic patients.

e The vasodilatory effect of CCBs on vascular smooth
muscle cells is attributed to their inhibitory effect
on calcium entry through L-type calcium channels.
Recently, novel CCBs are preferred due to their
added pleiotropic benefits above their antihyperten-
sive action. Certain CCBs block the activity on N-
and L-type calcium channels and hence show addi-
tional benefits of lowering cardiovascular events and
renal injury [106].
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The role of the novel CCB — cilnidipine in diabetic

hypertension:

Cilnidipine is a novel and unique dihydropyridine cal-
cium channel blocker that has inhibitory actions on both
L-type and N-type calcium channels. Intracellular Ca>*
overload is associated with atrial fibrillation. Cilnidipine
restricts this overload and activates eNOS which regu-
lates cardiac function [108].

CCBs are used alongside ARBs as a part of combination
therapy for the management of hypertension in diabetic
patients.

As per a prospective observational trial, single-pill
combination treatment with ARB plus cilnidipine helps
in reducing morning home systolic blood pressure
(MHSBP), in elderly patients [109].

e Cilnidipine is preferred in hypertensive patients with DM
because it improves insulin sensitivity through its vasodila-
tor effects [110]. Besides its antihypertensive effect, cilnidi-
pine has improved insulin sensitivity along with various
reno-protective and cardioprotective benefits, thus making
it the choice of DHP-CCB in hypertension with DM [111].
Refer to Fig. 6 for the mechanism of action of cilnidipine.

e Amlodipine and cilnidipine are equally efficacious in
reducing blood pressure; however, the incidences of
pedal edema are lower with cilnidipine associated than
amlodipine [112].

e When administered at a dosage of 5-20 mg/day, based

on the patient’s clinical profile, cilnidipine facilitates BP

reduction and helps reduce heart rate and serum triglyc-
eride levels in Indian patients, suggestive of cardiopro-

tective benefit [113].

¢ Independent of blood pressure reduction, 8-week treat-
ment with cilnidipine 5-10 mg/day improved left-ven-
tricular systolic function [114].

¢ Cilnidipine is more tolerable in Indian patients and must
be preferred in those with proteinuria or pedal edema
[115, 116].

Thus, cilnidipine should be the preferred CCB in diabetic
hypertensives due to its reno-protective and cardioprotec-
tive benefits and better safety and tolerability profile (pedal
edema) over other CCBs.

4. Diuretics

e Low-dose thiazides have demonstrated their suc-
cess in mild to moderate cases of hypertension, but
its function is depleted if the sodium intake of the
patient is above 8 g/day, indicating the relevance of
dietary salt restriction and its use [118].

e Low doses, i.e. 12.5 to 25 mg/day of chlorthalidone
or hydrochlorothiazide, or 1.25 mg/day of indapa-
mide, minimize metabolic complications and their
antihypertensive effects [119].

e Hydrochlorothiazide lowers pulse pressure by 4 to
6 mmHg due to the greater effect on systolic than on
diastolic blood pressure [120].

e Thiazide-like diuretics such as chlorthalidone
demonstrated superior blood pressure reduction in
patients with resistant hypertension [121, 122].

e Diuretics such as hydrochlorothiazide are not rec-
ommended in patients with diabetic hypertension

Fig.6 Mechanism of action of
cilnidipine in the lowering of
blood pressure in hypertensive
patients [117]
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Table 10 Guideline comparison for hypertension treatment [129]

Guideline Population Goal BP mmHg Initial management
2014 hypertension guideline Diabetes < 140/90 ACEi, ARB or CCB, thiazide-type
diuretics
CKD < 140/90 ACEi or ARB
ESH/ESC 2013 Diabetes < 140/85 ACEi or ARB
CKD no proteinuria < 140/90
CKD + proteinuria <130/90
CHEP 2013 Diabetes <130/80 ACE:i or ARB with additional CVD
risk, ACEi, ARB, thiazide
CKD < 140/90 ACEi or ARB
ADA 2013 Diabetes < 140/80 ACEi or ARB
ESC/ESH 2018 CAD, CKD, diabetes <140/90 ACE:i or ARB + CCB or diuretic-
dual combination for CAD)
ACEi/ARB + CCB OR ACEi/
ARB +diuretic (or loop diuretic-
dual combination for CKD)
ACEi/ARB + CCB/diuretic-dual
combination for diabetes
ISH 2020 CKD < 130/80 mmHg (< 140/80 in RAS inhibitors as first line; CCBs
elderly patients) and diuretics can be added
KDIGO 2012 CKD no proteinuria <140/90 ACEi or ARB
CKD + proteinuria <130/80
KDIGO 2021 RRT (CKD GIT-G5T) <130/80 CCB or ARB

because of its potential to elevate fasting blood glu-
cose and HbA1c levels [123].

A systematic review of 26 RCTs indicated that low
doses of thiazide might avoid glycemic changes [124].
However, the strength of this finding is low since evi-
dence against low-dose hydrochlorothiazide has been
stated by another meta-analysis of 368 studies [125].
While diuretics are not commonly used to man-
age hypertension in patients with DM, their use is

indicated in certain specialized cases [126], such as
elderly patients with existing CVDs [118].

In a crossover trial, the use of potassium-sparing diuret-
ics such as spironolactone reduced BP by —8.7 mmHg
for reaching the target levels in patients with resistant
hypertension, compared to other two treatments, i.e.
doxazosin and bisoprolol [127].

A low dose of spironolactone is recommended in
those whose serum potassium is <4.5 mmol/L and

Table 11 Major drug combinations with efficacy results

Combination

Type of patients

% Change in relative risk

Two RAS blockers/ACE inhibitor 1 ARB or

High-risk diabetic patients

RAS blocker 1 renin inhibitor [131]

ACE inhibitor and diuretic

ARB and diuretic
CCB and diuretic
ACE inhibitor and CCB

Beta-blocker and diuretic

ARB and CCB

Stroke or TIA [132]

Diabetes [133]

Hypertensive; > 80 years [134]
Hypertensive; > 70 years [135]
Hypertensive [136]

Older with isolated systolic hyperten-
sion (ISH) [137]

Older with ISH [138]
Older hypertensive [139]
Older with ISH [140]
Hypertensive [141]

More renal events

—28% strokes (p<0.001)

— 9% micro-/macrovascular events (p =0.04)
—34% CV events (p<0.001)

—28% non-fatal strokes (p =0.04)

—27% CV events (p<0.001)

—37% CV events (p <0.004)

—36% strokes (p<0.001)
—40% CV events (p=0.003)
14% reduction in BP

Lower incidences of CV events (risk ratio [RR],
0.80; 95% confidence interval [CI], 0.70-0.91;
p<.001)
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eGFR is>45 mL/min/1.73 m? to achieve BP targets
[127, 128].

Guideline comparison of blood pressure goals and rec-
ommended drug options in different populations has been
mentioned in Table 10.

5. Combination therapies

e Drug combinations including ARB plus cilnidipine
or ARB plus hydrochlorothiazide effectively reduce
nocturnal BP fluctuations [125]. However, due to the
risk of glycemic variability, ARB plus cilnidipine
must be considered even in patients with nighttime
BP fluctuations, rarer in patients with co-existing
diabetes and hypertension [123-125].

e A combination of ARB and CCB must also be pre-
ferred over beta-blockers because of the potential
of the latter to cause adverse cardiovascular events
(Table 11) [105].

Safety considerations for hypertensive management in dia-
betic patients

e When treatment agents such as blockers of the renin—
angiotensin—aldosterone system (RAAS) are being used
to manage BP in patients with DM, close monitoring of
kidney functions and the levels of electrolytes are recom-
mended [38].

¢ Frequent monitoring of potassium and creatinine is rec-
ommended in patients treated with aldosterone antago-
nists, such as spironolactone. Monitoring of serum potas-
sium levels in patients on combination therapy is stated
to reduce the risk of hyperkalemia [38].

e An observational study in diabetes patients concluded
that CCB, when added to ACEi/ARBsS, is associated with
reno-protective and cardioprotective outcomes compared
to thiazide diuretics [130].

Recommendations: which treatment therapy to use and when

o Individual profile of the patient and their response to the treatment
must be evaluated for the selection of the most suitable treatment
agent for hypertensive management (grade A)

o ARBsS, either alone or in combination with CCBs, can be used for
BP control in diabetic patients (grade A)

e Combination therapy of ARB and CCB is recommended to be initi-
ated in hypertensive patients for better BP control, reducing risks of
complications, and better patient adherence (grade B)
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o ARBs must be preferred over ACEi in diabetic patients with hyper-
tension, telmisartan or azilsartan being selected as the first-line
agent (grade B)

e In patients at the risk of CVDs, renal disorders, or cerebrovascular
disorders, combination therapy must be preferred for the reduction
of patient mortality (grade B)

e Calcium channel blockers must be preferred over beta-blockers
and thiazides in combination therapy with ARBs. Cilnidipine is a
comparatively more effective and safer novel molecule as compared
to conventional CCBs for Indian diabetic hypertensive patients
(grade A)

o The use of beta-blockers and thiazide diuretics must be avoided
in patients with DM and hypertension because of their potential
to cause cardiovascular events and hyperglycaemia, respectively
(grade A)

e Monitoring of electrolyte levels, serum potassium, and creatinine
levels, as well as regular evaluation of kidney function, is recom-
mended for patients with diabetic hypertension based on the choice
of treatment agents and their risk profile (grade B)

Data on the global approvals of molecules of each class For
the selection of the treatment agent necessary on the individ-
ual clinical profile of the patient, it is essential to understand
the treatment indications of various FDA-approved drug
labels, which have been summarized in Tables 11 and 12.

Management of hypertension in patients with CKD

e In patients at the risk of CKD, it is recommended to main-
tain blood pressure values below 130/80 mmHg for renal
and cardioprotection in patients under 60 years [52].

e National Institute for Health 2014 and Care Excellence
guideline recommends a goal blood pressure of < 140/90
in a patient with CKD while < 130/80 mmHg in patients
with an albumin creatinine ratio of > 70 mg/mmol [146].

e 2012 KDIGO guideline recommendation for blood pres-
sure goals in diabetic and non-diabetic patients with non-
dialysis dependent CKD is mentioned in Fig. 7 [147].

Combination therapy is mostly recommended for
achieving these target BP levels in these patients [115].
It is useful for managing patients who are unresponsive
to the use of a single drug agent [148].

e SPC with cilnidipine (10 mg) and ARB (80 mg) was
seen to be effective in reducing BP values in patients
with sympathetic hyperactivity [39]. Control of sympa-
thetic activity is one of the treatment goals in hyperten-
sive patients with DM and CKD to reduce cardiovascular
risks. This SPC was also effective in reducing diurnal
and nocturnal blood pressure fluctuations in patients with
DM. Thus, SPCs are recommended [109, 125]. Cilnidi-
pine has been clinically proven effective for morning
hypertension and white-coat hypertension, closely asso-
ciated with sympathetic overdrive.
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Table 12 FDA- and DCGl-approved drug labels for hypertension management in diabetic patients

Indications

FDA-approved drug

Telmisartan

Azilsartan
Olmesartan

Captopril

DGCl-approved drug [145]
Cilnidipine tabs. 5 mg, 10 mg

Amlodipine besylate IP Eq. to amlodipine
10 mg +indapamide SR 1.5 mg tablet

Combination drug containing -

Cilnidipine:10 mg

Olmesartan medoxomil IP (20 mg/40 mg)

For hypertensive management in patients with CVD risk factors and diabetes patients with end-
organ damage [142]

In patients with DM and hypertension for BP control [93]

Management of hypertension in diabetic patients with other comorbidities such as chronic kidney
disease, cerebrovascular events, heart failure, and ischaemic heart disease [143]

Management of hypertension in patients with impaired renal function, presence of diabetic
nephropathy, myocardial infarction, and left ventricular dysfunction [144]

For treatment of mild to moderate hypertension

For the treatment of mild to moderate hypertension

For the treatment of essential hypertension

Chlorthalidone IP (12.5 mg)

Combination drug containing -

Losartan potassium IP (50 mg)
Amlodipine besylate IP

Eq. to amlodipine (5§ mg)
Hydrochlorothiazide IP (12 mg)

Combination drug containing -

Olmesartan medoxomil (20 mg)
Amlodipine besylate (5 mg)

Combination drug containing -

Olmesartan medoxomil (20 mg)
Ramipril (5§ mg)

For the treatment of hypertension in patients who are not managed with the help of dual therapy

For mild to moderate hypertension

For treatment of essential hypertension

Fig.7 2012 KDIGO guidelines
on the management of hyperten-
sion in diabetic/non-diabetic

CKD patients

Non-dialysis
dependent
CKD patients

Due to its N-type calcium channel blockade and unique
sympatholytic activity, cilnidipine offers cardiovascular
benefits apart from its antihypertensive action. In a study
involving hypertensive patients (n=2920), treatment with
cilnidipine and angiotensin receptor blocker showed sig-
nificant reductions in heart rate, particularly in those with
a higher baseline heart rate [149] (Tables 13 and 14).

In patients with microalbuminuria/proteinuria, treatment
with cilnidipine is recommended when CCBs are used

Diabetic | |

Urine albumin excretion: Use antihypertensive drugs
<30 mg/24 h or equivalent’ to maintainBPat<140/90
Office BP: > 140/90 mmHg mmHg

Non-
diabetic

Use antihypertensive drugs
to maintainBPat <130/80

—)

Urine albumin excretion: 30-
300 mg/24 hor equivalent*
Office BP: > 130/80 mmHg

(== ; ) Use antihypertensive drugs
UBTCON GG to maintainBPat <130/50
=300 mg/24 h or equivalent® mmHg =
Office BP: > 130/80 mmHg

in combination therapy [150, 151]. Compared to other
drugs, such as amlodipine, cilnidipine facilitates UACR
reduction and helps in decreasing albumin excretion in
hypertensive patients [149, 150]. It is a preferred agent in
patients with proteinuria, sympathetic overactivity, and
pedal edema. It is a better treatment agent than amlodi-
pine for hypertensive patients [109, 150].

In a clinical trial of 50 patients with diabetic nephropa-
thy, it was found that 12-week treatment with cilnidipine
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Table 13 Indications of individual drug classes based on guidelines and clinical studies [6]

Compelling indication* Recommended drugs”

Clinical trials basis®

Diuretic BB ACEI ARB CCB ALDO ANT

Heart failure | H BN | |
Postmyocardial infraction E N " mn =m
High coronary disease risk M H N |
Diabetes | H BN | |
Chronic kidney disease [ ] [ ] w
Recurrent stroke prevention H | | ¥

ACC/AHA Heart failure Guidelines, MERIT-HF, COPER-
NICUS, CIBIS, SOLVD, AIRE, TRACE, ValHEFT,
RALES

ACC/AHA Post-MI Guideline, BHAT, SAVE, Capricorn,
EPHESUS

ALLHAT, HOPE, ANBP,, LIFE, CONVINCE
NKF-ADA, Guideline, UKPDS, ALLHAT

KDIGO 2021, NKF Guideline, Captopril Trial, RENAAL,
IDNT, REIN, AASK

PROGRESS

!Option for patients without heart failure or impaired LV function in patients with contraindications to beta-blockers (Danish Verapamil Infarc-

tion Trial [I-DAVIT)[153]
2If ACEi not tolerated

3First-line antihypertensive agent in adult kidney transplant recipients

A meta-analysis of 13 studies with 1789 subjects randomized to CCBs

“Compelling indications for antihypertensive drugs are based on benefits from outcome studies or existing clinical guidelines; the compelling

indication is managed in parallel with the BP

"Drug abbreviations: ACEI angiotensin-converting enzyme inhibitor, BB beta-blockers, ARB angiotensin receptor blocker, Aldo ANT aldosterone

antagonist, CCB calcium channel blocker

#Conditions for which clinical trials demonstrate the benefit of specific classes of antihypertensive drugs

led to a significant reduction in estimated GFR values
and serum creatinine levels [125]. Six months of treat-
ment with the drug helped significantly control albumin
excretion [150, 151].

e Thiazide diuretics can be used if GFR is greater than or equal
to 40 mL per minute per 1.73 m?, while loop diuretics are
used in GFR <40 to 50 mL per minute per 1.73 m? [115].

e A combination of ACEi and ARBs reduces urinary albu-
min excretion compared to monotherapy; however, they
are associated with a further risk to the kidney and hence
are not recommended [152].

Oral antidiabetic agents that exert reno-protection:

e Combining SGLT2 with ACEi+ ARB inhibitor reduced
composite kidney outcome (CKO) among T2DM patients
with CKD [161].

¢ Evidence suggests that DPP-4 inhibitors and SGLT2 inhibi-
tors exert reno-protective effects in patients with diabetes.

Management of resistant hypertension

e Early diagnosis of resistant hypertension with the help
of ABPM is recommended to avoid end-organ damage
in patients [32, 126].

e [Initial treatment with ARBs along with CCBs is recom-
mended [126]. In patients with resistant hypertension,
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additional treatment agents such as diuretics are recom-
mended since patients may be unresponsive to standard
combination therapies [5, 126]. Refer to Fig. 8 for treat-
ment selection and management in patients with resistant
hypertension.

Novel concepts in hypertension and future
treatment molecules

e Growing significance of central aortic blood pressure:

In the pathogenesis of cardiovascular disease, central
(aortic and carotid) pressures are gaining more relevance
than peripheral pressures. The left ventricle encounters the
aortic systolic pressure during systole (afterload), while the
aortic pressure during diastole determines coronary perfu-
sion. Ideally, central aortic pressures should be measured
directly using invasive devices, but there are numerous
methods available currently to derive the central pressures
by analysing the applanated radial and carotid pulses or
carotid distension waves. Higher augmentation index (AI)
is linked with coronary artery disease (CAD).

Central pressure correlates with cardiovascular risk in
apparently healthy subjects as well. Carotid systolic BP is
an independent determinant of left-ventricular wall thick-
ness, and late systolic augmentation of the central pressure
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Fig.8 Therapeutic approach in

resistant hypertension [162] ThEtiet

First 3 drugs

Fourth drugs
* Spironolactone

* Appropriate lifestyle change — weight loss, physical activity and reduced salt intake
* Antihypertensive treatment — adequate combination from different classes of drugs

* Diuretics : volume retention
* Thiazides : chlorthalidone preferentially, also hydrochlorothiazide or indapamide
* Loop diuretics: creatinine clearance <30ml/min
* 2 otherdrugs : reduces CV morbidity and mortality
* ARB/ACEI, CCB and beta-blocker
* ARBand ACEi : prevention / regression subclinical organ damage ( LVH and microalbuminaria)
* Beta-blockers: care in patients with obesity and metabolic syndrome

* |Initial dose : 25-50 mg/day, higher dose may be necessary in hyperaldosteronism
* Serum creatinine and potassium monitoring

waveform may denote an increase in left ventricular mass
index, independent of age and BP.

Study suggests that non-invasively determined central
pulse pressure is a better predictor of incident cardiovascular
disease than does the corresponding brachial pulse pressure,
which may be because of a more accurate representation
of the vascular load on the left ventricle. There is growing
evidence that central BP may provide incremental value over
and above peripheral BP in firmly confirming the cardiovas-
cular risk. The CAFE Study was the first randomized, pro-
spective event-based study which mentioned that central BP
and related indices may be a useful guide to treatment [163].

e Future treatment molecules:

Several novel drugs such as peptide- and non-peptide-
based therapeutic agents that may function as RAAS inhib-
itors have been emerging to manage hypertension in dia-
betic patients. For personalized treatment of hypertension
in patients with DM, the use of artificial intelligence tech-
nologies such as gene sequencing mechanisms, genomics,
transcriptomics, proteomics, and metabolomics is increasing
in clinical practice towards understanding the disease patho-
genesis for early recognition of possible end-organ damage,
detection of the treatment response of the patient, and their
monitoring [164, 165].

Currently, among the existing CCBs, cilnidipine is a
promising molecule, effective in BP reduction and its multi-
ple pleiotropic benefits, and a good choice for use as a com-
bination therapy for hypertension management in patients
with DM [150, 151, 166—-168]. As anticipated in the future,
the use of other conventional CVD risk reduction drugs
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such as statins and immunosuppressants such as mycophe-
nolate mofetil may also expand in clinical practice [169].
While new drugs shall continue to emerge, the use of CCBs,
ARBs, and ACEi will persist in the future. At the same time,
beta-blockers and thiazide agents may need more studies to
understand their usage in this sub-set of patients [170].

Summary

Key messages: For the management of hypertension in
patients with DM (Fig. 9), it is essential to understand the
clinical profile of the patient to select the most suitable treat-
ment agents that do not add to any risks.

1. Definition of hypertension. As per the Indian Guideline
of Hypertension IV (IGH IV), hypertension is defined
as systolic blood pressure (SBP) of > 140 mmHg and/or
diastolic blood pressure (DBP) of >90 mmHg.

2. Type of hypertension. Primary hypertension is mostly
asymptomatic, while secondary hypertension is due
to various underlying pathologies. Uncontrolled BP,
despite the usage of 3 antihypertensive drugs, is referred
to as “resistant hypertension”.

3. Epidemiology and risks. Over 1 billion people suffer from
hypertension globally, which is expected to rise up to 1.5
billion by 2025. Up to 50% of cases of hypertension are
also diagnosed with type 2 diabetes mellitus (T2DM).
Hypertension presents as a major risk factor for heart fail-
ure, CVD, CKD, PAD, ED, and end-organ damage.

4. Blood pressure measurement. For patients with DM and
hypertension, 24-h ambulatory blood pressure monitoring is
recommended to maintain BP targets of ~ 120-130 mmHg.
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Fig.9 Summary of guideline

Management of Hypertension in
Patients with DM

ARBs ACEi CCBs Diuretics
preferred
i Telmlsartan Used when patients Cilnidipine Used in cases of
are not responsive to Resistant
combination therapy Hypertension and
Azilsartan / ARBs Amlodipine Elderly patients

The use of an aneroid sphygmomanometer must be pre-
ferred over digital devices; however, digital machines may
be preferred for home-based measurement. Blood pressure
thresholds vary with age and comorbid conditions.
Hypertension and diabetes: the relationship. There is a
complex cause—effect relationship between hypertension
and diabetes, which predisposes the patients to increased
risks of cardiovascular complications.
Non-pharmacological management of hypertension in
diabetic patients. Lifestyle modifications may delay the
need for pharmacological interventions or can comple-
ment the BP lowering effect of drugs. A low sodium
diet, a physical activity, and a healthy diet are recom-
mended to manage hypertension in diabetic patients.
Pharmacological management of hypertension in diabetic
patients. ARBs are recommended as the choice of therapy
preferably in combination with CCBs to manage hyper-
tension and its resulting complications. For combination
therapy, newer CCBs (e.g. cilnidipine) along with ARBs
are recommended. Cilnidipine is a novel, effective, and safe
CCB, which is established for its reno-protective benefits.
Combination therapy of ARBs with thiazide-like diuretics
also reduces the risk of renal disorders. While telmisartan
can be the first-line ARB for treatment of diabetic hyperten-
sives due to its beneficial effects on fasting blood glucose
and insulin levels, alternatively, azilsartan, with a similar
safety and efficacy profile, is also recommended. Thiazide-
like diuretics can be preferred in elderly patients with exist-
ing CVDs. ACE inhibitors may be used as an alternative
to ARBs for CVD risk reduction in high-risk patients.
Beta-blockers may be preferred in patients with a previous
history of CVDs and as an alternative to RAS blockers
in pregnant women. Hypertension is a strong, modifiable
risk factor for the macrovascular and microvascular com-

|
, First Line Agents in Combination [~
Therapy

4 Used in patients with existing

CVDs, CKD or other
I complications

plications of diabetes. Strong evidence from clinical trials
and meta-analyses supports targeting blood pressure reduc-
tion to at least140/90 mmHg in most adults with diabetes.
Lower blood pressure targets may be beneficial for selected
patients with high cardiovascular disease risk if they can be
achieved without undue burden, and such lower targets may
be considered on an individual basis. In addition to lifestyle
modifications, multiple medication classes are often needed
to attain blood pressure goals.

Acknowledgments The listed authors have provided the final approval
of the recommendations made in this guideline. The authors would
like to acknowledge the efforts of Dr. Punit Srivastava and Dr. Nidhi
Gupta of Mediception Sciences Pvt. Ltd. (www.mediception.com) for
providing writing assistance.

References

. Gupta R, Yusuf S. Towards better hypertension management in

India. Indian J Med Res. 2014;139(5):657.

Geldsetzer P, Manne-Goehler J, Theilmann M, Davies JI,
Awasthi A, Vollmer S, Jaacks LM, Bérnighausen T, Atun R.
Diabetes and hypertension in India: a nationally representative
study of 1.3 million adults. JAMA Int Med. 2018;178(3):363-72.
Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, Denni-
son Himmelfarb C, et al. 2017 ACC/AHA/AAPA/ABS/ACPM/AGS/
APHA/ASH/ASPC/NMA/PCNA guideline for the prevention, detec-
tion, evaluation and management of high blood pressure in adults:
executive summary. J Am Coll Cardiol. 2018;71:2199-269.
Bhattacharya S, Thakur JS, Singh A. Knowledge attitude, and
practice regarding dietary salt intake among urban slum popula-
tion of North India. J Fam Med Prim Care. 2018;7(3):526.
Oparil S, Acelajado MC, Bakris GL, Berlowitz DR, Cifkova R,
Dominiczak AF, Grassi G, Jordan J, Poulter NR, Rodgers A,
Whelton PK. Hypertension Nat Rev Dis Primers. 2018;4:18014.

@ Springer


http://www.mediception.com

International Journal of Diabetes in Developing Countries

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green
LA, Izzo JL Jr, Jones DW, Materson BJ, Oparil S, Wright JT Jr,
Roccella EJ. Seventh report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure. Hypertension. 2003;42(6):1206-52.

NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends
in blood pressure from 1975 to 2015: a pooled analysis of 1479
population-based measurement studies with 19-1 million partici-
pants. Lancet. 2017;389(10064):37-55.

Standard treatment guidelines of hypertension; MoHFW https://
nhm.gov.in/images/pdf/guidelines/nrhm-guidelines/stg/Hyper
tension_full.pdf.

Choi HY, Park HC, Ha SK. Salt sensitivity and hypertension: a
paradigm shift from kidney malfunction to vascular endothelial
dysfunction. Electrolyte Blood Press. 2015;13(1):7-16.

Balafa O, Kalaitzidis RG. Salt sensitivity and hypertension. J
Hum Hypertens. 2021;35(3):184-92.

Indian hypertension guidelines II 2007, Association of Physicians
of India https://www.hsindia.org/images/indian_hypertension_
guidelines.pdf.

Unger T, et al. 2020 International Society of Hyperten-
sion global hypertension practice guidelines. Hypertension.
2020;75:1334-57.

Rossi GP, Bisogni V, Rossitto G, Maiolino G, Cesari M, Zhu R,
et al. Practice recommendations for diagnosis and treatment of
the most common forms of secondary hypertension. High Blood
Press Cardiovasc Prev. 2020;27(6):547-60.

Trinquart L, Mounier-Vehier C, Sapoval M, Gagnon N, Plouin
PF. Efficacy of revascularization for renal artery stenosis caused
by fibromuscular dysplasia: a systematic review and meta-anal-
ysis. Hypertension. 2010;56(3):525-32.

Tan JL, Thakur K. Systolic hypertension. StatPearls; 2020.
Midha T, Idris M, Saran R, Srivastava A, Singh S. Isolated sys-
tolic hypertension and its determinants - a cross-sectional study
in the adult population of Lucknow District in North India.
Indian J] Community Med. 2010;35(1):89-93.

Gupta R, Sharma AK. Prevalence of hypertension and subtypes
in an Indian rural population: clinical and electrocardiographic
correlates. ] Hum Hypertens. 1994;8(11):823-9.

Park JB, Kario K, Wang JG. Systolic hypertension: an increasing
clinical challenge in Asia. Hypertens Res. 2015;38(4):227-36.
Luger RK, Kight BP. Hypertension in pregnancy. InStatPearls.
StatPearls Publishing; 2020.

Ahmeda AF, Alzoghaibi M. Factors regulating the renal cir-
culation in spontaneously hypertensive rats. Saudi J Biol Sci.
2016;23(4):441-51.

Gorostidi M, Vinyoles E, Banegas JR, de la Sierra A. Prevalence
of white-coat and masked hypertension in national and interna-
tional registries. Hypertens Res. 2015;38(1):1-7.

Aronow WS. Masked hypertension. Ann Transl Med.
2017;5(23):456-456.

Kaul U, Omboni S, Arambam P, Rao S, Kapoor S, Sawhney JPS,
Sharma K, Nair T, Chopda M, Hiremath J, Ponde CK, Oomman
A, Srinivas BC, Suvarna V, Jasuja S, Borges E, Verberk WIJ.
Blood pressure related to age: the India ABPM study. J Clin
Hypertens (Greenwich). 2019;21(12):1784-94.

Mills KT, Stefanescu A, He J. The global epidemiology of hyper-
tension. Nat Rev Nephrol. 2020;16(4):223-37.

Mills KT, Bundy JD, Kelly TN, Reed JE, Kearney PM, Reyn-
olds K, et al. Global disparities of hypertension prevalence and
control: a systematic analysis of population-based studies from
90 countries. Circulation. 2016;134(6):441-50.

Gupta R, Gaur K, S Ram CV. Emerging trends in hypertension
epidemiology in India. ] Hum Hypertens. 2019;33(8):575-587.
Anchala R, Kannuri NK, Pant H, Khan H, Franco OH, Di Ange-
lantonio E, et al. Hypertension in India: a systematic review and

@ Springer

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

meta-analysis of prevalence, awareness, and control of hyperten-
sion. J Hypertens. 2014;32(6):1170-7.

Lastra G, Syed S, Kurukulasuriya LR, Manrique C, Sowers JR.
Type 2 diabetes mellitus and hypertension: an update. Endocrinol
Metab Clin. 2014;43(1):103-22.

Katon WJ, Rutter C, Simon G, Lin EH, Ludman E, Ciechanowski
P, Kinder L, Young B, Von Korft. The association of co-morbid
depression with mortality in patients with type 2 diabetes. M
Diabetes Care. 2005;28(11):2668-72.

Viswanathan V, Smina TP. Blood pressure control in diabetes -
the Indian Perspective. ] Hum Hypertens. 2019;33(8):588-93.
Grossman E. Ambulatory blood pressure monitoring in the
diagnosis and management of hypertension. Diabetes Care.
2013;36(Supplement 2):S307-11.

Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi
M, Burnier M, Clement DL, Coca A, de Simone G, Domin-
iczak A, et al. 2018 ESC/ESH guidelines for the management
of arterial hypertension: the Task Force for the Management
of Arterial Hypertension of the European Society of Cardiol-
ogy and the European Society of Hypertension. J] Hypertens.
2018;36:1953-2041.

Whelton PK, Carey RM, Aronow WS, Casey DE, Collins KJ,
Dennison Himmelfarb C, DePalma SM, Gidding S, Jamerson
KA, Jones DW, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/
APhA/ASH/ASPC/NMA/PCNA guideline for the prevention,
detection, evaluation, and management of high blood pressure in
adults: a report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guidelines.
Hypertension. 2018;71:1269-324.

Stergiou GS, Palatini P, Asmar R, Bilo G, de la Sierra A, Head
G, et al. Blood pressure monitoring: theory and practice. Euro-
pean Society of Hypertension Working Group on Blood Pressure
Monitoring and Cardiovascular Variability Teaching Course Pro-
ceedings. Blood Press Monit. 2018;23(1):1-8.

Kario K, Shin J, Chen CH, Buranakitjaroen P, Chia YC,
Divinagracia R, et al. Expert panel consensus recommen-
dations for ambulatory blood pressure monitoring in Asia:
the HOPE Asia Network. J Clin Hypertens (Greenwich).
2019;21(9):1250-83.

De Boer IH, Bangalore S, Benetos A, Davis AM, Michos ED,
Muntner P, Rossing P, Zoungas S, Bakris G. Diabetes and hyper-
tension: a position statement by the American Diabetes Associa-
tion. Diabetes Care. 2017;40(9):1273-84.

Grossman E, Messerli FH. Management of blood pressure in
patients with diabetes. Am J Hypertens. 2011;24(8):863-75.
Aronow WS, Shamliyan TA. Blood pressure targets for hyper-
tension in patients with type 2 diabetes. Ann Transl Med.
2018;6(11):199.

Logan AG, Irvine MJ, Mclsaac WJ, Tisler A, Rossos PG, Easty
A, Feig DS, Cafazzo JA. Effect of home blood pressure telemoni-
toring with self-care support on uncontrolled systolic hyperten-
sion in diabetics. Hypertension. 2012;60(1):51-7.

India Hypertension Control Initiative training manual. 2019.
https://linkscommunity.org/assets/PDFs/htn-draft-training-mod-
ule_simple-version_05122019-for-print.pdf.

Shahbabu B, Dasgupta A, Sarkar K, Sahoo SK. Which is
more accurate in measuring the blood pressure? A digital
or an aneroid sphygmomanometer. J Clin Diagn Res. 2016
Mar;10(3):LC11-14.

Bruno RM, Taddei S. New-onset diabetes in hypertensive
patients and mortality: timing is Everything. Eur Heart J.
2016;37(12):975-17.

Cheung BMY, Li C. Diabetes and hypertension: is there
a common metabolic pathway? Curr Atheroscler Rep.
2012;14(2):160-6.


https://nhm.gov.in/images/pdf/guidelines/nrhm-guidelines/stg/Hypertension_full.pdf
https://nhm.gov.in/images/pdf/guidelines/nrhm-guidelines/stg/Hypertension_full.pdf
https://nhm.gov.in/images/pdf/guidelines/nrhm-guidelines/stg/Hypertension_full.pdf
https://www.hsindia.org/images/indian_hypertension_guidelines.pdf
https://www.hsindia.org/images/indian_hypertension_guidelines.pdf
https://linkscommunity.org/assets/PDFs/htn-draft-training-module_simple-version_05122019-for-print.pdf
https://linkscommunity.org/assets/PDFs/htn-draft-training-module_simple-version_05122019-for-print.pdf

International Journal of Diabetes in Developing Countries

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Yki-Jarvinen H. Nonglycemic effects of insulin. Clin Corner-
stone. 2003;Suppl 4:S6-12.

Petrie JR, Guzik TJ, Touyz RM. Diabetes, hypertension, and car-
diovascular disease: clinical insights and vascular mechanisms.
Can J Cardiol. 2018;34(5):575-84.

Arauz-Pacheco C, Parrott MA, Raskin P; American Diabetes
Association. Treatment of hypertension in adults with diabetes.
Diabetes Care. 2003;26 Suppl 1:S80-2.

Oh JS, Lee CH, Park J il, Park HK, Hwang JK. Hypertension-
mediated organ damage and long-term cardiovascular outcomes
in Asian hypertensive patients without prior cardiovascular dis-
ease. ] Korean Med Sci. 2020;35(48):e400.

Velasquez, M. T. Management of hypertension in chronic kidney
disease. Chronic Renal Disease, 2015;634—645.

Cha R hui, Lee H, Lee JP, Kim YS, Kim SG. The influ-
ence of blood pressure patterns on renal outcomes in
patients with chronic kidney disease. Medicine (Baltimore).
2020;99(8):€19209.

Judd E, Calhoun DA. Management of hypertension in
CKD: beyond the guidelines. Adv Chronic Kidney Dis.
2015;22(2):116-22.

Christofides EA, Desai N. Optimal early diagnosis and moni-
toring of diabetic kidney disease in type 2 diabetes mellitus:
addressing the barriers to albuminuria testing. J Prim Care Com-
munity Health. 2021;12:21501327211003684.

Sarafidis PA, Khosla N, Bakris GL. Antihypertensive therapy in
the presence of proteinuria. Am J Kidney Dis. 2007;49(1):12-26.
Shah SN, Munjal YP, Kamath SA, Wander GS, Mehta N,
Mukherjee S, Kirpalani A, Gupta P, Shah H, Rohatgi R, Billi-
moria AR. Indian Guidelines on Hypertension-IV (2019). ] Hum
Hypertens. 2020;34(11):745-58.

Chawla R, Madhu SV, Makkar BM, Ghosh S, Saboo B, Kalra S,
et al. RSSDI-ESI clinical practice recommendations for the man-
agement of type 2 diabetes mellitus 2020. Indian J Endocrinol
Metab. 2020;24(1):1-122.

Stefaniska K, Zieliriski M, Zamkowska D, Adamski P, Jassem-
Bobowicz J, Piekarska K, et al. Comparisons of dipstick test,
urine protein-to-creatine ratio, and total protein measurement for
the diagnosis of preeclampsia. Int J Environ Res Public Health.
2020;17(12):E4195.

Steg G, Bhatt DL, Wilson PWF, D’Agostino R, Ohman EM,
Rother J et al., for the REACH Registry Investigators. One year
cardiovascular event rates in outpatients with atherothrombosis.
JAMA 2007;297:1197-1206.

Bavry AA, Anderson RD, Gong Y, Denardo SJ, Cooper-Dehoff
RM, Handberg EM, et al. Outcomes Among hypertensive
patients with concomitant peripheral and coronary artery dis-
ease: findings from the INternational VErapamil-SR/Trandola-
pril STudy. Hypertension. 2010;55(1):48-53.

Nunes KP, Labazi H, Webb RC. New insights into hypertension-
associated erectile dysfunction. Curr Opin Nephrol Hypertens.
2012;21(2):163-70.

Hale TM, Hannan JL, Carrier S, deBlois D, Adams MA. Target-
ing vascular structure for the treatment of sexual dysfunction. J
Sex Med. 2009;6(Suppl 3):210-20.

Doumas M and Boutari C. Arterial hypertension and erectile dysfunc-
tion: an under-recognized duo. Eur soc of cardiology, 2016. 14(4).
Lloyd-Jones DM, Larson MG, Leip EP, Beiser A, D’Agostino
RB, Kannel WB, et al. Lifetime risk for developing conges-
tive heart failure: the Framingham Heart Study. Circulation.
2002;106(24):3068-72.

Kannel WB, Wolf PA, Benjamin EJ, Levy D. Prevalence, inci-
dence, prognosis, and predisposing conditions for atrial fibrilla-
tion: population-based Estimates. Am J Cardiol. 1998;82:2N-9N.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

McLenachan JM, Henderson E, Morris KI, Dargie HJ. Ventric-
ular arrhythmias in patients with hypertensive left ventricular
hypertrophy. N Engl J Med. 1987;317(13):787-92.

Levy D, Larson MG, Vasan RS, Kannel WB, Ho KK. The pro-
gression from hypertension to congestive heart failure. JAMA.
1996;275(20):1557-62.

Messerli FH, Rimoldi SF, Bangalore S. The transition from
hypertension to heart failure: contemporary update. JACC Heart
Fail. 2017;5(8):543-51.

Henderson AD, Bruce BB, Newman NJ, Biousse V. Hyperten-
sion-related eye abnormalities and the risk of stroke. Rev Neurol
Dis. 2011;8(1-2):1-9.

Pontremoli R, Sofia A, Tirotta A, Ravera M, Nicolella C, Viazzi
F, Bezante GP, Borgia L, Bobola N, Ravazzolo R, Sacchi G,
Deferrari G. The deletion polymorphism of the angiotensin
I-converting enzyme gene is associated with target organ damage
in essential hypertension. J Am Soc Nephrol. 1996;7(12):2550-8.
Uckaya G, Ozata M, Sonmez A, Kinalp C, Eyileten T, Bin-
gol N, Koc B, Kocabalkan F, Ozdemir IC. Is leptin associ-
ated with hypertensive retinopathy? J Clin Endocrinol Metab.
2000;85(2):683-7.

Chen X, Meng Y, LiJ, She H, Zhao L, Zhang J, et al. Serum uric
acid concentration is associated with hypertensive retinopathy in
hypertensive chinese adults. BMC Ophthalmol. 2017;17(1):83.
Wong TY, Klein R, Couper DJ, Cooper LS, Shahar E, Hubbard
LD, et al. Retinal microvascular abnormalities and incident
stroke: the Atherosclerosis Risk in Communities Study. Lancet.
2001;358(9288):1134-40.

Zhang WW, Cadilhac DA, Donnan GA, O’Callaghan C, Dewey
HM. Hypertension and TIA. Int J Stroke. 2009;4(3):206-14.
Johnston SC, Gress DR, Browner WS, Sidney S. Short-term
prognosis after emergency department diagnosis of TIA. JAMA.
2000;284(22):2901-6.

Johnston SC, Rothwell PM, Nguyen-Huynh MN, Giles MF,
Elkins JS, Bernstein AL, et al. Validation and refinement of
scores to predict very early stroke risk after transient ischaemic
attack. Lancet. 2007;369(9558):283-92.

Qureshi Al. Acute hypertensive response in patients with
stroke pathophysiology and management. Circulation.
2008;118:176-87.

Graham M L Eglit, Alexandra J Weigand, Daniel A Nation, Mark
W Bondi, Katherine J Bangen. Hypertension and Alzheimer’s
disease: indirect effects through circle of Willis atherosclerosis.
Brain Commun. 2020;2(2):fcaal 14,

Gabin JM, Tambs K, Saltvedt I, Sund E, Holmen J. Association
between blood pressure and Alzheimer disease measured up to
27 years prior to diagnosis: the HUNT Study. Alzheimers Res
Ther. 2017;9(1):37.

Hypertension in adults: diagnosis and management. NICE guideline
[NG136]. August 2019. https://www.nice.org.uk/guidance/ng136.
Singh S, Shankar R, Singh GP. Prevalence and associated risk
factors of hypertension: a cross-sectional study in Urban Vara-
nasi. Int J Hypertens. 2017;2017:5491838.

Silverberg DS, Oksenberg A. Are sleep-related breathing disor-
ders important contributing factors to the production of essential
hypertension? Curr Hypertens Rep. 2001;3(3):209-15.

Mancia G, Fagard R, Narkiewicz K, Red6n J, Zanchetti A, Bohm
M, et al. 2013 ESH/ESC Guidelines for the management of arte-
rial hypertension: the Task Force for the management of arterial
hypertension of the European Society of Hypertension (ESH)
and of the European Society of Cardiology (ESC). ] Hypertens.
2013;31(7):1281-357.

Thuita AW, Kiage BN, Onyango AN, Makokha AO. Effect of a
nutrition education programme on the metabolic syndrome in
type 2 diabetes mellitus patients at a level 5 hospital in Kenya:
“a randomized controlled trial.” BMC nutrition. 2020;6(1):1-4.

@ Springer


https://www.nice.org.uk/guidance/ng136

International Journal of Diabetes in Developing Countries

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Correia JC, Lachat S, Lagger G, Chappuis F, Golay A, Beran
D. Interventions targeting hypertension and diabetes mellitus
at community and primary healthcare level in low-and mid-
dle-income countries: a scoping review. BMC Public Health.
2019;19(1):1-20.

Paula TP, Viana LV, Neto AT, Leitao CB, Gross JL, Azevedo
MIJ. Effects of the DASH diet and walking on blood pres-
sure in patients with type 2 diabetes and uncontrolled hyper-
tension: a randomized controlled trial. J Clin Hypertens.
2015;17(11):895-901.

Campbell AP. DASH eating plan: an eating pattern for diabetes
management. Diabetes Spectrum. 2017;30(2):76-81.

Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Gold-
berger ZD, Hahn EJ, Himmelfarb CD, Khera A, Lloyd-Jones
D, McEvoy JW, Michos ED. 2019 ACC/AHA guideline on the
primary prevention of cardiovascular disease: a report of the
American College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines. J Am Coll Cardiol.
2019;74(10):e177-232.

Subramanian H, Soudarssanane MB, Jayalakshmy R, Thirusel-
vakumar D, Navasakthi D, Sahai A, Saptharishi LG. Non-phar-
macological interventions in hypertension: a community-based
cross-over randomized controlled trial. Indian J Community
Med. 2011;36(3):191.

Shrivastava U, Fatma M, Mohan S, Singh P, Misra A. Rand-
omized control trial for reduction of body weight, body fat pat-
terning, and cardiometabolic risk factors in overweight worksite
employees in Delhi. India J Diabetes Res. 2017;29:2017.
Zhang Y, Ding X, Hua B, Liu Q, Chen H, Zhao XQ, Li W, Li H.
Real-world use of ACEI/ARB in diabetic hypertensive patients
before the initial diagnosis of obstructive coronary artery disease:
patient characteristics and long-term follow-up outcome. J Transl
Med. 2020;18(1):150.

Mallat SG. What is a preferred angiotensin II receptor blocker-
based combination therapy for blood pressure control in hyper-
tensive patients with diabetic and non-diabetic renal impairment?
Cardiovasc Diabetol. 2012;10(11):32.

Ganesh J, Viswanathan V. Management of diabetic hyperten-
sives. Indian J Endocrinol Metab. 2011;15(Suppl4):S374.
Dézsi CA. The different therapeutic choices with ARBs. Which
one to give? When? Why?. American Journal of Cardiovascular
Drugs. 2016;16(4):255-66

Kumar A, Khrime D. Efficacy and safety of azilsartan and
telmisartan in hypertensive patients. Saudi J Med Med Sci.
2021;9(1):82.

Aalbers J. Angiotensin receptor blockers (ARBs) in hypertension
patients: earlier use of these better tolerated medications is war-
ranted. Cardiovasc J Afr. 2010;21(2):124.

Gitt AK, Bramlage P, Potthoff SA, Baumgart P, Mahfoud F,
Buhck H, et al. Azilsartan compared to ACE inhibitors in anti-
hypertensive therapy: one-year outcomes of the observational
EARLY registry. BMC Cardiovasc Disord. 2016;8(16):56.
Whalen K, Stewart RD. Pharmacologic management of
hypertension in patients with diabetes. Am Fam Physician.
2008;78(11):1277-82.

Fried LF, Emanuele N, Zhang JH, Brophy M, Conner TA, Duck-
worth W, et al. Combined angiotensin inhibition for the treatment
of diabetic nephropathy. N Engl J Med. 2013;369(20):1892-903.
Thomopoulos C, Parati G, Zanchetti A. Effects of blood-pres-
sure-lowering treatment on outcome incidence. 12. Effects
in individuals with high-normal and normal blood pressure:
overview and meta-analyses of randomized trials. J Hypertens.
2017;35(11):2150-2160.

Suehiro T, Tsuruya K, Yoshida H, Tsujikawa H, Yamada S, Tan-
aka S, Tsuchimoto A, Eriguchi M, Fujisaki K, Torisu K, Nakano
T. Stronger effect of azilsartan on reduction of proteinuria

@ Springer

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

compared to candesartan in patients with CKD: a randomized
crossover trial. Kidney Blood Press Res. 2021;46(2):173-84.
Wang JG, Zhang M, Feng YQ, Ma CS, Wang TD, Zhu ZM,
Kario K. Is the newest angiotensin-receptor blocker azilsartan
medoxomil more efficacious in lowering blood pressure than the
older ones? A systematic review and network meta-analysis. J
Clin Hypertens. 2021;23(5):901-14.

Sakamoto M, Asakura M, Nakano A, Kanzaki H, Sugano Y,
Amaki M, et al. Azilsartan, but not candesartan improves left
ventricular diastolic function in patients with hypertension and
heart failure. Int J Gerontol. 2015;1:9.

Zhang P, Zhu L, Cai J, Lei F, Qin 1], Xie J, Liu YM, Zhao YC,
Huang X, Lin L, Xia M. Association of inpatient use of angio-
tensin-converting enzyme inhibitors and angiotensin II receptor
blockers with mortality among patients with hypertension hos-
pitalized with COVID-19. Circ Res. 2020;126(12):1671-81.
Felice C, Nardin C, Di Tanna GL, Grossi U, Bernardi E, Scalda-
ferri L, et al. Use of RAAS inhibitors and risk of clinical dete-
rioration in COVID-19: results from an Italian cohort of 133
hypertensives. Am J Hypertens. 2020;33(10):944-8.

Tian B, Deng Y, Cai Y, Han M, Xu G. Efficacy and safety of
combination therapy with sodium-glucose cotransporter 2 inhibi-
tors and renin-angiotensin system blockers in patients with type
2 diabetes: a systematic review and meta-analysis. Nephrol Dial
Transplant. 2022;37(4):720-9.

Tsujimoto T, Sugiyama T, Shapiro MF, Noda M, Kajio H. Risk
of cardiovascular events in patients with diabetes mellitus on
B-blockers. Hypertension. 2017;70(1):103-10.

Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M,
Burnier M, Clement DL, Coca A, de Simone G, Dominiczak
A, Kahan T, Mahfoud F, Redon J, Ruilope L, Zanchetti A, Ker-
ins M, Kjeldsen SE, Kreutz R, Laurent S, Lip GYH, McManus
R, Narkiewicz K, Ruschitzka F, Schmieder RE, Shlyakhto E,
Tsioufis C, Aboyans V, Desormais I; ESC Scientific Document
Group. 2018 ESC/ESH guidelines for the management of arterial
hypertension. Eur Heart J. 2018;39(33):3021-3104.

Ozawa Y, Hayashi K, Kobori H. New generation calcium chan-
nel blockers in hypertensive treatment. Curr Hypertens Rev.
2006;2(2):103-11.

Law MR, Morris JK, Wald NJ. Use of blood pressure lowering
drugs in the prevention of cardiovascular disease: meta-analysis
of 147 randomised trials in the context of expectations from pro-
spective epidemiological studies. BMJ. 2009;19(338):b1665.
Voigt N, Heijman J, Wang Q, Chiang DY, Li N, Karck M, et al.
Cellular and molecular mechanisms of atrial arrhythmogen-
esis in patients with paroxysmal atrial fibrillation. Circulation.
2014;129(2):145-56.

Kario K, Matsuda S, Nagahama S, Kurose Y, Sugii H, Teshima
T, Suzuki N. Single-pill combination of cilnidipine, an 1-/n-type
calcium channel blocker, and valsartan reduces the day-by-day
variability of morning home systolic blood pressure in patients
with treated hypertension: a sub-analysis of the HOPE-combi
survey. J Clin Hypertens. 2021;23(2):392-7.

Yagi S, Goto S, Yamamoto T, Kurihara S, Katayama S. Effect of
cilnidipine on insulin sensitivity in patients with essential hyper-
tension. Hypertens Res. 2003;26(5):383-7.

Shete MM. Cilnidipine: next generation calcium channel blocker.
J Assoc Physicians India. 2016;64(4):95-9.

Adake P, Somashekar HS, Mohammed Rafeeq PK, Umar D,
Basheer B, Baroudi K. Comparison of amlodipine with cilnidi-
pine on antihypertensive efficacy and incidence of pedal edema
in mild to moderate hypertensive individuals: a prospective
study. J Adv Pharm Technol Res. 2015;6(2):81-5.

Kumar P, Das A, Chandra S, Gari M, Keshri USP, Kumari K.
Serum triglyceride lowering effect of cilnidipine in patients with
essential hypertension. Cardiol Res. 2016;7(5):173-7.



International Journal of Diabetes in Developing Countries

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

Jang Y, Kim M, Jang Y, Cho EY, Lee S, YuJ, et al. PS 17-54
effects of cilnidipine versus atenolol on left ventricular diastolic
function and hypertrophy in essential hypertension - CANDLE
Trial. ] Hypertens. 2016;34:e489.

Pugh D, Gallacher PJ, Dhaun N. Management of hypertension in
chronic kidney disease. Drugs. 2019;79(4):365-79.

Currie G, Delles C. The future of “omics” in hypertension. Can
J Cardiol. 2017;33(5):601-10.

Sharma S. Hypertension therapeutics update: a brief clinical
summary on azilsartan, cilnidipine and nebivolol. Hypertens J.
2015;1(2):111-7.

Shah SU, Anjum S, Littler WA. Use of diuretics in cardiovascular
disease: (2) hypertension. Postgrad Med J. 2004;80(943):271-6.
Psaty BM, Lumley T, Furberg CD, Schellenbaum G, Pahor M,
Alderman MH, et al. Health outcomes associated with various
antihypertensive therapies used as first-line agents: a network
meta-analysis. JAMA. 2003;289(19):2534—44.

Musini VM, Nazer M, Bassett K, Wright JM. Blood pres-
sure-lowering efficacy of monotherapy with thiazide diuret-
ics for primary hypertension. Cochrane Database Syst Rev.
2014;(5):CD003824.

Khosla N, Chua DY, Elliott W], Bakris GL. Are chlorthalidone
and hydrochlorothiazide equivalent blood-pressure-lowering
medications? J Clin Hypertens (Greenwich). 2005;7(6):354-6.
Kumar N, Calhoun DA, Dudenbostel T. Management of patients
with resistant hypertension: current treatment options. Integr
Blood Press Control. 2013;22(6):139-51.

Lin JJ, Chang HC, Ku CT, Chen HY. Hydrochlorothiazide hyper-
tension treatment induced metabolic effects in type 2 diabetes: a
meta-analysis of parallel-design RCTs. Eur Rev Med Pharmacol
Sci. 2016;20(13):2926-46.

Zhang X, Zhao Q. Association of thiazide-type diuretics with
glycemic changes in hypertensive patients: a systematic review
and meta-analysis of randomized controlled clinical trials. J Clin
Hypertens. 2016;18(4):342-51.

Fujiwara T, Hoshide S, Tomitani N, Kanegae H, Kario K. Com-
parative effects of valsartan plus cilnidipine or hydrochloro-
thiazide on nocturnal home blood pressure. J Clin Hypertens.
2021;23(3):687-91.

Yaxley JP, Thambar SV. Resistant hypertension: an approach to man-
agement in primary care. J Family Med Prim Care. 2015;4(2):193-9.
Williams B, MacDonald TM, Morant S, Webb DIJ, Sever P, McI-
nnes G, Ford I, Cruickshank JK, Caulfield MJ, Salsbury J, Mac-
kenzie I, Padmanabhan S, Brown MJ, British Hypertension Soci-
ety’s PATHWAY Studies Group. Spironolactone versus placebo,
bisoprolol, and doxazosin to determine the optimal treatment
for drug-resistant hypertension (PATHWAY-2): a randomised,
double-blind, crossover trial. Lancet 2015;386:2059-2068.
Williams B, MacDonald TM, Morant SV, Webb DJ, Sever P,
Mclnnes GT, et al. Endocrine and haemodynamic changes in
resistant hypertension, and blood pressure responses to spirono-
lactone or amiloride: the PATHWAY-2 mechanisms sub-studies.
Lancet Diabetes Endocrinol. 2018;6(6):464-75.

James PA, Oparil S, Carter BL, Cushman WC, Dennison-Him-
melfarb C, Handler J, Lackland DT, LeFevre ML, MacKenzie
TD, Ogedegbe O, Smith SC Jr, Svetkey LP, Taler SJ, Townsend
RR, Wright JT Jr, Narva AS, Ortiz E. 2014 Evidence-based
guideline for the management of high blood pressure in adults:
report from the panel members appointed to the Eighth Joint
National Committee (JNC 8). JAMA. 2014;311(5):507-20. Erra-
tum in: JAMA. 2014 May 7;311(17):1809.

Schroeder EB, Chonchol M, Shetterly SM, Powers JD, Adams JL,
Schmittdiel JA, Nichols GA, O’Connor PJ, Steiner JF. Add-on
antihypertensive medications to angiotensin-aldosterone system
blockers in diabetes: a comparative effectiveness study. Clin J
Am Soc Nephrol. 2018;13(5):727-34.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

Parving HH, Brenner BM, McMurray JIV, de Zeeuw D, Haftner SM,
Solomon SD, et al. Cardiorenal end points in a trial of aliskiren for
type 2 diabetes. N Engl J Med. 2012;367(23):2204—13.

Williams B, Lindholm LH, Sever P. Systolic pressure is all that
matters. Lancet. 2008;371(9631):2219-21.

Patel A, ADVANCE Collaborative Group, MacMahon S, Chalm-
ers J, Neal B, Woodward M, et al. Effects of a fixed combination
of perindopril and indapamide on macrovascular and microvascular
outcomes in patients with type 2 diabetes mellitus (the ADVANCE
trial): a randomised controlled trial. Lancet. 2007;370(9590):829-40.
Beckett NS, Peters R, Fletcher AE, Staessen JA, Liu L, Dumi-
trascu D, et al. Treatment of hypertension in patients 80 years of
age or older. N Engl J Med. 2008;358(18):1887-98.

Lithell H, Hansson L, Skoog I, Elmfeldt D, Hofman A, Olofsson
B, et al. The Study on Cognition and Prognosis in the Elderly
(SCOPE): principal results of a randomized double-blind inter-
vention trial. J Hypertens. 2003;21(5):875-86.

Liu L, Zhang Y, Liu G, Li W, Zhang X, Zanchetti A, et al. The
Felodipine Event Reduction (FEVER) Study: a randomized long-
term placebo-controlled trial in Chinese hypertensive patients. J
Hypertens. 2005;23(12):2157-72.

Wang JG, Staessen JA, Gong L, Liu L. Chinese trial on iso-
lated systolic hypertension in the elderly. Systolic Hypertension
in China (Syst-China) Collaborative Group. Arch Intern Med.
2000;160:211-220.

Prevention of stroke by antihypertensive drug treatment in older
persons with isolated systolic hypertension. Final results of the
Systolic Hypertension in the Elderly Program (SHEP). SHEP
Cooperative Research Group. JAMA. 1991;265(24):3255-64.
Dahlof B, Lindholm LH, Hansson L, Scherstén B, Ekbom T,
Wester PO. Morbidity and mortality in the Swedish Trial in
Old Patients with Hypertension (STOP-Hypertension). Lancet.
1991;338(8778):1281-5.

Morgan T, Anderson A. A comparison of candesartan, felodipine,
and their combination in the treatment of elderly patients with
systolic hypertension. Am J Hypertens. 2002;15(6):544-9.

Chi C, Tai C, Bai B, Yu S, Karamanou M, Wang J, et al. Angiotensin
system blockade combined with calcium channel blockers is superior
to other combinations in cardiovascular protection with similar blood
pressure reduction: a meta-analysis in 20,451 hypertensive patients.
J Clin Hypertens (Greenwich). 2016;18(8):801-8.

Galle J, Schwedhelm E, Pinnetti S, Boger RH, Wanner C;
VIVALDI investigators. Antiproteinuric effects of angiotensin
receptor blockers: telmisartan versus valsartan in hypertensive
patients with type 2 diabetes mellitus and overt nephropathy.
Nephrol Dial Transplant. 2008;23(10):3174-83.

Ono T, Sanai T, Miyahara Y, Noda R. Olmesartan is more effec-
tive than other angiotensin receptor antagonists in reducing
proteinuria in patients with chronic kidney disease other than
diabetic nephropathy. Curr Ther Res Clin Exp. 2013;74:62-7.
Marte F, Sankar P, Cassagnol M. Captopril. [Updated 2021 May
10]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2021 Jan-. Available from: https://www.ncbi.nlm.
nih.gov/books/NBK535386/.
https://cdsco.gov.in/opencms/resources/UploadCDSCOWeb/
2018/UploadApprovalMarketingFDC/approvfdcfeb19.pdf.
Abraham G, Arun KN, Gopalakrishnan N, Renuka S, Pahari
DK, Deshpande P, Isaacs R, Chafekar DS, Kher V, Almeida
AF, Sakhuja V, Sundar S, Gulati S, Abraham A, Padmanaban R.
Management of hypertension in chronic kidney disease: consen-
sus statement by an expert panel of Indian nephrologists. J Assoc
Physicians India. 2017;65(2 Suppl):6-22.

Kidney Disease: Improving Global Outcomes. KDIGO clinical
practice guideline for the management of blood pressure in
chronic kidney disease. Kidney Int Supplements (2012) 2:337.

@ Springer


https://www.ncbi.nlm.nih.gov/books/NBK535386/
https://www.ncbi.nlm.nih.gov/books/NBK535386/
https://cdsco.gov.in/opencms/resources/UploadCDSCOWeb/2018/UploadApprovalMarketingFDC/approvfdcfeb19.pdf
https://cdsco.gov.in/opencms/resources/UploadCDSCOWeb/2018/UploadApprovalMarketingFDC/approvfdcfeb19.pdf

International Journal of Diabetes in Developing Countries

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

Sharma T, Tausif A, Ahmad S. Evaluating the antiproteinuric
efficacy of cilnidipine in diabetic kidney disease. Int J Basic
Clin Pharmacol. 2019;24(9):129.

Chandra KS, Ramesh G. The fourth-generation calcium chan-
nel blocker: cilnidipine. Indian Heart J. 2013;65(6):691-5.
Kawabata Y, Soeki T, Ito H, Matsuura T, Kusunose K, Ise T, Yama-
guchi K, Tobiume T, Yagi S, Fukuda D, Yamada H. Effects of L-/N-
type calcium channel blockers on angiotensin ii—renin feedback in
hypertensive patients. Int J Hypertens. 2020;22:2020.

Dharpur P, Kavitha VC. A study at BRIMS hospital for compar-
ing the tolerability of cilnidipine and amlodipine in the treatment
of hypertension. Indian J Pharm Pharmacol. 2019;6(1):11-3.
Nakao N, Yoshimura A, Morita H, Takada M, Kayano T, Ideura
T. Combination treatment of angiotensin-II receptor blocker and
angiotensin-converting-enzyme inhibitor in non-diabetic renal
disease (COOPERATE): a randomised controlled trial. Lancet.
2003;361(9352):117-24.

Effect of verapamil on mortality and major events after acute
myocardial infarction (the Danish Verapamil Infarction Trial II-
-DAVIT II). Am J Cardiol. 1990;66(10):779-85.

Sinha S, Chary S, Reddy Bandi M, Thakur P, Talluri L, Reddy
VK, Agarwal M, Naik K S, Azilsartan Study In Indian Adult
Patients Of Essential Hypertension Investigators Azilehi
Group. Evaluation of the efficacy and safety of azilsartan
in adult patients with essential hypertension: a randomized,
phase-iii clinical study in India. J Assoc Physicians India.
2021;69(2):35-39.

Desai A, Samra S, Gawde A, Baliga V, Jain M. Comparison of
the efficacy, safety, and tolerability of Telmisartan with Losartan
in Indian patients with mild to moderate hypertension-a pilot
study. Am J Hypertens. 2005;18(5):A86-7.

Agrawal A, Kamila S, Reddy S, Lilly J, Mariyala MS. Effect of
telmisartan on kidney function in patients with chronic kidney
disease: an observational study. J Drug Assess. 2016;5(1):24-8.
Kumbla DK, Kumar S, Reddy YV, Trailokya A, Naik M. WIN
OVER study: Efficacy and safety of olmesartan in Indian hyper-
tensive patients: results of an open label, non-comparative,
multi-centric, post marketing observational study. Indian Heart
J.2014;66(3):340-4.

Shetty K, et al. A comparative study of clinical and biochemical
parameters in amlodipine and cilnidipine treated hypertensive
patients. J Clin Diagn Res. 2017; 11(5):FC01-FCOS5.

Das A, Kumar P, Kumari A, Chandra S, Gari M, Singh N,
et al. Effects of cilnidipine on heart rate and uric acid metab-
olism in patients with essential hypertension. Cardiol Res.
2016;7(5):167-72.

Harlalka S, Roy UK, Majumdar G, Das K, Mandal P. An open
label prospective study on evaluation of safety and efficacy of
cilnidipine over amlodipine in stage 1 hypertensive patients.
Kathmandu Univ Med J (KUMYJ). 2020;18(69):42-48.

Zhao LM, Zhang M, Zhan ZL, Qiu M. Does combination therapy
with SGLT2 inhibitors and renin-angiotensin system blockers
lead to greater reduction in cardiorenal events among patients
with type 2 diabetes? Front Cardiovasc Med. 2021;8:679124.
Published 2021 May 5.

Muxfeldt ES, de Souza F, Salles GF. Resistant hyperten-
sion: a practical clinical approach. ] Hum Hypertens.
2013;27(11):657-62.

Agabiti-Rosei E, Mancia G, O’Rourke MF, Roman MJ, Safar
ME, Smulyan H, Wang J-G, Wilkinson IB. Bryan Williams and
Charalambos Vlachopoulos; Central blood pressure measure-
ments and antihypertensive therapy - a consensus document.
Hypertension. 2007;50:154-60.

Ghatage T, Goyal SG, Dhar A, Bhat A. Novel therapeutics for
the treatment of hypertension and its associated complications:

@ Springer

165.

166.

167.

168.

169.

170.

peptide- and nonpeptide-based strategies. Hypertens Res.
2021;44(7):740-55.

Mueller FB. Al (artificial intelligence) and hypertension
research. Curr Hypertens Rep. 2020;22(9):1-7.

Shiraki A, Nakashima K, Node K. Does cilnidipine, a dual
L-and N-type Ca 2+ blocker, shows promise in drug reposi-
tioning approaches? Hypertens Res. 2020;43(7):726-8.
Harlalka S, Roy UK, Majumdar G, Das K, Mandal P. An open
label prospective study on evaluation of safety and efficacy of
cilnidipine over amlodipine in stage 1 hypertensive patients.
Kathmandu Univ Med J. 2020;18(1):42-8.

R R, Om S, Kaladharan A. Evaluation of renoprotective effect
of cilnidipine in patients with mild to moderate hypertension
and type 2 diabetes mellitus — a prospective study. Asian J
Pharm Clin Res. 2021;144-6.

Tanase DM, Gosav EM, Radu S, Ouatu A, Rezus C, Ciocoiu M,
Costea CF, Floria M. Arterial hypertension and interleukins:
potential therapeutic target or future diagnostic marker. Int J
Hypertens. 2019;2:2019.

Phillips RA. Current and future treatment of hyperten-
sion in the SPRINT Era. Methodist Debakey Cardiovasc J.
2015;11(4):206-13.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Core expert committee.

1.) Dr. Bikash Bhattacharjee.

Director and senior consultant diabetologist.

Sun Valley Diabetes Care & Research Centre.

G. S. Road, Guwahati 781006.

Assam.

Senior consultant diabetologist.

Diabetes & Obesity Centre.

Ulubari, Guwahati 781007.

2.) Dr. Sudhir Bhandari.

MD, FRCP (London), FRCP (Edinburgh) FACP, FACE.

DNB, MNAMS, FICP, AFICA (USA), FISC, FRSSDI.

Fellow of diabetes India (FDI).

Consultant physician and diabetologist.

Sr. professor of medicine.

Principal and controller.

S.M.S. Medical College & Hospital, Jaipur.

Honorary physician to H. E. Governor of Rajasthan.

Associate editor of International Journal of Diabetes in
Developing Countries.

3.) Dr. Rajeev Chawla.

MD, F Diab, FRSSDI, FACP (USA), FRCP U.K. (Edinburgh,
London), FACE (USA).

Director, North Delhi Diabetes Centre.

Honorary prof., Jaipur National University.

4.) Dr. Rajeev Gupta.

Preventive Cardiology & Medicine, Eternal Heart Care Centre
& Research Institute &.

Academic Research Development Unit, Rajasthan University
of Health Sciences,.

Jaipur, India.

5.) Dr. Arvind Gupta.

Senior consultant physician and head,.

Department of Diabetes, Obesity and Metabolic Disorders,.

Rajasthan Hospital, Jaipur.

6.) Dr. Sunil Gupta.

MD, FACE, FRCP (London, Edinburgh, Glasgow),.

FACP, FICP, FIAMS, FIACM, FRSSDI.

National Treasurer, RSSDI-HQ 2019-22.



International Journal of Diabetes in Developing Countries

Managing Director, Sunil’s Diabetes Care n’ Research Centre

Pvt. Ltd.

42, Lendra Park, Ramdaspeth,.

Nagpur-440010.

Maharashtra, India.

7.) Professor Sujoy Ghosh.

Dept of Endocrinology.

Institute of Post Graduate Medical Education and Research
Kolkata.

Room 9B. 4th floor. Ronald Ross building.

Institute of Post Graduate Medical Education and Research
Kolkata.

244 A ] C Bose Road, Kolkata, 700020.

8.) Dr. Shalini Jaggi.

Dip Diab (UK), Dip Endo (UK), F Diab, FRSSDI, FRCP
(London, Glasgow, Edinburgh).

Fellow American College of Endocrinology (FACE).

Consultant diabetologist and director.

Lifecare Diabetes Centre, New Delhi, National EC Member
RSSDI, Governing Council Member, DIPSI.

9.) Dr. Pratap Jethwani.

Fellow—RSSDI, Fellow—Diabetes India.

Consultant Diabetes Specialist, Jethwani Hospital, Rajkot.

National EC Member—RSSDI.

10.) Shashank Joshi.

Endocrinologist, Lilavati Hospital and Joshi Clinic.

Mumbai.

11.) Dr. Anand Moses.

Former Professor, Institute of Diabetology, Madras Medical
College,.

Chennai 34, Casa Major Road, Egmore, Chennai 600008.

12.) Dr. Anuj Maheshwari.

MD, FICP, FIACM, FIMSA, FRSSDI, FACP (USA), FACE
(USA), FRCP (London, Edinburgh).

Vice president, Research Society for Study of Diabetes in India

(RSSDI).

Professor and head, Department of Medicine, BBD University,

Lucknow.

Governor, American College of Physicians, India Chapter.

13.) Prof. Vijay Panikar.

Dept. of Endocrinology and Diabetes, Lilavati Hospital,
Mumbai.

14.) Dr. Sanjay Reddy.

MD, consultant diabetologist,.

Center For Diabetes & Endocrine Care.

Fortis Hospital, Cunningham Road, Bangalore.

15.) Dr. Rakesh Kumar Sahay.

Prof. and head, Department of Endocrinology.

OSMANIA Medical College, Hyderabad.

16.) Dr. Jugal Kishor Sharma.

MD (Med), FICP, FACP, FACE, FRCP (London, Edinburgh,
Glasgow, Ireland), FRSSDI, FIACM, FIMSA, FGSI, Fellow
Diabetes India, FISH.

17.) Prof. (Dr.) L. Sreenivasa Murthy.

M.D., FRCP (Edinburgh), FRCP (Glasgow), FICP, FRSSDI,
PDCR,.

Senior consultant physician.

Life Care Hospital and Research Centre.

Professor and head of unit.

Dr B R Ambedkar Medical College.

Bangalore.

18.) Dr. Vijay Viswanathan.

M.D., Ph.D., FRCP (London and Glasgow).

Head and chief diabetologist, M.V. Hospital for Diabetes,
Royapuram, Chennai.

President, Prof. M. Viswanathan Diabetes Research Centre,
Royapuram, Chennai.

(WHO Collaborating Centre for Research, Education and
Training in Diabetes).

President, D-Foot International, www.d-foot.org.

Vice president—Research Society for the Study of Diabetes—
RSSDIL

No.4, West Mada Church Street, Royapuram, Chennai - 600
013, Tamil Nadu, India.

Website: www.mvdiabetes.com.

19.) Dr. Mangesh Tiwaskar.

Consultant physician and diabetologist.

Karuna Hospital, Borivali West, Medical Center,.

Dabhisar (E), Mumbai, 400068.

20.) Dr. Narsingh Verma.

Professor and head, Department of Physiology, Officiating
Head Department of Family Medicine, KGMU, Lucknow.

21.) Dr. S.N. Narsingan.

MD, FRCP, FICP, Cardiology, Tamil Nadu.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


http://www.d-foot.org
http://www.mvdiabetes.com

International Journal of Diabetes in Developing Countries

Authors and Affiliations

Vasanth Kumar'? - Sanjay Agarwal®>*>® . Banshi Saboo®’ - Brij Makkar®®

1 Dia-Care Hormone Clinic, Ahmedabad, India

Apollo Hospitals, Hyderabad, India
2 President. RSSDI, Prune, India 8 President-Elect, RSSDI, Prune, India

Aegle Clinic-Diabetes Care, Pune, India °  Dr Makkar’s Diabetes & Obesity Centre, A-5B/122, Paschim
Department of Medicine and Diabetes, Ruby Hall Clinic, Vihar, New Delhi 110063, India
Pune, India

5 Secretary-General, RSSDI, Pune, India

% Immediate Past-President, RSSDI, Pune, India

@ Springer


http://orcid.org/0000-0002-8889-2626

	RSSDI Guidelines for the management of hypertension in patients with diabetes mellitus
	Abstract
	Introduction
	Definition of hypertension
	Classification of blood pressure
	Types of hypertension
	Based on causative factors
	Primary or essential hypertension
	Secondary hypertension

	Based on disease severity
	Resistant hypertension

	Hypertension in special populations
	Isolated systolic hypertension

	Other sub-types of hypertension
	White coat hypertension
	Masked hypertension


	Global and Indian scenarios of hypertension
	Prevalence of hypertension in patients with diabetes

	Good blood pressure measurement and its significance
	Office blood pressure measurement
	Ambulatory blood pressure and home BP measurement
	Blood pressure monitoring in patients with diabetes
	Digital mediums being used for blood pressure measurement in India

	Hypertension and diabetes: the relationship
	Hypertension-mediatedrelated conditions
	Hypertension, diabetes, and cardiovascular disorders
	Hypertension-mediated organ damage
	Hypertension and chronic kidney disease
	Proteinuriamicroalbuminuria and end-organ damage
	Hypertension and coronaryperipheral artery disease
	Hypertension-associated erectile dysfunction
	Hypertension and heart failure
	Hypertensive retinopathy
	Long-term effects of hypertension

	Hypertension: risk factors
	Methodology
	Managementtreatment
	RSSDI recommendations for the management of hypertension in patients with diabetes mellitus
	Summary of evidence


	Novel concepts in hypertension and future treatment molecules
	Summary
	Acknowledgments 
	References


