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Background: Type 2 diabetes mellitus (T2DM) is associated with a high risk of early
mortality and morbidity from hypertension. Even though Ethiopia is Africa’s first country
among the top five in the prevalence of DM, there is a paucity of data on hypertension and its
associated factors among patients with type 2 diabetes mellitus. Therefore, this study aimed
to determine the prevalence and associated factors of hypertension among type 2 diabetes
mellitus patients at Debre Tabor General Hospital, 2019.

Methods and Materials: An institution-based cross-sectional study was employed on 378
T2DM patients. Data were collected using an interviewer-administered questionnaire and
analyzed by Stata 14. A multivariable logistic regression model was used to identify
associated factors of hypertension among T2DM patients. Associated factors were declared
at p < 0.05.

Results: The prevalence of hypertension among T2DM patients was 59.5% (95% CI:
54.5-64.5). Stage 1 hypertension was the most common (30.95%). The odds of hypertension
was higher among age group of 50-60 years (adjusted odds ratio (AOR)=2.5, 95% con-
fidence interval (CI) (1.27-4.90)), patients from urban area (AOR = 2.8, 95% CI (1.08—
7.18)), with longer duration of T2DM (AOR =1.16, 95% CI (1.08-1.25)), with BMI >25 kg/
m? (AOR = 3.2, 95% CI (1.71-5.96)), with poor glycemic control (AOR = 3.0, 95% CI
(1.75-5.19)), and patients who were current cigarette smokers (AOR = 3.8, 95% CI
(1.98-14.96)).

Conclusion: The prevalence of hypertension is high and the majority have poor blood
pressure control. Hence, DM care providers and other health sector stakeholders have to
work in collaboration to prevent it through designing appropriate strategies especially for
those at higher risk of developing hypertension.
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Background

Type 2 diabetes mellitus (T2DM) is associated with a high risk of early mortality and
morbidity due to cardiovascular diseases (CVD) such as hypertension (HTN), stroke,
and end-stage renal disease. Hypertension is the leading CVD-attributable cause of
' The comorbidity of DM and
hypertension is increasing globally.* Hypertension with diabetes increases mortality

morbidity and mortality among T2DM patients.

risk by 7.2 times with a higher risk of death in developing countries’ like Ethiopia,
Africa’s first ranked country with the number of diabetes mellitus patients.®
Hypertension contributes to the development and progression of microvascular
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(retinopathy, nephropathy, and neuropathy) and macrovascu-
lar (atherosclerotic) complications of diabetes.” It is a major
risk factor for cardiovascular mortality and morbidity
through its effects on target organs like the brain, heart,
eye, and kidney due to structural alterations in the microcir-
culation secondary to oxidative stress, inflammation, or
endothelial dysfunction.® Uncontrolled hypertension leads
to heart attack, stroke, kidney disease or failure, vision loss,
sexual dysfunction, and peripheral arterial disease (PAD).*
Hypertension induced organ damage is manifested by eleva-
tions in albumin excretion (proteinuria),9 and left ventricular
hypertrophy and presence of left ventricular strain pattern in
ECG.'° Moreover, detection of hard exudates, cotton wool
spots, papilledema, retinal hemorrhages, and microaneur-
ysms in fundoscopy, and presence of ischaemic or hemor-
rhagic brain injury in brain imaging by computed
tomography (CT) are other manifestations of hypertension
induced end organ damage.'""'?

Eighty percent of diabetes patients die from CVD,
especially HTN and stroke.'*'* Moreover, HTN exacer-
bates diabetic cardiomyopathy, accelerates the progression
of diabetic renal disease and CVD."> A study on DM
patients showed that the coexistence of hypertension in
diabetes mellitus is attributed to the risk of death and
cardiovascular events by 44% and 41%, respectively, as
compared to 7% and 9% of risks in people with diabetes
alone.” Hypertension is also the largest contributor to the
high costs of DM patients.> The prevalence of HTN
among DM patients is higher than in non-DM patients.
The higher percentage of hypertension among diabetes
patients is attributed by hyperglycemia, insulin resistance,
and dyslipidemia. All of these factors induce the develop-
ment and progression of atherosclerosis by disrupting the
blood vessel wall through the promotion of vascular
inflammation and endothelial cell dysfunction, derange-
ments of various cell types like platelets and promotion
of coagulation.'® These all lead to narrowing of blood
vessels and an increment of total peripheral arterial resis-
tance to causes hypertension. Hyperinsulinemia and insu-
lin resistance contribute to elevated blood pressure
because insulin is known to promote sodium retention
and enhances sympathetic nervous system activity.'’
Furthermore, insulin resistance is associated with the inap-
propriate activation of the Renin-Angiotensin-Aldosterone
System (RAAS). Once RAAS is activated, multiple
mechanisms that increase BP will get activated. For
instance, angiotensin II, the product of activation of
RAAS, stimulates vasoconstriction and production of

aldosterone, a hormone responsible for retention of salt
and water in the kidney to cause hypertension.'® Apart
from this, the presence of renal insufficiency secondary
to diabetes may impair the ability to excrete water and
solutes, thus perpetuating the volume expansion that was
induced by different factors.'” In addition to T2DM,
a persistent high salt diet is also ascribed to the develop-
ment of high blood pressure (BP). A high salt diet raises
the amount of sodium in the blood which then reduces the
ability of the kidney to eliminate water from the body due
to its osmotic effect. This excess sodium in the blood
provokes excess water retention and hence high BP
which in turn puts extra strain on the walls of the arteries.
To cope up with this high BP, the muscular layer of the
artery thickened and raises the BP by reducing the space in
the vessel.'® Moreover, high salt intake causes microvas-
cular endothelial inflammation,'® an increase in systemic
peripheral resistance, alterations in the endothelial func-
tion and modification of sympathetic activity to end up
with hypertension.'®

The incidence of hypertension in T2DM patients is
related to the degree of obesity, advanced age, and exten-
sive atherosclerosis.'” A study in Iraq revealed 89.6%
prevalence of hypertension among DM patients which
was associated with age, BMI, insulin use, and duration
of diabetes.”® There were 85.6%, 54.2%, and 56.3% pre-
valence of hypertension among DM patients in Benghazi,*
Nigeria (54.2%),"” and Adama, Ethiopia,”' respectively.
A study conducted in Benghazi DM patients showed that
hypertension was associated with older age, male sex, DM
duration, and overweight.* The prevalence of HTN
depends on the type and duration of diabetes, age, sex,
race/ethnicity, BMI, and history of glycemic control.?>

Although hypertension is a significant and controllable
risk factor for many diseases, its asymptomatic nature makes
many people to get life-threatening complications.*
Different studies revealed that 50% of the total HTN cases
were diagnosed during the study which indicates that HTN is
an underdiagnosed comorbid disease in DM patients.>***
Information about the prevalence of hypertension in different
countries of the world is important to design appropriate
policies to tackle the impact of hypertension on DM.?
Furthermore, recognizing associated factors of hypertension
among diabetic patients is important for both healthcare
professionals, to successfully minimize its impact on
patients, and policy-makers for designing appropriate strate-
gies to avoid such factors. However, such data are scanty in
Ethiopia, particularly in Debre Tabor. Therefore, this study
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aimed to determine the prevalence and associated factors of
hypertension among T2DM patients at Debre Tabor General
Hospital.

Methods and Materials
Study Design, Area, and Period

We conducted an institution-based cross-sectional study at
Debre Tabor General Hospital, Debre Tabor, Northwest
Ethiopia which is located 667 km away from Addis
Ababa, the capital city of Ethiopia. The actual data collec-
tion period was from February 1 to May 30, 2019.

Source and Study Population

All T2DM patients of Debre Tabor General Hospital were the
source population and all T2DM patients who came to the
diabetic clinic during the data collection period were the study
population.

Sample Size Determination and Sampling

Technique

The required sample size (n) was estimated using a single
population proportion formula proposed by Cochran'* by
taking a 56% proportion of hypertension among T2DM
patients of another study,”® 0.05 level of significance (o),
and 5% margin of error.

_(Z%)*p(1—p) _ (1.96)%0.56(1 — 0.56)

— 378
& (0.05)2

Where n = the desirable sample size, (0/2) = the critical
value at 95% level of significance (1.96), p = proportion of
hypertension among T2DM (0.56), and d = precision of
(0.05).
Therefore, the final sample size for this study was 378.

measurement  (acceptable marginal error)
Computer-generated simple random sampling technique
by using their medical registration number was employed

to select the study participants.

Inclusion and Exclusion Criteria

We included adult T2DM patients who were present dur-
ing the study period. Type 2 DM patients who were
severely ill, with a history of hypertension before the
diagnosis of T2DM, and pregnant women were excluded
from the study.

Variables of the Study

Dependent variable: Hypertension

Independent variables: Age, sex, residence, occupation,
monthly income, educational level, cigarette smoking,
treatment options for diabetes, BMI, duration of T2DM,
fasting blood glucose (FBG), and glycated hemoglobin
(HbAlc).

Operational Definitions

Hypertension (HTN)

Patients with Systolic Blood Pressure (SBP) and/or
Diastolic Blood Pressure (DBP) of 140/90 mmHg or
greater, respectively,”’ or patients on antihypertensive
therapy were taken as hypertensive.

Staging of Hypertension

Blood pressure of 120/80 to 139/89 is prehypertension; BP
of 140/90 to 159/99 is Stage 1 HTN; 160/100 to 179/109 is
Stage 2 HTN, and BP >180/110 is hypertensive crisis.”'

Current Smokers
A person who smoked a cigarette at least once in the last
month before the study.

Poor Glycemic Control
A poor glycemic control was considered when a patient
had HbAlc >7%.”

Data Collection Instrument and

Procedure
We used pre-tested interviewer-administered questionnaire
to collect the data. The questionnaire were adapted from

; 19,20,24,25,28-31
relevant literatures'?2%-242528-3

and reviewed by clinicians
in diabetes care to ensure its content validity. It was initially
prepared in English by language experts, and translated into
the local language (Amharic) and then retranslated to English
by another expert to ensure its consistency. Data were col-
lected by 4 nurses (BSc) and one supervisor (MSc). Type 2
DM patients were identified by checking the physician diag-
nosis on their chart/medical record. A person is considered as
having T2DM when he/she has a FBG of >126 mg/dl,
HbA1C > 6.5%, or on medication for T2DM.>**

Data on socio-demographic characteristics (age, sex,
residence, educational status, occupation, monthly income,
and current cigarette smoking status) were collected from
participants by interview. Age was categorized as <50,
50-59, and > 60 years and educational status was categor-
ized as cannot read and write, read and write, elementary
(1-8), and secondary education and above while income
was categorized by interquartile range. The clinical data
like duration of T2DM and type of anti-diabetic drug on
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use were extracted from patients’ medical records. Body
weight (kg) and height (cm) were measured to the nearest
0.1 unit in barefoot subjects with light clothing. Body
mass index (BMI) was calculated as weight divided by
height squared (kg/mz). BMI was classified into two cate-
gories (< 25 and >25) according to their risk of
hypertension.>* Blood pressure (BP) was recorded using
a mercury sphygmomanometer BP cuff with the appropri-
ate size that covers two-thirds of the arm with the subject
in the sitting position. The arm which was used for BP
measurement was supported on a flat table. Participants
were asked to rest for at least 5 minutes and if they were
taking any caffeinated beverages they were rested for 30
minutes before measurement. Two consecutive measure-
ments were taken 5 minutes apart, and the mean value was
taken. All patients were advised to fast on the morning of
their clinic appointment to allow for the measurement of
their FBG using a glucometer. Patients underwent venous
sampling for FBG and HbAlc, and the blood sent to the
laboratory. Glycated hemoglobin was measured using
a 902 Automatic Analyzer with Roche/Hitachi kit.

Data Quality Control

To assure data quality, the questionnaire were pre-tested on 19
T2DM patients at another diabetic center (Addis Zemen
District Hospital). The training was given for data collectors.
Data were also appropriately entered and coded before
analysis.

Data Processing and Analysis

Data were checked for completeness, entered into Epi
Data-V.4.6, and analyzed using Stata-14. Bivariable logis-
tic regression analysis was performed to determine the
association of each independent variable with hyperten-
sion. All variables with a p < 0.25 in the bivariable
analysis were entered into multivariable logistic regres-
sion. In multivariable logistic regression, a p <0.05 was
considered statistically significant. The strength of associa-
tion of factors, with hypertension was demonstrated by
computing the adjusted odds ratio (AOR) and its 95%
confidence interval (CI).

Results
Socio-Demographic and Clinical

Characteristics of Study Participants
A total of 378 T2DM patients with a mean age of 56.0
years (SD +12.0) participated in the study. One hundred

and fifty (39.7%) of the study participants were 60 years
old and above. Majority of the study participants were
males (225 (59.5%)), urban residents (250 (66.1 %)),
unable to read and write (145 (38.4%)), and government
employees (115 (30.4%)). One hundred and eleven
(29.9%) study participants earned a monthly income of
92.1-153.4 USD (United States dollar). The mean duration
of T2DM since diagnosis was 11.8 (SD + 5.0, range: 2-28)
years. Most (75.6%) of the study participants had a BMI of
25 kg/m? and above. The mean glycated hemoglobin was
6.9% (SD= 1.2) and 224 (59.3%) had poor glycemic con-
trol. The mean FBG was 152.1 mg/dl (SD=+ 20.1), and the
mean systolic and diastolic blood pressure of T2DM
patients were 134.6 mmHg (SD + 26.1) and 86.4 mmHg
(SD+ 14.3) respectively. Two hundred and ninety-three
(77.5%) patients relied on oral hypoglycemic agents as
treatment option for DM. Twenty-six (6.9%) study parti-
cipants were current cigarette smokers (Table 1).

Prevalence and Patterns of Hypertension
The prevalence of hypertension was 59.5% (225/378)
(95% CI: 54.5-64.5). Of these, 65 (17.2%) were newly
diagnosed at the time of data collection. Only 41 (25.6%)
of previously diagnosed hypertensive patients properly
controlled their blood pressure. The majority (30.95%) of
hypertensive patients were stage 1. Forty-five (11.9%) of
study participants were stage 2; 22 (5.8%) on hypertensive
crisis; and 86 (22.7%) were pre-hypertensive (Figure 1).
Hypertension was predominant among >60 years age
group (106 (70.7%)), males (146 (64.9%)), urban dwellers
(177 (70.8%)), overweight participants (192 (67.1%)),
patients who attained elementary school (41 (74.6%)),
merchants (75 (79.8%)), insulin users (24 (64.9%)), those
with poor glycemic control (160 (71.4%)), and current
cigarette smokers (21 (80.8%)) (Table 2).

Factors Associated with Hypertension
Among T2DM Patients

Crude association of all independent variables with the
dependent variable (HTN) was checked by binary logistic
regression. Age, sex, residence, monthly income, occupa-
tion, educational status, T2DM duration, BMI, and cigar-
ette smoking were a candidate for the final model. In the
multivariable analysis; age, residence, duration of T2DM,
BMI, poor glycemic control, and current cigarette smoking

were significantly associated with HTN.
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Table | Socio-Demographic and Clinical Characteristics of Type
2 Diabetes Mellitus Patients, Debre Tabor, Northwest Ethiopia,

2019

Variable Frequency(%)/Mean(t
SD)
Age in Years
<50 85(22.5)
50-59 143(37.8)
260 150(39.7)
Gender
Male 225 (59.5)
Female 153 (40.5)
Residence
Urban 250 (66.1)
Rural 128(33.9)
Educational Status
Cannot read and write 145(38.4)
Read and write 75 (19.9)
Elementary(1-8) 55 (14.6)
Secondary education and above 103 (27.3)
Occupation
Govt employee 115 (30.4)
Merchant 94 (24.9)
House wife 92 (24.3)
Farmer 65 (17.2)
Other® 12(3.1)
Monthly income(USD)
<92.0 95(25.1)
92.1-153.4 113(29.9)
153.5-199.4 93 (24.6)
>199.4 77 (20.4)
Duration of DM (years)® 11.8+ 5.0
BMI (kg/m?)
<25 92(24.3)
225 286 (75.6)
HbAIc* 6.9+ 12
Glycemic Control
Good 154(40.7)
Poor 224(59.3)
Fasting blood sugar (mg/dl)? 152.1(SD% 20.1)
Systolic blood pressure (mmHg)? 134.6 + 26.1
Diastolic blood pressure (mmHg)* 86.4 + 143
Type of Anti-Diabetic on Use
OHA 293(77.5)
Insulin 37(9.8)
Insulin + OHA 48 (12.7)
Current Cigarette Smoking
Yes 26(6.9)

(Continued)

Table | (Continued).

Variable Frequency(%)/Mean(t
SD)
No 352(93.1)

Hypertension Self-Reported or on

Treatment
Yes 160(42.3)
No 218 (57.7)

Notes: "Daily laborer, nongovernmental organization workers; *Continuous vari-
ables expressed as mean +SD.

Abbreviations: OHA, oral hypoglycemic agent; BMI, body mass index; DM,
diabetes mellitus; USD, United States Dollar.

The odds of acquiring HTN was 2.5 times higher in the
age group of 50-59 (AOR=2.5, 95% CI (1.27-4.90)) than
those below 50 years old. Patients from urban areas were
2.8 times (AOR = 2.8, 95% CI (1.08-7.18)) more likely to
be hypertensive than their counterpart. A one year increase
in the duration of T2DM increases likelihood of develop-
ing HTN by 16% (AOR =1.16, 95% CI (1.08-1.25)).
Those patients with BMI > 25 kg/m*> were 3.2 times
more likely to develop hypertension (AOR = 3.2, 95%
CI (1.71-5.96)) than those with BMI < 25 kg/m’.
Patients with poor glycemic control had 3 (AOR = 3.0,
95% CI (1.75-5.19)) times likelihood to develop HTN as
compared to those with good glycemic control. Type 2
DM patients who were current cigarette smokers were 3.9
times (AOR = 3.8, 95% CI (1.98-14.96)) more likely to
develop HTN than those who were not (Table 2).

Discussion

This study revealed the prevalence and associated factors
of HTN among T2DM patients at Debre Tabor General
Hospital. The prevalence of hypertension in this study was
59.5% which is in line with studies in Hosanna (55%),
Adama, Ethiopia (56.3%),>' Botswana (63.1%),>° and
Israel (60.2%).>* However, the current finding is higher
than the prevalence reported at Jimma, Ethiopia (46.5%).%
The possible reason for this could be due to the presence
of age difference between the two study populations. The
age of study participants in a study conducted at Jimma

was < 45 years among 48.9% patients,>’

resulting in
a lower prevalence of hypertension, whereas only 22.5%
of the study population in our study were below 50 years
old with a large proportion of >50 years old population.
This may be the possible cause of a higher prevalence of

hypertension due to the fact that age increment is
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Figure | Blood pressure levels of type 2 DM patients, Debre Tabor, northwest Ethiopia, 2019.

associated with a higher prevalence of hypertension.*® The
prevalence of hypertension in this study is also higher than
that of Nigeria (54.2%)."? This difference could be due to
the higher mean duration of T2DM (11.8 years) in our
study than the study in Nigeria (6.6 years). Different
studies showed that an increase in the duration of T2
DM is associated with an increased prevalence of
hypertension.?****73% On the contrary, the prevalence of
HTN in this study is lower than the findings reported in
Jordan (72.4%)*® and Iraq (89.6%).2° The higher preva-
lence in these studies is most likely due to the cut point
used for the diagnosis of hypertension, which was defined
at a lower level of blood pressure (>130/80 mmHg). The
other possible difference might be due to a difference in
BMI of the study populations. Greater than 91% of the
Jordan study population had a BMI of > 25kg/m?, which is
higher than the proportion of our study population whose
BMI was > 25kg/m?. So the higher BMI in Jordan might
be the possible cause for the higher prevalence of hyper-
tension because high BMI is associated with increased risk
of hypertension.***~%42 The higher prevalence of hyper-
tension reported in three Moroccan regions (70.4%)* is
perhaps related to the fact that most diabetics were aged

old and over,
29,4344

60 years having a high risk of
hypertension.

The odds of getting HTN among T2DM patients was
higher in the age group of 50-59 years than the age group
of <50 years. This was supported by the study done in
Israel,>* Iraq,20 Botswana,>® and Jordan®® which reported
that the prevalence of HTN was increased with age. It
could be attributable to the vascular changes during
aging. As age increases, arterial stiffening and thickening
will be triggered by a complex change in each layer of
blood vessels.”” Aging induced thickening of the intima
compromises endothelium integrity and decreases the
availability of vasodilators like nitric oxide.* Stiffening
of the arterial walls disturbs the normal blood flow, creat-
ing favorable conditions for calcium and fatty deposits to
accumulate on the inside of the arteries to narrow the
artery further and cause hypertension.*** Patients from
urban areas were more likely to have hypertension than
those who were from rural areas. This is consistent with
the finding of other studies.”>**>% A sedentary lifestyle
and changes in dietary habits following increasing urbani-
zation are the main contributors to the rise of hypertension

51,5

in urban areas®'>? especially in Africa.’® An increase in

submit your manuscript
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Table 2 Factors Associated with Hypertension Among Type 2 Diabetes Mellitus Patients, Debre Tabor, Northwest Ethiopia, 2019

Variable Hypertension OR (95% CI)
Yes (n= 225) No(n=153) COR AOR
Age
<50 38(44.7) 47(55.3) | 1.00
50-59 81(56.6) 62(43.4) 1.6 (0.94-2.77) 2.5(1.27-4.90)**
260 106(70.7) 44(29.3) 2.98(1.71-5.18) 1.7(0.792-3.67)
Gender
Male 146(64.9) 79(35.1) 1.73(1.14-2.63) 1.4(0.65-2.77)
Female 79(51.6) 74(48.4) | 1.00
Residence
Urban 177(70.8) 73(29.2) 4.04(2.58-6.33) 2.8(1.08-7.18)*
Rural 48(37.5) 80(62.5) | 1.00
Monthly Income(USD)
<92.0 50(52.6) 45(47.4) | 1.00
92.1-153.4 68(60.2) 45(39.8) 1.36(0.78-2.36) 1.2(0.60-2.44)
153.5-199.4 48(51.6) 45(48.4) 0.96(0.54-1.70) 0.9(0.44-1.97)
>199.5 59(76.6) 18(23.4) 2.95(1.52-5.73) 1.5(0.60-3.74)
Educational Status
Unable to read and write 72(49.7) 73(50.3) 0.6(0.36—1.00) 1.1(0.41-3.01)
Read and write 48(64.0) 27(36.0) 1.1(0.59-2.00) 1.8(0.67-4.90)
Elementary(1-8) 41(74.6) 14(25.5) 1.8(0.86-3.69) 1.7(0.60—4.85)
Secondary and above 64(62.1) 39(37.9) | 1.00
Occupation
Farmer 28(43.1) 37(56.9) | 1.00
Gov't employee 74(64.3) 41(35.6) 2.39(1.28—4.44) 0.8(0.210-2.93)
Merchant 75(79.8) 19(20.2) 5.20(2.58-10.53) 0.6(0.17-2.04)
House wife 43(46.7) 49(53.3) 1.16(0.61-2.20) 0.9(0.31-2.59)
Other® 5(41.7) 7(58.3) 0.94(0.27-3.29) 0.5(0.08-2.83)
Duration of DM? 13.4(£5.0) 1.20(1.14-1.27) 1.16(1.08—1.25)***
BMI
<25 33(35.9) 59(64.1) | |
225 192(67.1) 94(32.9) 3.7(2.23-5.97) 3.2(1.71-5.96)**
Glycemic Control
Good 65(42.2) 89(57.8) | |
Poor 160(71.4) 64(28.6) 3.42(2.22-5.27) 3.0(1.75-5.19)***
Type of Anti-Diabetic on Use
OH 170(58.0) 123(42.0) |
Insulin 24(64.9) 13(35.1) 1.33(0.65-2.73)
Insulin + OHA 31(64.6) 17(35.4) 1.32(0.70-2.49)
Current Cigarette Smoking
Yes 21(80.8) 5(19.2) 3.04 (1.12-8.27) 3.9(1.98-14.96)*
No 204 (57.9) 148(42.1) | |

Notes: "Daily laborer; *Continuous variables expressed as mean +SD; *Significant at p<0.05; **Significant at p<0.01; ***Significant at p< 0.0001.
Abbreviation: USD: United States Dollar.

the duration of T2DM was associated with an increase in  relationship with the prevalence of hypertension.?*%3*

the likelihood of developing HTN. Consistently, other = This might be because as the duration of T2DM increases
studies reported that the duration of T2DM has a direct the effect of hyperglycemia, dyslipidemia, and insulin
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resistance will be more pronounced.” As the duration gets
longer, changes caused by diabetes mellitus, such as
micro-vascular damage, sympathetic damage, an enhanced
renin-angiotensin system, and decreased insulin sensitivity
will get worse and aggravate hypertension.’” Similarly,
age is also increasing, thus blood vessels become more
stiffened, which in turn are highly related to the develop-
ment of hypertension.® Those patients with high BMI
were many times more likely to develop hypertension
than those with normal BMI. This finding is in agreement
with different studies in different countries.’***>%4! The
possible justification for the association between BMI and
hypertension is due to the reason that obesity increases salt
and water reabsorption in the kidney by directly activating
mineralocorticoid receptors. This leads to an increase in
blood volume and finally hypertension.42 Furthermore,
obesity generally decreases parasympathetic tone and
increases sympathetic activity resulting in increased
cardiac output and vasoconstriction followed by
hypertension.** Sympathetic stimulation and compression
of the kidney by visceral obesity lead to activation of
RAAS, resulting in the rise of the blood level of angio-
tensinogen II and aldosterone, which increase blood
volume by different mechanisms.”® At the same time,
angiotensinogen II is a potent vasoconstrictor.*> These
effects together lead to hypertension. Patients with poor
glycemic control had higher odds of hypertension than
patients with good glycemic control. This finding is in
agreement with the finding of many other studies.”®¢->*
This association is attributable to persistent hyperglyce-
mia. Excess glucose chemically attaches to free amino
groups of proteins, collagen, and other long-lived proteins
in blood vessel walls which, in turn, may trap circulating
low-density lipoprotein (LDL) that promotes the deposi-
in the

atherogenesis and subsequent hypertension.”” Also, hyper-

tion of cholesterol intima, thus accelerates
glycemia increases the osmolality of the extracellular fluid,
triggering water to shifts from the intracellular to extra-
cellular space and cause volume expansion and high BP.®

Diabetes mellitus patients who were current cigarette
smokers were more likely to develop HTN than those who
were not. This finding is consistent with other studies.®'®>
It could be as a result of the unscrupulous effect of nico-
tine and other ingredients of cigarettes on blood vessels.>
Nicotine inhibits vasodilation by impairing nitric oxide
production.®*** It also stimulates the release of catechola-
mine, which increases platelet aggregation, thrombosis,

and vasoconstriction. Moreover, nicotine induces insulin

resistance, dyslipidemia, vascular inflammation, and
abnormal vascular growth.®>** Activation of endogenous
free radicals by nicotine or the free radicals directly from
cigarette smoke leads to oxidative stress which is a major
contributor to atherosclerosis.®> All these effects narrow
blood vessels and predispose to hypertension.

Age, current cigarette smoking, and high BMI
(>25kg/m?) which were significantly associated with
hypertension in T2DM patients in the current study
were also found significantly associated with hyperten-
sion in non-diabetic patients in other studies.®'-6%6¢-¢
But the degree of association of the aforementioned fac-
tors with hypertension in the two sets of the population is
different. They have a stronger association with hyper-
tension in the diabetic population. The odds of hyperten-
sion (3.9) in the currently smoking diabetic population of
the current study is higher than that of the currently
smoking non-diabetic population in Nepal (2.0),°
Jordan (1.8),°% Jilin Province, China (1.2),°" and Kenya
(1.1).°® The odds of hypertension (3.7) in diabetic popu-
lations with high BMI were higher than that of the non-
diabetic population with the same high BMI in Nepal
(1.2),%° Ethiopia (2),*' Kenya (2.4),°® and Greek 2.6.°”
Similarly, the likelihood of hypertension in elder diabetic
patients is higher than the elder non-diabetic population
in different studies.®®® These results imply that these
factors on hypertension are worse for people with T2DM

than non-DM patients.

Conclusions

The prevalence of hypertension was high. Only 25.6% of
previously diagnosed hypertensive patients were normo-
tensive. Stage 1 hypertension was the most common. Age,
residence, duration of T2DM, BMI, cigarette smoking, and
glycemic control were significantly associated with hyper-
tension. Diabetes care providers should work coordinately
with other health sector stakeholders to prevent hyperten-
sion by designing preventive strategies especially for those
at higher risk of developing HTN. Future research using
a larger sample size should be carried out to investigate the
causes of uncontrolled blood pressure among diabetic
patients.

Limitations of the Study

Since the study was cross-sectional, it cannot show the
cause-effect relationship. Small sample size and the miss-
ing of some important variables like the history of
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medication of hypertensive patients were other limitations
of this study.
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