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ABSTRACT
Aim: Obesity is increasing globally by leaps and bounds and thus the incidence of type 2 diabetes mellitus (T2DM) along with it

so much so that the term diabesity had to be coined. Earlier we had reviewed how to treat the both together and the role of empagliflozin to improve cardiovascular outcome trials (CVOT). Similarly T2DM and hypertension are pathophysiologically-related
diseases which co-exist with a broader complex of metabolic diseases which co-exist possessing similar set of risk factors. Hence it
is important to consider which antihypertensives are suitable that possess a positive effect on metabolic factors in cases of T2DM
who require an antihypertensive.
Method: A systematic review was carried out using the PubMed search engine with the MeSH terms: “T2DM”; “essential hypertension; “cardiovascular (CV)”; “Complications of diabetes mellitus (DM) and antihypertensive”; “Antihypertensive preferred in
T2DM subjects”; “Renin-angiotensin–aldosterone system inhibitors”; “Angiotensin converting enzyme inhibitors (ACEi)”; “Angiotensin receptor blockers (ARBs)”; “Dihydropyridine calcium channel blocker”; “β2 blockers”; “Diuretics”.
Discussion: Most diabetes mellitus (DM) subjects need a minimum of two antihypertensive drugs, combining a renin-angiotensinaldosterone system (RAS) inhibitor with a dihydropyridine calcium channel blocker seems to be the most indicated approach. But
not all dihydropyridine calcium channel blockers have equivalent effects on metabolic parameters. Hence manidipine that causes
positive effect on insulin resistance (IR) seems to be an effective option. We have reviewed how manidipine is superior to amlodipine with regards to improving IR, not seen with amlodipine, along with not causing excessive sympathetic nervous system (SNS)
activation, pulse pressure and ankle edema or to much lesser extent than amlodipine. Therefore, manidipine needs to be the first
addition to RAS inhibitors in case of DM’s having hypertension of the dihydropyridines calcium channel blockers. Further good
blood pressure (BP) control been correlated with good CVs outcomes.
Conclusion: A RAS inhibitor is the first line of choice of drugs in a subject with T2DM who needs to be treated with empagliflozin
for better CVOT outcome, and when a 2nd drug has to be added it is manidipine that is preferred over amlodipine. Plant products are
proving to be having a lot of beneficial effects in DM, obesity and hypertension. Thus need for developing agents from plants will
prove to be more cost effective in these chronic diseases where compliance is difficult to achieve with the use of common antiDM
drugs and antihypertensives with the cost factor along with their side effects.
Keywords
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INTRODUCTION

W

ith increasing obesity there is simultaneous rise in comorbidities like diabetes mellitus (DM) and hypertension
(HTN), the commonest causes of cardiovascular diseases (CVD).
While DM has more than 2-3 times increase in the incidence of
ischemic heart disease in men than in women. The relative risk
for CVD morbidity and mortality in adults with diabetes ranges
from 1 to 3 in men and from 2 to 5 in women compared to those
without DM as per Rivellese et al.1,2 Other than DM, it has been
seen that roughly 54% of stroke, 47% cases relating to coronary
artery disease, with roughly 14% of mortality globally is attributed
to arterial hypertension.3 Analysis of data related to 11 researches involving 28,887 people between 35-74-years got included in
which total prevalence of hypertension turned out to be 47% in
men and 39% in women, and of DM 16% and 11% respectively.4
Since instance of obesity are rising out of proportion and although
only 171 million people having DM in 2000, the rough calculation
for 2030 is 350 million.5
Between DM and hypertension a close association gets reflected by patients presenting with DM have a doubling of chance
of hypertension, and conversely those individuals who had hypertension had a 2.5 times chance of developing DM.6 Thus over 60%
patients with DM have hypertension and with the acquisition of
albuminuria incidence of hypertension goes up to 90%.6 Further
in patients of DM roughly 75% of cardiovascular system (CVS)
outcomes are associated with hypertension.1,7 On the presence of
both further risk of CVS complications especially Coronary heart
disease (CHD).8 Hence controlling the risk factors control targets
that is recommended in DM is the best method of preventing CVS
risk in T2DM patients.9
Earlier we have concentrated on etiopathogenesis of
obesity, ways of improving medical management of obesity over
bariatric surgery, considering diabesity together for management
of obesity and DM. This article is a review of how to effectively
manage hypertension an important complication of obesity, that
has an effect on cardiovascular outcome trials (CVOT) outcome
of antidiabetic therapies10-19 and further the advantages and role of
manidipine over amlodipine addition to a renin-angiotensin–aldosterone system inhibitor is considered in detail.

chosen emphasized on treatment of obese subjects having both
T2DM as well as hypertension (Figure 1).
Figure 1. Overview of Literature Search with Inclusion Criteria

n=number; DM-Diabetes mellitus; HTN-Hypertension

CAUSES OF HYPERTENSION IN DM

Of the multiple explanations given i) increased activation of the
renin-angiotensin–aldosterone, ii) the sympathetic nervous system
(SNS), iii) oxidative stress, iv) low-grade inflammation status and v)
changes in the insulin–stimulated vasodilation, vi) impairment of
innate and adaptive immunity, vii) abnormal processing of sodium by kidney viii) along with presence of nephropathy have been
involved in causing both hypertension and DM.20 How many of
these factors operate in an isolated patient differs between subjects
although all of these may contribute to the change in homeostatics
of the patient.20-22 Further the increase in adipose tissue (AT) and
obesity have an impact on etiopathogenesis of DM and hypertension. The chronic low-grade inflammations, along with oxidative
stress present in AT of obese subjects stimulate the activation of
renin-angiotensin–aldosterone system.10-13 Further viii) leptin that
is an adipokine that is synthesized by AT is elevated in obese individuals, that stimulates the SNS.20

RESULTS

There is 50% presence of insulin resistance (IR) in hypertensive patients that causes damage to the vessels, which includes
abnormal function, stiffness of vessels, hypertrophy, fibrosis and
remodeling. Additionally, IR increases sympathetic output and aids
in sodium reabsorption in the diluting segment of the distal nephron, causing reduced sodium excretion and ultimately higher blood
pressure (BP) levels. Further IR also promotes renin-angiotensinaldosterone system. Higher insulin volume along with sodium retention in the kidney along with activation of the SNS.20-23 Conversely oxidative stress because of reactive oxygen species (ROS)
synthesis helps in the development of further IR, DM along with
hypertension.20,23

We found a total of 2131 articles out of which we selected 104
articles for this review. No meta-analysis was done. The articles

Activation of SNS is seen in cases of essential hypertension and DM. Though lot of factors are responsible for this,

METHODS

A systematic review was carried out using the PubMed search
engine with the MeSH terms: “T2DM”; “essential hypertension;
“cardiovascular (CV)”; Complications of DM and antihypertensives”; “Antihypertensives preferred in T2DM Subjects”; “Reninangiotensin-aldosterone system inhibitors”; “Angiotensin converting enzyme inhibitors (ACEi)”; “Angiotensin receptor blockers
(ARBs)”; “Dihydropyridine calcium channel blocker”; “β2 blockers”; “Diuretics”.
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like genetic influence, increased salt intake, sedentary lifestyle, with
obesity being an important factor. Obesity helps in SNS activation via a lot of modes like i) increased–sodium–intake–associated methods, ii) cardiopulmonary reflex function abnormality,
iii) renin-angiotensin–aldosterone system activation, iv) baroreflex
abnormal function, v) chemoreceptor function abnormalities, vi)
central factors, vii) changes in insulin, leptin amounts or ix) ROS,
x) Nitric Oxide (NO) balance problems. This abnormality in the
balance might get partly resolved by chronic intake of certain long
acting dihydropyridine calcium channel blockers.21,24-26 Increased
platelet aggregation, with presence of abnormal balance between
coagulation and fibrinolysis are other factors attributed to the procoagulant state that has been demonstrated in subjects of DM and
hypertension.2,20,21
Use of Antihypertensive Agents in Subjects with T2DM and
Hypertension

As per the United Kingdom Prospective Diabetes Study (UKPDS) in T2DM, it was demonstrated that once 10 mmHg systolic
blood pressure (BP) reduced, a decrease in complications of DM
by 12% (p<0.0001), decrease in mortality related to DM by 15%
(p<0.0001), with microvascular side effects by 13% (p<0.0001), reduced myocardial infarction (MI) by 11% (p<0.0001). What was
important was that decreasing BP had more benefits with regard
to CVS events than glycaemic control per se.27
Although the observational studies have indicated that
the lesser, the better for BP in DM, only benefits seen on macro
and microvascular side effects once decrease BP upto <140/90
mmHg in DM as per randomized controlled trials (RCTs). Moreover in certain high-risk hypertensive patients with DM, increased
fall in BP might cause harm.28 Like in ACCORD (Action to Control Cardiovascular in DM trial), where 4,733 subjects with T2DM
got randomized to a systolic BP goal <120 mmHg (intensive therapy) or <140 mmHg (standard therapy), the risk for the primary
outcome was same in both groups following a mean follow-up of
4.7-years. But aggressive therapy was correlated with decreased risk
of stroke (HR 0.59; 95% CI 0.39-0.89), but with increased risk of
serious side effects secondary to antihypertensive agents.29 Lower
total mortality risk (RR 0.73; 95% CI 0.53-1.01), was observed in
another study that evaluated 5 clinical trials, where decrease of BP
(128/76 vs 135/83 mmHg) in cases of DM was achieved.30 In view
of that the BP targets have been reconsidered in patients with both
DM and hypertension.28 Thus in contrast to the earlier recommendations of BP < 130/80 mmHg for diabetics, recent recommendations are a BP target of <140/85 mmHg (European Society
of Hypertension/European Society of Cardiology) or <140/90
mmHg (Eigth Joint National Committee and American Society of
Hypertension/International Society of Hypertension.31,32 Contrary
to that epidemiological studies have revealed that though the last
year BP control has become better, the actual fact is that a less
number of subjects having hypertension and DM do not achieve
BP goals at present.33
Though all first line antihypertensive drugs decrease BP
similarly, and thus can be used in DM, it has been seen that reninSystematic Review | Volume 7 | Number 1|

angiotensin–aldosterone system inhibitors give added benefits on
both CVS along with renal outcomes beyond only BP regulation
in these subjects.26-28 Meta-analysis carried on 10 RCT studies having a total of 21,871 subjects with hypertension and T2DM which
evaluated the effects of Angiotensin-converting-enzyme inhibitors
(ACEi) and angiotensin receptor blockers (ARBs) on CVS events
demonstrated that the total treatment with ACEi/ARBs markedly
decreased the risk of CVS events by 10% and risk of CVS deaths
by 17%.34
Further therapy using ACEi/ARBs has been observed
to help in avoiding or minimal delay the formation of nephropathy in subjects with T2DM. Hence in a meta-analysis comprising
of 28 studies, where 18 studies ACEi/ARBs vs active drugs, 31
comparisons and 13 studies compared ACEi/ARBs vs placebo, 20
comparisons as compared to other antihypertensives, inspite of
similar decreases in BP, therapy with ACEi/ARBs was correlated
with marked reduction in risk of serum creatinine doubling along
with macroalbuminurea. Further the number of patients who
demonstrated albuminurea disappearance were more in patients
treated with ACEi/ARBs. Additionally a lesser chance of endstage renal disease and microalbuminuria was seen in the ACEi/
ARBs group.35 But use of ACEi or ARBs is of special use, various
clinical trials have shown combining the two needs to be avoided,
as no benefit is seen with more chance of side effects.36 Hence unless contraindicated every subject with T2DM with hypertension
should be treated with a ACEi or an ARB.31,32
Nevertheless it has been shown that approximately 75%
of subjects of T2DM with hypertension will need a minimum of
2 antihypertensives for attaining the BP target.33-36 Earlier traditions involved in maximum cases use of a renin-angiotensin–aldosterone system inhibitor along with a thiazide–like diuretic or
a calcium channel blocker. But avoiding cardiovascular events in
combination therapy in patients living with systolic hypetension
(ACCOMPLISH) trial demonstrated in 11,506 subjects who were
high-risk hypertensives that combination of an ACEi with a dihydropyridine calcium blocker decreased the risk of CVS events
when compared with ACEi along with a hydrochlorothiazide.37
These results were counter checked in the subgroup of patients
having T2DM. Hence in this subgroup in contrast to hydrochlorothiazide group the combination with the calcium blocker decreased
the risk of CVS death, MI, stroke, hospitalization secondary to
angina, resuscitated arrest and coronary revascularization by 21%
(HR 0.79; 95% CI 0.68-0.92, p=0.03). Importantly coronary events
along with revascularization were decreased in those subjects treated with ACEi with a dihydropyridine calcium blocker.38 Thus if
combined therapy needed for treating T2DM with hypertension,
a combination of renin-angiotensin–aldosterone system inhibitor
with a dihydropyridine calcium blocker needs to be given preference.
Calcium Channel Blockers in T2DM with Hypertension

In all calcium channel blockers decrease BP with efficacy, and
tolerated well. They get used for T2DM with hypertension with
great frequency. Like in Reduction of Endpoints in NIDDM with

Kaur KK et al

3

Obes Res Open J. 2020; 7(1): 1-13. doi: 10.17140/OROJ-7-141

the Angiotensin II Antagonist Losartan (RENAAL) study, where
1,513 subjects with T2DM and nephropathy got randomized for
losartan/placebo besides receiving conventional antihypertensives,
approximately 80% of patients in both groups were given calcium
channel blockers for getting the BP targets.39
Most of the studies have evaluated the actions of calcium
channel blockers on CVS outcomes in subjects with T2DM with
hypertension. In the appropriate blood pressure control in diabetes
(ABCD) study, as compared with enalapril, therapy with nisoldipine, correlated with markedly there are more chances of fatal along
with non-fatal MI, of these patients who were cases of non-insulin
DM and hypertension.40 In case of fosinopril versus amlodipine
cardiovascular events randomized trial (FACET) study, although
BP got decreased to the same amount, with no variations in total
serum cholesterol, high-density lipoprotein (HDL) cholesterol, hemoglobin A1C (HbA1c), fasting serum glucose or plasma insulin
between groups, those subjects who were randomized for receiving
fosinopril had significantly reduced chances of any major vascular
problems, in contrast to those getting amlodipine in cases of noninsulin DM and hypertension.41 Conversely in irebesartan diabetic
nephropathy trial (IBNT), where 1,715 adult subjects having diabetic nephropathy and hypertension were randomized for getting
irebesartan, amlodipine or placebo besides receiving conventional
antihypertensives, time till CV death, MI, congestive heart failure
(CHF), strokes and coronary revascularization happened similarly
in the 3 groups. But in those getting amlodipine showed significantly decreased rate of MI as compared to placebo (HR 0.58; 95%
CI 0.37-0.92; p=0.02).42 In the huge subgroup of subjects with DM
(n=5137) that were included in the BP decreasing arm of angloscandinavian cardiac outcome trial (ASCOT) study those getting
amlodipine based therapy (where perindropil addition could be
done if needed) correlated with a decrease in the incidence of the
composite endpoint of total CVS events along with procedures, as
compared with atenolol based regimen (thiazide could be given if
needed) (HR 0.86 95% CI 0.76-0.98; p=0.026). Additionally, amlodipine based therapy was correlated with decrease in fatal and nonfatal strokes, peripheral arterial disease (PAD), and noncoronary
revascularization.43
From these data it is clarified that although renin-angiotensin–aldosterone system inhibitors need to be considered to be
the 1st line therapy for treating subjects who were cases of DM and
hypertension, when a 2nd antihypertensive is needed for achieving
BP control, it needs a calcium channel blocker with a renin-angiotensin–aldosterone system inhibitor has been demonstrated to be
possessing complementary modes of action which increase their
efficacy, with low chance of side effects.2,44
Role of Metabolic Control in T2DM with Hypertension

For CVS risk reduction in all in cases of DM, best method is the
comprehensive management of all CV risk factors. But some antihypertensives might cause effects on metabolic parameters that
are not favourable and need to be used only when the indication
is very high, and are avoidable in subjects of DM or at risk of developing DM, like patients having metabolic equivalents (METs).
In contrast those anthypertensives displaying a neutral/favourable
4

metabolic parameters are the ones required to be used in such subjects preferably.2,45
As per many works renin-angiotensin–aldosterone system inhibitors display good effects on the glucose homeostasis. In
a meta-analysis, that evaluated the actions of renin-angiotensin–aldosterone system inhibitors on the chances of new onset DM, 10
RCTs (8 regarding hypertensive population and 2 in heart failure
patients) were the inclusion criteria. While 7.4% of patients getting
ACEi or an ARB, had showed new onset DM, that happened in
9.63% of controls (relative risk reduction 22%; 95% CI 18-26%;
p<0.00001). This effect that was of benefit was same irrespective
of the type of renin-angiotensin–aldosterone system inhibitor utilized (ACEi or an ARB), the type of comparison drugs (placebo or
beta blockers/diuretics or amlodipine) or the king of basic condition (hypertension, heart failure).46 In another recent meta-analysis
it has been demonstrated that ACEi decreases the chances of new
onset DM in comparison with beta blockers/diuretics by 22% and
with calcium channel blockers by 15%.47 Same group observed in
another meta-analysis, a reduction in new onset DM with use of
ARB as compared with beta blockers/diuretics by 27%, and placebo by 12% and with calcium channel blockers by 24%.48 This data
is not astonishing in view of renin-angiotensin–aldosterone system
having a crucial part in the etiopathogenesis of both hypertension
and metabolism of glucose.45
Into a calcium channel blockers possess a neutral effect
on metabolism of glucose. Hence a meta-analysis of 10 RCT, in
which 108,118 hypertensive subjects with preexisting DM, calcium
channel blockers correlated with a increases the chance of DM in
contrast to ACEi or ARB, but with lesser chance in comparison
with beta blockers/diuretics.49 Same results have been obtained
from other meta-analysis.50 Yet not all calcium channel blockers
possess the same effects on metabolism of glucose, like some researchers demonstrated azelnidipine could abrogate IR.51 But the
results got from manidipine on benefitting in IR have more consistency.52,53
In contrast, in aggregate, beta blockers/diuretics are
shown to possess unrewarding results as far as glucose homeostasis is concerned.48 Actually various studies have demonstrated that
therapy with beta blockers causes higher chances of DM development. A Meta-analysis involving 94,492 subjects with hypertension
getting therapy with, beta blockers, enhanced risk of new onset
DM by 22% (RR 1.22, 95% CI 1.12-1.33) in comparison to nondiuretic antihypertensives. Risk of DM was increased with atenolol.54 But not all beta blockers are harmful with regard to glucose
homeostasis. Most of the studies have revealed that beta blockers
like bisopropol, carvedilol or nebiviol might not affect glucose homeostasis in a negative way.55
All over the world diuretics enhance the risk of new onset DM. Hence in a meta-analysis, where 48 randomized groups
out of 22 clinical trials that involved 143,153 subjects, not having DM at the time of randomization, the chance of DM with
antihypertensives was least ARB and ACEi followed with calcium
channel blockers and placebo beta blockers and diuretics in this
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order.56 But just like with beta blockers, all diuretics don’t have the
similar effect on glucose homeostasis. Hence it appears possibly
chlorthalidone’s metabolic profile might be helpful in contrast to
other thiazide or thiazide like diuretics.45,57 Other workers revealed
that amiloride and hydrochlorothiazide decreased BP to a similar
amount, therapy with hydrochlorothiazide was related to escalation
of glucose levels following a 2-hours glucose tolerance test but not
with amiloride.58 In case of eplerenone in mild patients hospitalization and survival study in heart failure (EMPHASIS-HF) study
tried to evaluate the efficacy of Eplerenone along with conventional therapy on clinical results in 2,737 subjects with systolic heart
failure and mild symptoms in those subjects with DM at baseline
(n=1846), Eplerenone did not enhance the chances of new onset
DM (HR 0.94, 95% CI 9.59-1.52).59
Arterial Hypertension and Adrenergic Tone

In the pathophysiology of hypertension, along with metabolic
control SNS plays a crucial role. Chronically enhanced sympathetic
tone helps in increasing formation of obesity, hyperglycemia, IR
and hypertension.21,24,60 Further escalated sympathetic activation
system might enhance pulse pressure. Its relevance is demonstrated by poor correlation of more than than pulse pressure with
worst CVS prognosis is seen.61
First development of dihydropyridine calcium channel
blockers had the characteristic of rapid release, and short lifetime,
with rapid absorption. Hence tachycardia with sympathetic activation was prevalent. In contrast last generation of dihydropyridines
have the properties of long life and thus prolonged action, resulting in low sympathetic activation. Hence these latter drugs possess
better CVS along with tolerability profiles.52,53 Inspite of this it is
not that all 3rd generation dihydropyridine calcium channel blockers have similar action on sympathetic activation.62,63
Further Benefits of Manidipine on BP Control

A third generation dihydropyridine calcium channel blocker,
manidipine reduces BP levels with a maintainance of effect over
24-hours, without any significant hydroxyethylrutosides (HR) rise
or cardiac output increase.64 Variety of studies have evaluated the
antihypertensive efficacy of manidipine.62,63,65-70 As per these studies
manidipine decreases levels of BP in an equivalent way to enalapril,
lisinolipril, or amlodipine, of the other antihypertensives. Hence in
a study carried out in T2DM and hypertension, following 24-hours
of therapy 10 mg manidipine and 10 mg enalapril decreased BP
levels equally (-23/-13 and -20/-12 mmHg, respectively. p<0.01
vs baseline; p=NS between groups.65 A European randomized
double blind, multicentre and parallel group (MAISH) study had
195 subjects ≥60-years-old, having isolated systolic hypertension
got manidipine 10-20 mg once daily or amlodipine 5-10 mg once
daily. Chlorthalidone 25 mg once daily could be added in case of
uncontrolled BP inspite of high dose manidipine or amlodipine
therapy. Following 12-weeks of therapy same decreases in systolic
BP got seen in both groups (-19.5 and-18.4 mmHg, respectively;
p=NS). Another meta-analysis that included 4 RCT’s head to head
of minimum 12-months of therapy that compared the effectiveness of 20 mg manidipine with that of 10 mg amlodipine therapy,
Systematic Review | Volume 7 | Number 1|

838 subjects got evaluated (for 20 mg manidipine group (n=436),
for amlodipine group (n=402). An equivalent antihypertensive efficacy was observed for both (for diastolic BP effect size=-0.08
and for systolic BP=-0.01(p=NS for both systolic and diastolic
BP).69 From all the above results, it is clear that as monotherapy
manidipine is efficacious. But many studies have illustrated that
manidipine could be utilized as add on therapy, especially to reninangiotensin–aldosterone system inhibitors. Hence in non-comparative along with open label study 136 subjects having T2DM with
unregulated hypertension inspite of combined low dose diuretic
with ACEi or ARB, supplementation of manidipine 10-20 mg/
day decreased BP by roughly -22/-9 mmHg (p<0.001) following
6-months of therapy.71
A common side effect of DM and hypertension is microalbuminurea. Importance of this lies in the marked correlation
of microalbuminurea with higher CVS risk.31 Decreasing BP to
recommended goals is essential for decrease of urine albumin excretion rates, some antihypertensives have revealed more benefits
that goes further than only BP regulation. Related to this ACEi or
ARB, and not both at the same time, remain the drugs preferred
for treating patients with DM and hypertension, especially those
presenting with microalbuminurea.31,32 Comparison of combination of benazepril with hydrochlorothiazide in the ACCOMPLISH
trial demonstrated that the earlier antihypertensive therapy using
benazepril with amlodipine reduced the progression of of manidipine nephropathy to a higher amount.72 This matches the results
of a study demonstrated in a hypertensive group of subjects having DM microalbuminurea along with unregulated BP inspite of
therapy with candesartan, where in comparison to adding hydrochlorothiazide 12.5 mg/day further addition 10 mg/day decreased
urine albumin excretion rates upto a higher rate inspite of similar
BP decrease.69
But importantly not all calcium channel blockers provide
the similar renal protection. The situation is, as per variety of studies in hypertension with or without DM, that manidipine results
in greater renal protection, in comparison to amlodipine, inspite
of equivalent BP decrease, either alone or in addition to reninangiotensin-aldosterone system inhibitors.62,63 Hence evaluation
of AMANDHA study utilizing multivariate analysis, the treatment
that had been compared (manidipine vis-a-vis amlodipine) showed
an independent correlation with alterations in urine albumin excretion.73 These variations get understood by that amlodipine blocks
only L-type calcium channels, while manidipine blocks both L- and
T-type calcium channels. L-type receptors are only situated in the
afferent arterioles but not in efferent arterioles. Hence on blocking
L-type calcium channels, vasodilation gets limited to afferent arterioles, which ends in glomerular hypertension and hence as a result
increased urine albumin excretion. In comparison T-type calcium
channels being present in both afferent and efferent arterioles,
blocking these receptors ≥ vasodilation of both arterioles, thus
causing a decrease in intraglomerular pressure and hence decreased
urine albumin excretion rates.62,74-76
The most common adverse effect of dihydropyridones is
ankle oedema. Cause of ankle oedema with dihydropyridones calcium channel blockers, is a rise in intracapillary pressure, because
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of selective enhancement of postcapillary tone due to sympathetic
activation. As not all calcium channel blockers have similar action
causing sympathetic activation, risk of ankle oedema might differ between a variety of dihydropyridones. Thus a meta-analysis,
where amlodipine was compared with manidipine, a 65% lower
risk of development of ankle oedema (RR 0.35; 95% CI 0.23-0.54;
risk difference 11.3; 95% CI 7-16%) was there. Further as reninangiotensin–aldosterone system inhibitors dilate the arteriolar
vascular bed and venous capacitance vessels, that cause a decrease
in intracapillary pressure, adding renin-angiotensin–aldosterone
system inhibitors with dihydropyridones calcium channel blockers
might decrease the ankle oedema related to dihydropyridones.44,62
Hence in a study which included patients with untreated hypertension, adding delapril to manidipine, in part had a counter effect
on the microcirculatory effects caused by manidipine that led to
oedema. In this 3-way crossover study, in 3 subjects clinically appreciable ankle oedema were following manidipine monotherapy,
and 1 patient with the combination of delapril and manidipine.68
Metabolic Effects of Manidipine

Several studies have pointed that manidipine improves insulin sensitivity by helping in the development along with differentiation of
adipocytes, along with retaining peroxisome proliferator-activated
receptor-gamma (PPAR-γ) action.52,53,77 These have been demonstrated with manidipine in both when used as monotherapy, along
with use in combination with renin-angiotensin–aldosterone system inhibitors.
Evaluation of metabolic effects of 10 to 20 mg manidipine once daily for 12-weeks was carried out in an open label
and non-comparative study demonstrated in 102 cases of stage
I-II essential hypertension from both sexes. No changes in metabolic parameters like fasting plasma glucose, total high-density lipoprotein (HDL), and low-density lipoprotein (LDL) cholesterol,
triglycerides along with insulin sensitivity index was observed significantly.78 Another study conducted in hypertensive subjects ≥
70-years, therapy with manidipine for 6-months was not correlated
with changes in glucose or lipid parameters, though a pattern of
decreased triglycerides levels was seen.79
Japanese essential hypertension patients with non-insulin dependent DM were treated with manidipine or delapril for
3-months, that was an open trial, in which an improved insulin
sensitivity index along with glucose effectiveness was seen. Further no differences between plasma glucose, total cholesterol and
triglycerides or lipoprotein cholesterol fractions along with body
weight was observed.80 A multicenter trial that was double-blinded
tried to find the difference in effectiveness along with safety profile of manidipine and enalapril in patients presenting with T2DM
with hypertension for 24-weeks demonstrated marked decreases in
HbA1c from 6.7% to 6.2% and blood glucose levels from 152 to
143 mg/dL, only in the manidipine group (p<0.05). No significant
alterations were seen regarding other metabolic parameters.65
Actions of combination of manidipine with ACEi on
insulin sensitivity and metabolic inflammatory and prothrombic,
markers were evaluated in the MARCADOR study. This study
6

possessed a prospective randomized open, blinded end-point
(PROBE) design, where 120 subjects ranging from 35-75-years
having stage I-II essential hypertension along with MetS were randomized to get either amlodipine 10 mg, temisartan 80 mg, manidipine 20 mg or manidipine 10 mg with lisinopril 10 mg. Following
14-weeks of therapy in contrast to amlopdipine, manidipine 20
mg, this group had a significantly better efficacy on IR (-26.5% vis
a vis -3.0%), LDL cholesterol (-6.8 vis a vis +1.7%) and other metabolic factors. While manidipine correlated with slight rise in insulin
sensitivity than manidipine with lisinopril, this combination had
much greater efficacy regarding improvement of other metabolic
factors from amlodipine, temisartan, manidipine combination.81
MARIMBA Study had 64 patients without DM but having MetS,
along with impaired fasting glucose (>5.6 nmol/l) and hypertension, had a randomization for manidipine 20 mg or amlodipine 10
mg for 12-weeks. Although equal decrease in BP was observed with
both, plasma adiponectin, (that reflects inverse correlation with the
formation of IR and MetS) was enhanced (32.9%; p=0.011) and
plasma TNF-α was decreased by manidipine (-37.1%; p=0.019),
but no significant alteration occurred in either with amlodipine,
the HOMA insulin resistance index was decreased by manidipine
significantly (-21.3%; p=0.007) but not through amlodipine (-8.3%,
p=0.062).
Regarding the AMANDHA study, effectiveness, with
safety of addition of manidipine 20 mg or amlodipine 10 mg over
and above the treatment of subjects having DM and uncontrolled
hypertension with microalbuminurea, inspite of treatment using
whole dosage of a renin-angiotensin–aldosterone system inhibitor
for 6 months mimimum got evaluated by both therapies. Equivalent reduction of BP took place with both.62 Post adhoc evaluation, insulinization rates and alterations in insulin dose during the
study got examined. Oral antidiabetic use and insulin got adjusted during the study as per the local practice. HbA1C at baseline
was 8.1±1.1% in the manidipine group 8.2±1.0% in amlodipine
one. Following 2 years of therapy was 7.6±1.3% and 7.9±0.9%
respectively (p=NS). 72.2% patients treated with manidipine and
73.3% treated with amlodipine were receiving insulin therapy. Of
these dosage of insulin was 0.47±0.13 U/Kg and 0.44±0.16 U/
Kg respectively. Following 2 years of therapy insulin dosage was
0.36±1.1 U/Kg and 0.51±1.7 U/Kg respectively (p[manidipine vs
baseline]=0.031; p[manidipine vs amlodipine=0.012]). Additionally,
of those not getting insulin therapy at baseline, 11.8% of patients
of manidipine group and 50% of those from amlodipine one had
to initiate insulin therapy during the study (RRR 76.4% absolute
risk reduction 38.2%; odds ratio 7.5)
Fogari R et al compared the actions of manidipine with
dalapril vis a vis olmesartan/hydrochlorthiazide combination treatment in old patients with DM and hypertension, and randomized
158 subjects to get 10 mg manidipine with 30 mg dalapril or 20 mg
olmesartan with 12.5 mg hydrochlorthiazide for 48-weeks duration. Once the study finished, inspite of similar decrease in sitting
BP, no alterations in metabolic profile was seen with manidipine
with dalapril, a rise in HbA1c (±0.4 mg/dL; p<0.05), and triglycerides (+41.3 mg/dL; p<0.05), and decrease in HDL-Cholesterol
(-3.4 mg/dL; p<0.05), were observed in olmesartan/hydrochlorthiazide Group.82 Another study carried out in 88 obese hyper-
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tension subjects, manidipine with dalapril group but not olmesartan/hydrochlorthiazide group significantly reduced IR along with
plasma fibrinogen levels, inspite of similar BP reducing effectiveness.83 One more study by Kohlmann et al. In patients with DM
and hypertension with microalbuminurea, showed that while BP
reducing effectiveness was equivalent in both groups following
1-year of follow-up, a pattern of decrease in blood glucose levels
from baseline with manidipine with dalapril group (mean change
-0.2 mmol/L; p=0.064), but not with losartan/hydrochlorthiazide
combination.84
Further there are reports regarding strong statins having the capacity to help in DM development.85 Liberopoulos et
al86 tried comparing manidipine 20 mg with rosuvastatin 10 mg
with olmesartan 20 mg with rosuvastatin 10 mg on markers of
IR in subjects having dyslipidemia, hypertension and impaired
fasting glucose 3 months of therapy, significant enhancement of
HOMA-IR index by 14% (from 2.4 to 2.7; p=0.02 vs baseline) was
documented for olmesartan with rosuvastatin, while no significant
alteration was found with manidipine with rosuvastatin (1, 7 to 1.7,
p=NS vs baseline, p=0.04 vs olmesartan with rosuvastatin group).
Additionally, increased fasting insulin was seen in olmesartan with
rosuvastatin group (from 10.1 to 10.9 µU/mL; p<0.05 vs baseline) but not with manidipine with rosuvastatin (from 7.3 to 7.59
µU/ml; p=NS vs baseline, p=0.02 vs olmesartan with rosuvastatin
group). No changes in fasting plasma glucose or glycosylated haemoglobin was seen in either group. Thus this reveals that manidipine abrogates the probable statin–related enhancement of IR in
comparison with olmesartan.86
A study particularly having a design for evaluating the action of various dihydropyridine calcium channel blockers (amlodipine 5-10 mg, felodipine 5-10 mg, lacidipine 4-6 mg and manidipine 10-20 mg), for 24-weeks on plasma norepinephrine in essential
hypertension subjects, a significant elevation in plasma norepinephrine concentration were seen with amlodipine and felodipine
(+34.9% and +39.4% respectively; p<0.001 vs placebo) but not
with lacidipine (+7.1%; p=NS) and manidipine (+2.9%; p=NS).87
Conversely, a study comparing actions of manidipine with dalapril
and irbesartan–hydrochlorthiazide combinations on fibrinolytic
action in hypertension subjects with T2DM, where although manidipine with dalapril combinations increased fibrinolytic action, this
function was worsened with irbesartan –hydrochlorthiazide combinations.88 Variations in SNS activation stimulated with chronic
therapy with dihydropyridine calcium channel blockers along with
various functions on fibrinolytic function might affect the CVS
outcomes. Actually studies showed that simvastatin with manidipine interaction a positive way in heart protection from ischemiareperfusion injury.89
Lastly, as variations in sympathetic excessive activation
following arterial vasodilation have been demonstrated to have
variations in ankle oedema rates, calcium channel blockers which
activate SNS to a minimum amount might cause less chance of
ankle oedema.61 This is observed with manidipine in contrast to
amlodipine.90
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Further in the ONTARGET/TRANSCEND studies, Bohm et al
identified 11,487 patients with DM or without DM19450 patients
out of a total of 30,937 subjects, picked up from 133 centres from
44 countries, having a median follow-up of 56-months. These patients had a history of stroke, MI, PAD or were high-risk diabetics. Patients in ONTARGET were randomized to ramipril 10 mg,
telmisartan 80 mg daily, or the combination of both. Patients in
TRANSCEND were intolerant to ACE and thus randomized to
telmisartan 80 mg daily or matching placebo. Evaluation of association of mean achieved initial systolic blood pressure (SBP) and
diastolic blood pressure (DBP) with composite outcome of CV
death, MI, stroke and hospitalization for CHF, the components
of the composite, and all cause death. In patients with DM, event
rates were higher across the whole spectrum of SBP, and DBP as
compared to those without DM (p<0.0001 for the primary composite outcome, p<0.01 for all other events). Mean achieved in trial
SBP≥160 mmHg was related to an enhanced risk for the primary
outcome [DM/No DM; adjusted HR 2.31 (21.93-2.76)/1.66 (1.352.02)] compared with non DM with SBP 120 to <140 mmHg],
with equivalent observations for all other endpoints in patients
with DM, and for MI and stroke in patients without DM. Initial
SBP < 120 mmHg correlated with greater risk for the combined
outcomes in patients with DM [HR 1.53 (1.27-1.85)], and for CV
death and all cause death in all patients. Intrial DBP ≥ 90 mmHg
correlated with higher risk for the primary outcome [DM/No
DM: HR 2.32(1,91-2.82)/1.61(1.35-1.93) as compared with nonDM with BP 70 to <80 mmHg], with equivalent observations for
all other endpoints, but not for CHF hospitalizations in patients
without DM. Initial DBP<70 mmHg correlated with >risk for
the combined outcomes in patients (DM/No DM:HR1.77 (1.512.06)/1.30(1.16-1.46)), and also for all other endpoints except
stroke. Thus concluding treatment BP levels (≥160 or ≥90 mmHg
correlated with hgher risk of CVS outcomes and death. Further
even low-levels (<120 or <70 mmHg correlate with higher CVS
outcomes (except stroke) and death. Subjects with DM possess
consistently higher risks over whole BP range, that suggests that
optimal BP goals has biggest impact in this group. These results
favour guidelines taking lower BP boundaries into consideration,
especially in DM.91
DISCUSSION

T2DM with hypertension subjects demonstrate a high CVS risk.1-3
The American Diabetes Association (ADA) guidelines give a target of 140/90 mmHg for subjects with T2DM (A is the level of
recommendation) but a value of <130/80 mmHg is alright for
some diabetics having higher risk of CVD, if attained without any
treatment burden (level of recommendation C).92 A lot of subjects
with T2DM with hypertension don’t achieve these BP targets.29,30
Actually most of subjects with T2DM with hypertension will need
a minimum of 2 drugs for reaching these BP targets.33,93 The ADA
guidelines distinguish recommendations on the basis of CVD risk.
High-risk subjects with T2DM need to have a BP<130/80 mmHg
while subjects having low CVD risk need to have a BP>140/90
mmHg.
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A practical method is needed to decrease risk of CVS in
T2DM.2,45 Thus in these subjects preferably use of antihypertensives drugs which have shown a positive action on metabolic factors. Thus utilization of an ACEi or ARB, but not the two together
is important26,92,94 following the ACCOMPLISH Trial, further use
of dihydropyridine calcium channel blockers as add on therapy is
recommended on need.37,38
But not all dihydropyridine calcium channel blockers
are equivalent as far as their effects on metabolic factors are concerned. Manidipine has a positive action on these metabolic factors, helping in reducing insulin dosage in contrast to amlodipine.68
Additionally, manidipine has positive actions regarding oxidative
stress has been documented.94 Far less SNS activation, thus lower metanephrines, HR, PR, ankle oedema and better in DM with
MetS.
The ONTARGET/TRANSCEND studies, in large
number of subjects showed that with DM, Bohm et al showed
that BP levels (≥160 or ≥90 mmHg correlated with higher risk
of CVS outcomes. Further even low-levels (<120 or <70 mmHg
correlate with higher CVS outcomes (except stroke) and death.
Subjects with DM possess consistently higher risks over whole BP
range, that suggests that optimal BP goals has biggest impact in
this group. These results favour guidelines taking lower BP boundaries into consideration, especially in DM.
CONCLUSION

Therefore, the drug of choice in subjects presenting with T2DM
with hypertension remain renin-angiotensin–aldosterone system
inhibitors. If a 2nd antihypertensive is required, a dihydropyridine
calcium channel blocker needs to be opted for, where manidipine
is a much better choice in contrast to amlodipine. Gupta et al analyzed prescriptions in consecutive patients with T2DM at 9 sites in
India, of which hypertension therapy details were available in 8056
of 8699 subjects (n=4829 men, n=3227 women), no hypertension
was present in 3300 (40.9%) hypertension in 3625 (45.0%) hypertension with vascular disease in 1131(14.0%). In DM patients having no hypertension, hypertension and hypertension with vascular
disease, respectively prescription in antihypertensives drugs was:
renin-angiotensin–system (RAS) blockers in 19.4, 48.2 and 58.1%,
beta blockers in 4.8, 31.6 and 38.8%, calcium channel blockers in
0.4, 27.4 and 14.3% and diuretics in 0.6, 36.4 and 17.1%. ACEi
were prescribed is more than ARB’s in hypertensive diabetics (60.7
vs 39.2%) along with in DM patients having vascular disease (58.6
vs 41.4%). In DM with hypertension (n=3625), prescription of 1,
2 or 3 antihypertensives drugs was 49.8%, 33.7% and 3, 5%, while
statins was prescribed in 54.1%. Thus they demonstrated that use
of ACEi or ARB’s in both uncomplicated hypertensives patients
with T2DM remains suboptimal. Most of the patients are on 1
drug and prescription of ≥ 3 drugs are rare with statins being
prescribed only in 50% subjects.96 This is one example of how
>2 antihypertensives are not being used currently in most of the
world, which needs, emphasis. Like we had earlier emphasized on
the importance of use of empigliflozin in treatment of T2DM for
a better CVOT,97 similar results have been emphasized by the EMPRISE study results.98 Huang et al in a retrospective study on the
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risk of new onset DM (NOD) with antihypertensive drugs found
that after adjusting all parameters, risk of NOD was highest with
thiazide diuretics and nondihydropyridones CCB’s were at higher
risk of developing NOD in Taiwan.99 Further as we have been
emphasizing on the use of plants products like monoterpenes and
other plant products like PTB Inhibitors (unpublished observations), Chukwama et al reviewed 64 studies with plant species that
matched there selection criteria. Members of the Fabaceae family
were the most investigated plants, while the ω greatly varied across
the plants, with only 11 plants having a ω=1. Withania somnifera
Dunal was the only plant reported to show blood glucose lowering
and diuretic effect in humans compared to daonil. Caffeic acid,
chlorogenic acid, caftaric acid, cichoric acid, verbascoside, leucosceptoside, fucoxanthin and nicotinamide were the reported dual
acting antidiabetic and antihypertensive compounds pointed and/
or isolated in the plants. Thus suggesting that medicinal plants
have different therapeutic dynamics against hypertension and DM
which might get exploited to discover therapeutic preparations/
agents to treat both diseases.100 Limitations of the study is that we
have mainly studied obese diabetics and hypertensives. Best option
of treatment would be the 4th generation calcium channel blocker
(CCB), Cilnidipine with Ace inhibitors or ARb’S.101 Already we
have started using the 4th generation CCB, Cilnidipine in our antenatal patients with Pregnancy-induced hypertension (PIH) in view
of non-availability of labetolol and are carryimg out double blind
trials to study them and need to further study it and start using
it in diabetic hypertensives instead of amlodipine being currently
used. Further with the advent of 4th generation CCB Cilnidipine
with ACEi were detected to have an edge over nephroprotection,
reducing microalbuminurea and reduction of symphathetic activity. Therefore, more trials are required with combining Cilnidipine with ACEi or ARB’s in hypertensive diabetics with or without
obesity102,103 with double blind trials all over world with regards to
use of these 2 combinations together to reduce SNS metabolic
complications along with reduction of insulin dosage. Thus, right
now best treatment recommended is enalpril with cilnidipine as
one example or other ACEi or ARB’s with cilnidipine.
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