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Abstract

Diabetes and hypertension often occur together. Hence they may share some common causes. These causes may be obesity,
inflammation, oxidative stress and insulin resistance. Type 2 diabetes may cause hypertension by atherosclerosis. It suggests
the importance of keeping an optimal glycaemic profile in general populations. BP screening and monitoring, especially
systolic BP, is essential in patients with type 2 diabetes. There are many theories and there is no confirmed mechanisms but,
genetic predisposition, insulin resistance, inflammation, oxidative stress, endothelial dysfunction, and have been suggested
to explain the link between higher hypertension and diabetes. In our study it was found that 51.8 percent had normal blood
sugar and 19% are pre diabetic and 29% are diabetic. As the age increases the incidence of prediabetes and diabetes also
increases. Incidence of Diabetes is more in males than in females. Similarly, the prediabetes is also more common in males.
Among females 10.75% had normal blood sugar and normal BP and among Males only 3.7% had normal blood sugar and
normal BP. Females are more in the prediabetes and elevated & Stage I BP and more males are diabetic and hypertensive.
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Introduction

As hypertension is more common in diabetes and
they may share some common pathophysiology. The
relationship between hypertension and type 2diabetes may
not be causal. Type 2 diabetes mellitus (T2DM) has high
risk of early mortality and morbidity due to hypertension.
Although there are no confirmed mechanisms, genetic
predisposition, insulin resistance, inflammation, oxidative
stress, endothelial dysfunction, and have been proposed to
explain the link between hypertension and diabetes. Blood
pressure (BP) and diabetes most probably share common
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mediators, like inflammation and endothelial dysfunction.
Antihypertensive drugs depending upon their ability
to counteract the mechanisms that causes endothelial
dysfunction can improve or restore endothelium-dependent
vasodilatation. In our study it was found that 16.6% of
females are prediabetes and 30% are diabetic, among males
2.3% are prediabetes and 28% are diabetic. Above 60 years
the pre diabetic [7.5%] and diabetics [10.3%] of the sample
population and in the 40-60 years age group 10 % are
diabetics. 30% of the people above 60 years are hypertensive
and 14.5% in the age group of 40-60 years are hypertensive.
Diabetes is more common in males and is also more common
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in males. More males are hypertensives than females. Only
22% of hypertensives had normal blood sugar and 28% of
Elevated or Stage 1 hypertension had normal blood sugar.
Among females 62.7 hypertensives are diabetic. There is not
much difference between male and female in blood sugar
level. More females had normal blood sugar than males.
More females had elevated BP and Stage [ hypertension than
males with prediabetes. Among the hypertensives fewer
females and more males are diabetic. The females are more
in the prediabetes and elevated & Stage | BP and more males
are diabetic and hypertensive. It suggest the importance of
keeping an optimal glycaemic profile in general populations,
BP screening and monitoring, especially systolic BP is
essential in patients with type 2 diabetes.

Material and Methods

Randomised study was conducted on 186 pilgrims
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attending a religious festival for type 2 diabetes and
hypertension. The incidence of diabetes, prediabetes,
hypertension, elevated blood pressure, stage 1 & 2
hypertension was recorded. They were analysed for the
incidence of hypertension with diabetes, pre diabetes with
hypertension, diabetes with elevated BP, diabetes with
stagel & 2 hypertension. The incidence of Diabetes with
hypertension among males and females were found out.
Incidence of hypertension and diabetes among different age
group was analysed.

Results

Out of 186 people 51.8 percent had normal blood sugar
and 19% are pre diabetic and 29% are diabetic. Among them
16.6% of females are prediabetes and 30% are diabetic
among males 2.3% are prediabetes and 28% are diabetic
(Chart 1).

Chart 1: Age and Blood Sugar.

As the age advances the incidence of prediabetic and
diabetes also increases. Above 60 years the pre diabetic

[7.5%] and diabetics [10.3%] of the sample population.and
inn the 40-60 years age group 10 % are diabetics (Chart 2).

-

o

Chart 2: Age and Blood pressure.

30% of the people above 60 years are hypertensive and
14.5% in the age group of 40-60 years are hypertensive
(Chart 3). Diabetes is more common in males [9.7% and
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in female 4.85%. Similarly the prediabetes are also more
common in males [8.6% to 2%] (Chart 3).
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Chart 3: Sex and Blood Sugar.

More males are hypertensives 33% and females 17%, (Chart

4).

Chart 4: Sex and Blood Pressure.

60% of males are both diabetic and hypertensives and
18% are prediabetic with hypertension. 38% of males are

diabetic and have elevated or Stage 1 hypertension. Only (Chart 5).

22% of hypertensives had normal blood sugar and 28% of
Elevated or Stage 1 hypertension had normal blood sugar

Chart 5: Percentage of Male: Blood Sugar and Blood Pressure.
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Among females 62.7 hypertensives are diabetic and
27.6 % have elevated or Stage 1 hypertension. 72% of
prediabetes has hypertension and 9% have elevated or
Stage 1 hypertension (Chart 6). When analysing the data of
186 persons both male and female 52% had normal blood
sugar,19.5% are pre diabetic and 30% are diabetic. There is
not much difference between male and female as blood sugar
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in female is normal in 24% and in male 28%, pre diabetic
7.5% and 12% and diabetic 14% and 16 % respectively.
Regarding blood pressure 23.6% had normal blood pressure,
33.3% had elevated or Stage 1 hypertension and 43.1% are
hypertensives. Both female and male had normal BP is 52%,
Elevated and stage 1 BP 19.5% and Stage II hypertension is
30% (Table 1).

-

Chart 6: Female: Blood Sugar and Blood Pressure.

o

BP 120/80 BP121/140/90 BP >140/90 Percentage
Normal N e Percentage GRADE 2 BP Male | Blood sugar ILLI R
Female 85 BP BP& ; Female
BP Male + Gradel Male Hypertension | + Female | % Female % of total
Female +Female Female 186 85 °
Female | Female 186
Bloo‘i;“g‘"r 20 [24%] | 10.70% |12 [26.7%] | 6.50% 13[28.9%)] 7% | 45 [53.6%] 24.20%
Blg‘fffﬁar 3[21.4%] | 2% 7[50%][ 3.75% 4[28.6] 2% | 14[16.6%] 7.50%
Blood sugar o 0 o 0 o 25/84 [25/186]
o111 7 [28%] 3.75 9 [36%] 4.80% 9 [36%] 4.80% [29.8%] 14%
Total 30[35.7] | 16% | 28[33.3] 15% 26 [31%)] 14% 84 [84/186] 45%
Blood sugar
Blood sugar o
Male 102 %Male 102 o of
total
BIOOS ;“gar 7[13.5%] | 3.70% |25[48.1%]| 13.50% 20 [384%)] | 24.20% | 52[51%] 28%
Blgol‘illsffiar 4[182%] | 2% | 2[9.1%] 1% 16 [72.7%] | 7.50% | 22[21.5%] 12%
Blood sugar 0 0 o o [25/186] 29/102 o
111 3[10.3%] | 1.60% | 8[27.6%] 4.30% 18[62.7] 149% [28.5%] 16%
[84/186] [102/186]
0, 0, 0, 0, 0,
14[13.4%] | 7.50% | 34[33.3%]| 18.20% 54[53%] 45% 102 ss0s
Total 186 [2343%] 62 [33.3%] 80 [43.1%)] 186

Table 1: Male & Female with Blood Sugar and Blood Pressure.
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Among 85 females 10.75% had normal blood sugar and
normal BP and among 102 Males only 3.7% had normal
blood sugar and normal BP. Among those who had elevated
BP and Stage | hypertension, 50 % of females and 9.1% of
males are prediabetes and 36% females and 27.6% males
are diabetic. Among the hypertensives 28.6% of female and
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38.5% of males are pre diabetic and 36% of females and
62.7% of males are diabetic.

When we observe the chart, the females are more in the
prediabetes and elevated & Stage I BP and more males are
diabetic and hypertensive (Chart 7).

Chart 7: Both Hypertension and Diabetes.

Discussion

Hypertension and type 2 diabetes [T2D] are two
different aspects of metabolic syndrome which includes
obesity and cardiovascular disease. It is often found that
diabetes and hypertension often occur together. Hence they
may share some common causes like obesity, inflammation,
oxidative stress and insulin resistance. Diabetes induced
atherosclerosis make the arteries non-elastic and high blood
pressure. Hypertension is common among diabetic patients.
Prevalence of hypertension among diabetes depends on
type and duration of diabetes, sex, age, race/ethnicity, BMI,
glycaemic control, and the presence of renal disease [1].
The relationship between hypertension and type 2 diabetes
may not be causal. To prevent hypertension it is important
to keep an optimal glycaemic profile in general populations,
BP screening and monitoring, especially systolic BP is
essential in patients with type 2 diabetes [2]. In patients with
hypertension or diabetes there are changes in left ventricular
(LV) diastolic filling anticipate diastolic heart failure. This
hypothesis was tested and proved that increased fasting and
post prandial glucose is associated with significant diastolic
dysfunction as demonstrated by tissue Doppler imaging
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(TDI) in hypertensive patients. Initially abnormal fasting and
post prandial glucose levels are associated with increased
diastolic impairment in uncomplicated hypertensive
patients, suggested that hyperglycaemias may increase the
risk of diastolic heart failure even without diabetes [3].
Diabetes has been shown to be associated with a 2-fold
increased risk of all-cause mortality and a 3-fold increased
risk of cardiovascular disease mortality relative to age and
sex-matched controls in a contemporary primary care
population in the United Kingdom [4].

Type 2 diabetes mellitus (T2DM) is associated with a
high risk of early mortality and morbidity from hypertension.
The prevalence of hypertension among type 2 diabetes
patients was found to be 59.5%. Stage 1 hypertension was
the most common (30.95%). The odds of hypertension was
higher among age group of 50-60 years, patients from urban
area, with longer duration of T2DM, with BMI 225 kg/m2,
with poor glycaemic control and patients who were current
cigarette smokers [5]. Among the overall cohort, 20 mm Hg
higher SBP and 10 mm Hg higher diastolic BP were associated
with a 58% and a 52% higher risk of new-onset diabetes [6].
A large Mendelian randomization study using 28 genetic
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variants as an instrumental variable to exclude confounding
effects showed that genetically elevating the systolic BP by 1
mm Hg was associated with a 2% increased risk of T2DM or
22% for a 10-mm Hg change in systolic BP in Europeans [7].
Emdin, et al. [6] stated that hypertension is a significant risk
factor for developing type 2 diabetes (T2DM), and concluded
that more investigations are needed to determine whether
this association is causal. A study was conducted a random-
effects meta-analysis of prospective observational studies of
BP and incident diabetes. Findings from 30 studies having
285,664 participants revealed 17,388 had diabetes [8].

In another study done on 4.1 million adults in 2015
revealed that the systolic blood pressure by 20 mm Hg
and higher diastolic blood pressure by 10 mm Hg were
associated with increased risk for type 2 diabetes [6]. Among
middle-aged and elderly Chinese population hypertension is
a risk factor for type 2 diabetes. The incidence of diabetes
was 2.57%, 3.75%, and 6.71% in the normal BP, elevated
BP& stage 1 hypertension, and hypertension groups,
respectively. The association of hypertension with diabetes
was more in patients of 50 age than the older age groups:
In Chinese adults both hypertension and prehypertension
were associated with higher risk of developing diabetes
compared to normal BP. It has been found that an increase
of 10 mm Hg in systolic blood pressure 5 mm Hg in diastolic
blood pressure was associated with an 8% increased risk of
incident type 2 diabetes. Insulin resistance, genetic factors,
inflammation, endothelial dysfunction, oxidative stress has
been proposed to explain the link between hypertension and
diabetes [9].

The link between diabetes and hypertension may
be due to certain processes in the body that can affect
both conditions such as inflammation. A meta-analysis in
revealed that people with hypertension have a higher risk of
developing type 2 diabetes [6]. Hypertension and diabetes
may share common mediators, like inflammation and
endothelial dysfunction [10]. Chronic inflammation is found
to be associated with hypertension [11]. Both Interleukin-6
and nitric oxide appear to be mediators of diabetes risk and
also cause hypertension by endothelial impairment. Essential
hypertension is found to be associated with impaired
endothelium-dependent vasodilation which is caused the
production of oxygen free radicals which can destroy nitric
oxide (NO), and its protective effects on the blood vessel
wall. Antihypertensive drugs depending upon their ability
to counteract the mechanisms that causes endothelial
dysfunction can improve or restore endothelium-dependent
vasodilatation. Calcium channel blockers, dihydropyridine-
like drugs, can reverse the impaired endothelium-dependent
vasodilation. Angiotensin Il receptor antagonist can also
improve basal NO release and decrease the vasoconstrictor
effect of endogenous endothelin-1.This makes us to suspect
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that elevated BP may cause new-onset diabetes [12]. It is
rationale to suspect that elevated BP may cause new-onset
diabetes [13].

Some believe that oxidative stress has shared pathways
for diabetes and C-reactive protein which is an inflammatory
biomarkers is reported to be associated with both an
elevated BP and diabetes in the general population [14-
16]. Endothelial dysfunction is involved in the development
of hypertension whose biomarkers are associated with
increased risk of diabetes [16,17]. Insulin resistance is one
of the causes of diabetes is thought to increase the risk of
hypertension and thus can partly explain the link between BP
and diabetes [18]. In women the association between fasting
insulin concentrations and risk of hypertension is more
pronounced in women. In the general population elevated
fasting insulin concentrations or insulin resistance is with
an exacerbated risk of developing. Early investigations to
identify hyperinsulinemia or insulin resistance will help
clinicians to identify the high risk of hypertensive population
[18]. There is a modest protective association between
increased insulin sensitivity and lesser risk of developing
hypertension. By improving insulin sensitivity we can
prevent the development of hypertension [19].

Both diabetes and hypertension must share a genetic
susceptibility [20]. C-reactive protein is associated with
an increased chance of developing hypertension even in
persons with lower baseline blood pressure. Increasing
level of C-reactive protein will predict future development
of hypertension. Hence it suggests that hypertension may
be an inflammatory [18]. The inflammatory markers, like
interleukin 6 (IL-6) and tumour necrosis alpha (TNF-alpha)
were found to be elevated in hypertension in well-controlled
studies. TNF-alpha and IL-6 can be independent risk factors
for hypertension in normal subjects [19]. Increased level
of other biomarkers like ICAM-1 and E-selectin predicts
the development of type 2 diabetes [20]. Variants in genes
encoding like adiponectin, adrenomedullin, apolipoprotein
found to correlate with both diabetes and hypertension.
Using Mendelian randomization, genetically modified
hypertension and type 2 diabetes were constructed using
233 and 134 single nucleotide polymorphisms, respectively.
It was found that genetically modified type 2 diabetes is
associated with increased risk of hypertension whereas
the genetically determined hypertension showed no such
relationship with type 2 diabetes. Type 2 diabetes may
causally affect hypertension, whereas the relationship from
hypertension to type 2 diabetes is may not be causal [2].

When hypertension is treated with angiotensin-
converting enzyme inhibitors and angiotensin receptor
blockers there is reduced incidence of diabetes [21]. Some
antihypertensive medications used to treat hypertension
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has reduced the risk of diabetes [21,22]. The association of
antihypertensive drugs with incident diabetes is therefore
lowest for angiotensin-converting-enzyme (ACE) inhibitors
with angiotensin-receptor blockers (ARB) followed by
Calcium channel blocker and placebo, beta blockers and
diuretics in rank order [21].
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