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Preface

Hypertension and diabetes mellitus often coexist and are among the most common
diseases and cardiorenal risk factors, and their frequency is increasing due to obe-
sity epidemic and aging of the population. Elevated BP values are a common finding
in patients with type 2 diabetes mellitus. Development of hypertension in diabetic
subjects heightens markedly the risk of macro- and micro-vascular complications.
Over the past several years, a wealth of new information has accumulated about the
association of this metabolic and hemodynamic disorder.

This book is intended to be an in-depth and up-to-date review of the various
aspects of the association between blood pressure disorders and diabetes mellitus.
In addition, a unique feature of this work includes discussion of topics infrequently
considered and/or acknowledged by clinicians, namely the role of hemodynamic
alterations on the vasculature of target organs (retina, kidney, brain, and gravid
uterus).

Beirut, Lebanon Adel E. Berbari
Milano, Italy Giuseppe Mancia
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Coexistence of Diabetes Mellitus
and Hypertension

Adel E. Berbari, Najla A. Daouk, and Edgar M. Nasr

1.1 Introduction

Hypertension and diabetes mellitus (DM) are common serious comorbidities which
involve 31% and 10%, respectively, of the adult world population [1, 2].

According to the World Health Organization, obesity, arterial hypertension, and
diabetes mellitus represent major risk factors for cardiovascular disorders [3]. Due
to the obesity epidemic, the prevalence of hypertension and diabetes mellitus has
increased significantly worldwide, reaching pandemic proportions [4]. It is esti-
mated that by 2025-2030, the total number of diabetics will rise to 552 million and
that of hypertensives will reach 1.56 billion [4].

Hypertension and diabetes mellitus often co-occur in the same individual, a pat-
tern associated with markedly enhanced risk of cardiorenovascular disorders [1-4].
The presence of one of the two conditions increases the risk of developing the other
by 1.5-2.0 times [5].
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1.2  Hypertension-Diabetes Mellitus:
A Bidirectional Relationship

1.2.1 Definition

Impaired blood pressure (BP) regulation and blunted glucose/insulin metabolism
are closely associated [1, 6, 7].

The coexistence of a dual diagnosis of hypertension and diabetes mellitus repre-
sents a serious comorbid cardiorenometabolic disorder characterized by a persistent
nonphysiologic BP elevation and a dysglycemic state and a two- to threefold
increased risk of macro-/microangiopathic complications and premature cardiore-
nal mortality [7, 8]. In the context of the hypertension—diabetes mellitus coexistent
syndrome, it has been reported that 25% of the cardiorenal events is attributed to
hypertension, while diabetes mellitus confers 30% of death [9].

1.2.2 Epidemiology

The association of a dual diagnosis of hypertension and diabetes mellitus is highly
prevalent and is increasing worldwide because of the global obesity epidemic and
ageing of the population [4, 10].

Several studies indicate that glycemia, BP, renal function, body weight, and
genetic susceptibility appear to be the most relevant risk factors for the development
of the hypertension/diabetes mellitus coexistent syndrome [10]. The relationship
between hypertension and diabetes mellitus is substantial and bidirectional [5].
Both disorders overlap in the population and predict each other [3, 11-13]. About
50% of patients with noninsulin-dependent diabetes mellitus (NIDDM) (type 2 dia-
betes mellitus) are hypertensive, while about 20% of subjects with hypertension
have NIDDM [3, 5].

Hypertension is very frequent in the diabetic population globally, with an esti-
mated prevalence of over 50% [4, 14]. However, at a national level, occurrence rates
of the association of hypertension and diabetes mellitus vary widely in different
populations. In the Hong Kong Cardiovascular Risk Factor Prevention study, 46%
of diabetic Chinese subjects were hypertensive [15]. Higher association rates were
reported in other populations [5]. Prevalence close to 50% was noted in four
Japanese studies and in the Honolulu Heart Study and Strong Heart Study [5]. Of
note, the population of the Honolulu Heart Study was of Japanese ancestry [5].
Further, 70% of a cohort of Korean elderly diabetic subjects exhibited high BP lev-
els [16, 17]. In addition, in a national cross-sectional survey, 80% of Jordanian
diabetic patients were hypertensive [18].

Epidemiologic surveys indicate that the relationship between diabetes mellitus
and hypertension is influenced by physiologic parameters. Gender and duration of
diabetes mellitus appear to be determinant factors [5, 19].

The prevalence of hypertension in diabetes mellitus and its relationship to the
duration of diabetes was assessed in 702 subjects aged 18—74 years who have been
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selected as a representative sample of patients with diabetes mellitus diagnosed
between 1939 and 1965 [20]. Analysis of data of the study conducted in 1964-1965
revealed that (i) the prevalence rates of hypertension were higher in diabetic women
than in diabetic men, that is, 36% versus 26%, respectively [20]. These rates were
higher than those in the US general population in 1962 [20]. Diabetic men and
women had prevalence rates of 1.7, 1.9, and 2.1 times higher than those of the US
general population 1962 census [20]. (ii) Further, diabetic women tend to develop
hypertension at an earlier decade, that is, 45-54 years old versus 55-64 years old
than their nondiabetic counterparts [21]. These observations suggest that diabetic
women are more prone to disturbed BP control. (iii) There is a direct relation
between the duration of diabetes mellitus and the prevalence of hypertension [20].
The increasing prevalence of hypertension associated with the increasing duration
of diabetes was independent of ageing. The mechanisms by which the duration of
diabetes mellitus relates to BP elevation could not be elucidated from the data of the
study [20]. However, it has been postulated that obesity and microvascular compli-
cations may have contributed to the short-term and long-term relation between
hypertension and the duration of diabetes mellitus [20].

Age also impacts the hypertension—diabetes mellitus relationship [21, 22]. In a
study which assessed various features of hypertension in 662 diabetics and an equal
number of matched nondiabetic subjects of the Dupont Company, the prevalence
rates of hypertension, defined as a BP >150/95 mmHg, were greater in diabetic men
younger than 45 years of age, with an excess of 54% [21]. On the other hand, in a
community survey performed in Rancho Bernardo, California, in 1972—-1974, which
includes a population of 3456 of primarily white middle-aged class subjects, aged
50-79 years, excess hypertension in diabetic patients tends (i) to decrease with age
and (ii) to disappear in men older than 70 years [22]. Two factors have been postu-
lated to explain the age-related effects in the hypertension—diabetes mellitus asso-
ciation: (i) prior mortality leading to selective removal of older diabetic men and (ii)
weakening predisposition to diabetes mellitus with ageing [22].

Although it is well established that diabetes mellitus is a strong predictor of inci-
dent hypertension, the rate of progression from normotension to hypertension
remains unclear. The rate of BP changes during the development of hypertension in
subjects with and without diabetes mellitus have been evaluated, using data from
the MCDS (Mexico City Diabetes Study, a population-based study of diabetes mel-
litus in Hispanic whites) and in the FOS (Framingham Offspring Study, a
community-based study in non-Hispanic whites) during a 7-year follow-up [23].
Analysis of data of these studies revealed that (i) diabetes mellitus at baseline was a
significant predictor of hypertension. Conversely hypertension at baseline was an
independent predictor of incident diabetes. (ii) In MCDS, in over 60% of convert-
ers, progression from normotension to hypertension was characterized by a steep
rather than a progressive increase in BP values, with an average of about 20 mmHg
for systolic BP within 3.5 years; (iii) conversion to diabetes or hypertension was
associated with a metabolic syndrome phenotype [23].

A similar pattern has been reported in the progression to overt diabetes mellitus
[23, 24]. In about 70% of subjects with normoglycemia or impaired glucose
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intolerance in the MCDS study, the development to overt diabetes mellitus was
characterized by an abrupt increase in plasma glucose values by about 50 mg/dL
within 3.5 years [23, 24]. The diabetic converters exhibited features of the meta-
bolic syndrome [23].

1.3  Classification of Hypertension-
Diabetes-Associated Phenotypes

1.3.1 Hypertension in Diabetes Mellitus

1.3.1.1 Type 2 Diabetes Mellitus
Hypertension is very common in both type 1 and type 2 diabetes mellitus, being
twice as frequent in subjects with the metabolic disorder as in those without [25, 26].

Although diabetes mellitus is etiologically classified into two main types, type 2
diabetes mellitus (type 2 DM) accounts for over 85% of the diabetic population
globally [27].

Several studies have established that type 2 DM increases the risk of hyperten-
sion development. In the treatment options for Type 2 Diabetes Mellitus in
Adolescents and Youth study (TODAY) which recruited 699 adolescents, aged
10-17 years with diabetes of less than 2 years’ duration, the prevalence of hyperten-
sion increased from 11.6% to 33.8% after a follow-up of 3.9 years [28]. Further, in
a retrospective study of 5016 adults without a history of diabetes mellitus or hyper-
tension, an approximate twofold higher risk of incident hypertension was reported
in patients with prediabetes compared to normoglycemic subjects [29].

Estimates of hypertension in diabetes mellitus depend upon the definition of
hypertension and population studied.

Earlier studies have applied a higher BP threshold as an indicator of hyperten-
sion. In the Dupont Study, considering hypertension as BP >150/95 mmHg, Pell
and DiAllonzo reported that employees with diabetes mellitus exhibited a 54%
greater prevalence of hypertension compared to the nondiabetic controls [21]. In a
nationwide survey of diabetic subjects performed in England in 1991-1994 for car-
diovascular risk assessment, a prevalence of hypertension of 51% was demonstrated
with BP criterion >160/90 mmHg [30].

By shifting to lower BP targets, recent investigations suggest that hypertension
appears to be much more prevalent among subjects with diabetes mellitus than doc-
umented by previous evaluations [31, 32].

A recent analysis of data of US adults with diabetes mellitus in the US National
Health and Nutrition Survey (NHANES), 2011-2016, demonstrated high hyperten-
sion prevalent rates of 77% and 66% according to whether BP targets of
>130/80 mmHg or >140/90 mmHg based on guidelines of the American Heart
Association (AHA) and American Diabetes Association (ADA) were applied [31].
Further, a retrospective chart analysis of 2227 patients with type 2 DM confirmed
that a downward shift of BP targets to 130/80 mmHg was associated with increasing
rates of hypertension, with values of 60.2%, 76.5%, and 85.8% at BP thresholds of
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140/90 mmHg, 130/85 mmHg, and 130/80 mmHg, respectively [32]. Moreover, the
data suggested that hypertension also affects elderly diabetic subjects reaching
prevalence rates of over 94% at age of 80 years [32].

1.3.1.2 Type 1 Diabetes Mellitus

Type 1 diabetes mellitus (T1DM) affects about 10%—15% of the diabetic popula-
tion, involving more commonly children and young adults [33]. The incidence of
T1DM is increasing at an alarming rate, as it is estimated that about 90000 children
are diagnosed yearly [33, 34].

In T1DM, hypertension is quite prevalent and more common than in the general
population [35]. In a series of 900 patients with T1DM admitted to the Joslin clinic,
Christlieb et al. reported that the prevalence of hypertension, defined as SBP/DBP
>160/90 mmHg was significantly higher in diabetic subjects than in nondiabetic
controls, with the relative risk of high BP greater among diabetic women than dia-
betic men counterparts [36]. Further, in a study which included 10202 Danish sub-
jects representing a sample of Danish population, Norgaard et al. reported that
hypertension was more prevalent in TIDM patients than in the general population,
with rates of 14.7% and 4.4%, respectively [37]. The excess of hypertension in
T1DM was attributed to diabetic nephropathy as evidenced by increased urinary
albumin excretion [37]. However, some patients with T1DM develop hypertension
with no evidence of clinical and laboratory diabetic nephropathy, but exhibit a
strong family history of hypertension [37]. These patients are categorized as having
essential hypertension [37].

In T1DM, hypertension is generally not present at the time of diagnosis of the
metabolic disorder [25]. BP remains normal for the first 5-10 years but expresses
subtle altered patterns which are apparent only by ambulatory BP monitoring
(ABPM) [38, 39]. Lurbe et al. examined the circadian pattern of BP by ABPM and
urinary albumin excretion in 45 patients with TIDM who were completely normo-
tensive by standard criteria and the same number of age-/sex-matched controls [39].
They demonstrated that many patients with TIDM displayed a blunted nocturnal
fall in BP, elevation in nocturnal systolic and diastolic BP, and often nocturnal
hypertension [39]. These BP changes antedated albuminuria and might lead to pro-
gression to diabetic nephropathy [39]. Similarly, Mateo-Gavita et al. evaluated, in a
prospective observational study, the circadian BP pattern by ABPM of 85 clinically
normotensive and normoalbuminuric patients with TIDM [40]. They reported a
high prevalence of altered BP patterns, defined as masked hypertension and non-
dipping nocturnal pattern and after a long-term follow-up development of microvas-
cular complications [40]. In most patients with T1DM, BP elevation often coincides
with the development of incipient or overt nephropathy [37, 41]. In TIDM of over
30 years, hypertension develops in 50% of subjects with incipient or overt nephrop-
athy, while BP remains normal in subjects who escape the renal disease-caused
damage [41].

There is limited information about the overall prevalence of elevated BP in youth
with diabetes mellitus [33, 35]. Although quite frequent, hypertension and BP dis-
orders are poorly recognized and often in T1DM undertreated, especially in the
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pediatric age group [33, 42]. In a retrospective cohort study, about 70% of hyperten-
sive disorders in children with TIDM remained untreated for over one year after
diagnosis [33].

Epidemiologic surveys and clinical studies reported variable estimates of ele-
vated BP in children and young adults with T1DM [33]. The prevalence of hyper-
tension varies between 4% and 16% [35]. In the SEARCH for Diabetes in Youth
Study, a large multicenter study in North America which included 3691 youths aged
3-17 years with T1DM, the prevalence of elevated BP was 5.9% [43]. However,
other clinical studies reported that, in TIDM, the occurrence rates of hypertension
were higher in older patients [33, 44]. The EURODIAB IDDM Complications
study, a cross-sectional study which enrolled 3250 randomly selected type 1 dia-
betic patients with a mean age of 32.7 years and a mean duration of diabetes melli-
tus of 14.7 years, revealed a 24% hypertension prevalence, with only 11.3% of those
with high BP treated and controlled [42]. Further, in the Coronary Artery
Calcification in Type I Diabetes Mellitus (CACTI) study, a population of an over-
whelming non-Hispanic white type 1 adult diabetes, the mean hypertension preva-
lence was 43%, which was much higher than that in age-/sex-matched nondiabetic
controls [44].

1.3.2 Diabetes Mellitus in Hypertension

Glucose intolerance and diabetes mellitus are highly prevalent in hypertensive
subjects [13, 45]. Different occurrence rates of diabetes mellitus in hypertensive
patients have been reported in various studies conducted in Japan and Western
countries [5, 46]. Among the Japanese studies, the prevalence rates of diabetes
mellitus in hypertension varied between 10% and 20% [5, 46, 47]. In contrast,
studies performed in Western countries revealed higher prevalence rates. In the
San Antonio Heart Study and in the Framingham Study, over 50% of hypertensive
subjects experienced impaired glucose tolerance or diabetes mellitus [5, 9, 48].
Further, the Strong Heart Study, whose participants were American Indians living
in Arizona, reported a still higher prevalence of 53.5% [5, 49]. In addition, the
Jackson Heart Study, which involved blacks, also reported a relatively high asso-
ciation rates [50].

The differences in the prevalence rates between Japanese and Western studies
have been attributed to older age of participants in the Framingham Study and to
ethnic background (Puma Indians) in the Strong Heart Study and race in the Jackson
Heart Study [5, 47, 50].

Several prospective studies have documented a relationship between elevated BP
levels/hypertension and the development of impaired glucose tolerance/diabetes
mellitus [3, 5, 8, 51]. In a meta-analysis of 30 cohort studies, each 20 mmHg of
higher systolic BP was associated with a 77% higher risk of type 2 diabetes melli-
tus [52].

Several factors have been shown to predict incident diabetes mellitus in hyper-
tension. Race, altered BP phenotype patterns, baseline BP levels, and body mass
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index (BMI) appear to be associated with increased risk of new-onset diabetes mel-
litus and/or disturbed glucose homeostasis [19].

Analysis of combined data from several studies (Atherosclerosis Risk in
Communities [ARIC] study, Coronary Artery Risk Development in Young Adults
(CARDIA) study, and the Framingham Heart Study Offspring Cohort), which
include a large cohort of 10843 middle-aged African-Americans and white
Americans, with a follow-up of 8.9 years, revealed that compared to normotensive
subjects, the risk of developing new-onset diabetes mellitus was higher in hyperten-
sive African-Americans than in white hypertensive Americans with occurrence
rates of 14.6% versus 7.9%, respectively [19]. Further, in addition to hypertension,
prehypertension was associated with incident diabetes mellitus only in white sub-
jects and not in African Americans [19].

In a cohort of 1412 subjects of the Pressione Arteriosa Monitorate e Loro
Associazon (PAMELA) study, the incidence of impaired glucose tolerance and
new-onset diabetes mellitus was examined in white coat hypertension and masked
hypertension with BP phenotypes identified by out-of-office BP and ambulatory BP
monitoring [53]. Over a period of 10 years, the incidence of glucose intolerance and
diabetes mellitus was significantly greater in both white coat hypertension and
masked hypertension, compared to truly normotensive subjects, with age-/sex-
adjusted risk of 2.9 and 2.7, respectively, similar to sustained hypertension [53].
Further, the most important independent predictors of new-onset diabetes mellitus
or impaired fasting blood glucose state were baseline blood glucose, BMI, and
24-hour mean or home diastolic BP [53].

The onset of new-onset diabetes mellitus associated with increasing baseline BP
categories classified as optimal (<120/75 mmHg), normal (120-129/75-84 mmHg),
high normal (130-139/85-89 mmHg), and established hypertension
(=140/90 mmHg), progression to higher BP levels, and increasing BMI were
assessed in the Women’s Health Study [54]. This study which represents a prospec-
tive cohort study of 38172 middle-aged women free of diabetes mellitus and cardio-
vascular disease at baseline revealed that, after a follow-up of 10 years, 1.4%, 2.9%,
5.7%, and 9.4% of women across the baseline BP categories developed type 2 dia-
betes mellitus [54]. The risk of incident diabetes mellitus was sevenfold greater in
women with established hypertension at baseline compared to those with optimal
BP at baseline [54].

Further, this study demonstrated that changes across BP categories was associ-
ated with a significant trend of increasing incidence of new-onset diabetes mellitus
[54]. Compared to women with stable normal or lower BP levels, in women pro-
gression to higher BP levels but within the normotensive range induced a 26%
increase, while progression to hypertension was associated with a 64% increased
risk of incident diabetes mellitus [54].

Obese women tend to have the highest event rate across all BP categories [54].
The risk of incident diabetes mellitus is 25-fold higher in women with increased
BMI (>30 kg/m?) compared to those with normal BMI (<25 kg/m?) [54]. However,
BP remains a strong predictor of incident diabetes mellitus within each category of
BMI [54].
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Several recent reports and clinical studies suggest that inadequately controlled
BP in nondiabetic hypertensive patients on antihypertensive medication is a predic-
tor of incident diabetes mellitus [55]. In a large cohort of 1754 nondiabetic hyper-
tensive patients, free of cardiovascular disease, suboptimal BP control was
associated with a twofold increased risk of incident diabetes mellitus, independent
of age, BMI, baseline BP, or fasting blood glucose [56]. However, the results of the
recent SPRINT randomized trial appear to challenge this notion [57]. In this study,
the incidence of altered glucose homeostasis (impaired fasting glucose/new-onset
diabetes mellitus) was higher in the intensive BP strategy (SBP <120 mmHg) com-
pared with the standard BP strategy (SBP <140 mmHg) [57].

1.4 New-Onset Diabetes Mellitus
and Antihypertensive Medications

New-onset diabetes mellitus represents a form of diabetes, usually of the type 2
phenotype, which develops during therapy of different disorders such as hyperten-
sion [58]. The natural incidence of new-onset diabetes mellitus in untreated hyper-
tensive patients varies widely across various trials extending from 0.8% to 3.9% [59].

Common major currently clinically used antihypertensive medications fall into
four classes: (a) diuretics with all their different target sites, (b) beta-adrenergic
receptor blockers (beta blockers), (c) calcium channel antagonists, and (d) renin—
angiotensin aldosterone system (RAAS) inhibitors [58].

Numerous studies indicate that the major classes of antihypertensive medica-
tions appear to exert differing effects in glycemic control and incidence of diabetes
mellitus [58, 60, 61]. Thiazide diuretics and beta blockers are potentially diabeto-
genic, and calcium channel antagonists appear neutral, while RAAS inhibitors are
associated with improvement on glycemic control and may even lower diabetes
incidence [61]. The risk of new-onset diabetes mellitus has been reported to be
lower with calcium channel antagonists than with beta blockers and thiazide diuret-
ics but higher than with RAS inhibitors [61, 62]. The ALLHAT study evaluated the
incidence of new-onset diabetes mellitus in patients randomized to chlorthalidone,
amlodipine, and lisinopril. At 4 years, the cumulative incidence of new-onset diabe-
tes mellitus was 11.6% for the chlorthalidone group, as compared with 9.8% for the
amlodipine group and 8.1% for patients randomized to lisinopril [63].

Several large-scale clinical trials have demonstrated that thiazide diuretics and
beta blockers adversely impair glucose homeostasis predisposing to the develop-
ment of new-onset diabetes mellitus [62, 63].

In a long-term observational study which involves three large cohorts, Nurses
Health Studies I/IT and Health Professionals Follow-Up study, the relative risk for
incident diabetes mellitus in subjects taking a thiazide diuretic compared to those
taking none was 20% higher in older women, 45% higher in younger women, and
36% higher in men [64, 65]. Further, the relative risk of new-onset diabetes mellitus
in subjects taking a beta blocker compared to those taking none was 32% greater in
older women and 20% greater in men [64, 65].
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The risk of incident diabetes mellitus with beta blockers and nondiuretic antihy-
pertensive medications (calcium channel antagonists and RAAS inhibitors) was
evaluated in a meta-analysis of 94292 hypertensive subjects [66]. Compared to pla-
cebo, beta blockers induced a 33% increase in incidence of new-onset diabetes mel-
litus [66]. In contrast, compared to beta blockers, calcium channel antagonists and
RAAS inhibitors reduced by 21% and 23%, respectively, new-onset diabetes mel-
litus [66].

Calcium channel antagonists and RAAS inhibitors are considered to have mini-
mal or even no impact on glucose homeostasis [65, 67]. Several clinical studies and
trials have demonstrated that administration of these classes of antihypertensive
medications are associated with decreased new-onset diabetes mellitus and with
RAAS inhibitors, even with improvement in glucose metabolism [68]. In the
Intervention as a Goal in Hypertension Treatment (INSIGHT) trial, new-onset dia-
betes mellitus was slightly but significantly lower in hypertensive patients receiving
long-acting nifedipine than in those receiving a low dose of the diuretic co-amilozide
(4.3% versus 5.6%) [69].

Increasing evidence suggests that RAAS inhibitors provide a potentially benefi-
cial effect at the incidence of diabetes mellitus [65]. In a meta-analysis, of 72128
nondiabetic subjects at baseline, angiotensin-converting enzyme inhibitor therapy
was associated with reduced incidence of new-onset diabetes mellitus compared to
controls (OR 0.80 [0.71, 0.91]) irrespective of achieved BP levels at follow-up and
compared with beta blockers/diuretics (OR 0.78 [0.65, 0.93]), calcium channel
antagonists (OR 0.85 [0.73, 0.99]), and patients with hypertension (OR 0.8 [0.68,
0.93]) [58, 70].

Similarly, in the Heart Outcomes Prevention Evaluation (HOPE) study, in which
about 50% of participants had high BP, ramipril, an angiotensin-converting enzyme
inhibitor, reduced the incidence of new-onset diabetes mellitus from 5.4% to 3.6%,
a 34% decrease, compared to placebo [71].

Angiotensin receptor blockers (ARBs) have also been reported to reduce the
occurrence of new-onset diabetes mellitus in hypertensive subjects. In the
Candesartan in Heart Failure Assessment of Reduction in Mortality and Morbidity
(CHARM) study, candesartan, an ARB, was associated with a reduction in new-
onset diabetes mellitus from 7% to 6% (RR 0.78 [0.64-0.95]) [72].

A large cohort of 134967 nondiabetic subjects conducted at the Kaiser
Permanente Northwest examined the atherogenic potential of combination antihy-
pertensive medications [73]. This study revealed that exposure to a combination of
thiazide diuretic/beta blockers (TD/BB) and thiazide diuretic/calcium channel
blockers (TD/CCBs) was associated with a diabetogenic risk of diabetes mellitus
with adjusted risks of 1.99 (1.80-2.20) and 1.52 (1.28-1.82), respectively. In con-
trast, treatment with a combination of a thiazide diuretic/renin—angiotensin system
inhibitor (TD/RASI) or beta blockers/renin—angiotensin system inhibitor (BB/
RASI) resulted in a negative diabetogenic influence with adjusted risks of diabetes
mellitus of 1.08 (0.97-1.20) and 0.98 (0.89-1.09), respectively, suggesting that
RASI might inhibit or reduce the diabetogenic risk of thiazide diuretics or beta
blockers [73].
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Not all antihypertensive medications within the same class possess a similar
influence on glycemic control [74, 75].

All loop diuretics have similar efficacy in the treatment of hypertension, but in
equipotent doses, they are less effective than thiazides and thiazide-like diuretics.
Further, spironolactone, a potassium-sparing diuretic and an aldosterone antagonist,
is an effective antihypertensive agent [74]. Both loop diuretics and spironolactone
have minimal adverse reactions on glucose metabolism [74].

Some beta-adrenergic agents appear to have minimal deleterious effects on glu-
cose homeostasis [75]. B;-selective beta blockers with B, agonist properties, beta
blockers with intrinsic sympathomimetic effects (e.g., acebutolol), and beta block-
ers with alpha-blocking activity (e.g., carvedilol) are reported not to be associated
with incident diabetes mellitus [75].

1.5  Gestational Diabetes Mellitus and Pregnancy-Induced
Hypertension Association

Gestational diabetes mellitus and gestational hypertension are the most frequent
obstetric disorders during pregnancy [76]. Coexistence of both disorders is associ-
ated with significant maternal and fetal complications and poor outcome [76, 77].

Several studies have evaluated the relationship between gestational diabetes mel-
litus and gestational hypertension. In a study which comprised 215 successive preg-
nancies in Danish women demonstrated that the frequency of gestational
hypertension (defined as SBP >140/90 mmHg) was higher in women with gesta-
tional diabetes mellitus than in nondiabetic pregnant women (28% versus 10%)
[78]. Increased body mass index enhanced the risk of gestational diabetes mellitus
and hypertension [76].

A large population-based case control study, using data drawn from electronic
records of women who delivered in 1992—-1998 and conducted in Washington State,
explored the relation between gestational diabetes mellitus and subtypes of gesta-
tional hypertension [77]. Gestational diabetes mellitus was associated with a signifi-
cant 1.5-fold increased risk of severe and mild preeclampsia and 1.4-fold increase
in gestational hypertension with a prevalence of 3.9% in women with eclampsia,
4.5% in women with severe preeclampsia, and 4.4% in both women with mild pre-
eclampsia and women with gestational hypertension compared with 2.7% in con-
trols [77]. Afro-American ethnicity and increased body mass index enhanced the
risk of gestational diabetes mellitus/hypertension association [77, 79].

1.6  Hypertension—Diabetes Mellitus Coexistence
and COVID-19 Relationship

Coronavirus disease 2019 (COVID-19) caused by the novel coronavirus (SARS-
CoV-2) is a major global health threat [80, 81]. Mortality and severe outcomes from
SARS-CoV-2 have been associated with cardio-cerebrovascular disease,
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hypertension, and diabetes mellitus [81]. The incidences of hypertension, cardio-
cerebrovascular disease, and diabetes mellitus are twofold, threefold, and twofold
higher, respectively, in intensive care unit (ICU)/severe cases of COVID-19 than in
their non-ICU/severe counterparts [82]. Similarly, in a cohort of COVID-19 cases
hospitalized in New York, the most common comorbidities were hypertension
(56%), obesity (41.7%), and diabetes mellitus (33.8%) [83].

Data from the onset of the COVID-19 pandemic in China demonstrated that
while mortality without comorbidities was 0.9%, it increased to 10.5% with
cardio-cerebrovascular disease, to 7.5% with diabetes mellitus, and to 6% with
systemic hypertension [83]. In the Lombardy cohort of severe cases of COVID-19
admitted to the ICU, systemic hypertension, diabetes mellitus, and cardiovascu-
lar disease were reported with frequencies of 49%, 17%, and 21%, respec-
tively [83].

Several investigations have demonstrated that age, hypertension, diabetes melli-
tus, and cardiorenal disease aggravate the course and increase the risk of mortality
of COVID-19 infection [83, 84]. However, there is no evidence that any class of
antihypertensive drugs portends an increase risk or worsening of COVID-19 infec-
tion [80]. Conversely, inhibitors of the renin—angiotensin system may be protective
[85, 86].

1.7 Conclusion

Coexistent hypertension/diabetes mellitus represents a common serious vasculo-
metabolic disorder with a wide occurrence rate. This disorder is multifactorial and
is associated with significant risk of macro-/microangiopathic complications and
premature mortality. Maintenance of appropriate body weight, achievement of ade-
quate BP, and glycemic control reduce the incidence and may even prevent the
development of this disorder in hypertension, diabetes, pregnancy, and COVID-19
infection. Further, inhibitors of RAS may improve the prognosis of COVID-19-
infected patients.
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