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Abstract

Background Hypertension, among diabetic patients, is a worldwide public-health challenge and a number one
modifiable risk factor for other cardiovascular diseases and death. The prevalence of hypertension among the diabetic
population is nearly twice of nondiabetic patients. Screening and prevention of risk factors for hypertension based

on evidence from local studies is required to minimize the burden of hypertension among diabetic patients. This
study is aimed at assessing the determinants of hypertension among diabetic patients in Wolaita Sodo University
Comprehensive Specialized Hospital, Southern Ethiopia, 2022.

Methods Facility-based unmatched case-control study design was conducted from March 15 to April 15, 2022, at
the outpatient diabetic clinic, Wolaita Sodo University Comprehensive Specialized Hospital. A total of 345 diabetic
patients were selected using systematic random sampling techniques. Data were collected using a structured
questionnaire by interviewing and extracting from the medical chart of patients. Bivariate logistic regression followed
by multiple logistic analysis was used to identify the determinants of hypertension among diabetic patients. A p-value
less than 0.05 is considered to be statistically significant.

Results The significant determinants of hypertension among diabetes patients were being overweight [AOR=2.06,
95% Cl (1.1, 3.89), P=0.025], being obese [AOR=2.64, 95% Cl (1.22, 5.70), P=0.013], lack of Moderate intensity exercise
[AOR=2.41,95% Cl (1.36,4.24), P=0.002], age [AOR=1.03,95% CI (1.01, 1.06), P=0.011], Type 2 diabetes mellitus
[AOR=5.05,95% Cl (1.28, 19.88), P=0.021], duration of diabetes mellitus > 6 years [AOR=7.47,95% Cl (2.02, 27.57),

P =0.003], diabetic nephropathy [AOR=3.87,95% Cl (1.13, 13.29), P=0.032], and urban residence [AOR=2.11, 95% Cl
(1.04,4.29), P=0.04].

Conclusion Being overweight and obese, lack of moderate-intensity exercise, age, type 2 diabetes mellitus, duration
of Diabetes > 6 years, presence of diabetic nephropathy, and being urban residents were significant determinants of
hypertension among diabetic patients. These risk factors can be targeted by health professionals for prevention and
earlier detection of hypertension among diabetic patients.
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Background

Hypertension, defined as a sustained systolic and dia-
stolic blood pressure greater than 140/90 Millimeters of
mercury (mmHg), is common among both type 1 and
type 2 diabetes [1]. This definition is predicated on unam-
biguous data that levels above this threshold are strongly
related to mortality and morbidity due to Atherosclerotic
Cardiovascular Disease (ASCVD), and microvascular
complications as well as antihypertensive treatment in
populations with baseline systolic and diastolic blood
pressure above this range reduces the occurrence of
ASCVD events and microvascular complications. The
“sustained” aspect of the hypertension definition is vital,
as blood pressure measurements have a considerable
normal variation [2].

Atherosclerotic Cardiovascular Disease (ASCVD)
is defined as an acute coronary syndrome, myocar-
dial infarction (MI), angina, coronary or other arterial
revascularization, stroke, transient ischemic attack, or
peripheral arterial disease presumed to be of atheroscle-
rotic origin is the number one cause for morbidity and
mortality of people with diabetes and is that the largest
contributor to the direct and indirect costs of diabetes.
Microvascular complications include diabetic nephropa-
thy, retinopathy, and neuropathy [3, 4].

Diabetes mellitus is a chronic medical condition that
is characterized by raised blood glucose levels as a result
of very little or no insulin hormone production or insulin
resistance in the body. There are three main types of dia-
betes namely type 1, type 2, and gestational diabetes mel-
litus. Type 1 diabetes mostly causes diabetes in children
but can occur at any age. Type 2 diabetes accounts for
the majority which is around 90% of diabetes worldwide.
Gestational diabetes mellitus is a type of diabetes where
the diagnosis is first made during pregnancy [5].

Hypertension (HTN) is common among patients
with diabetes, with the prevalence differing with type
and duration of diabetes, age, sex, race/ethnicity, body
mass index, history of glycemic control, and the pres-
ence or absence of a renal problem, among other factors
[6-8]. In addition, Hypertension among diabetic patients
remains a strong modifiable risk factor for atheroscle-
rotic diseases, and microvascular complications. Hence,
Blood pressure should be measured at every routine
clinical care visit for diabetic patients and risk factors for
increased blood pressure should be prevented and con-
trolled accordingly [9].

Hypertension and diabetes mellitus have become major
public health problems globally, and both are signifi-
cant risk factors for Atherosclerotic Cardiovascular Dis-
ease (ASCVD). Globally, nearly one billion people have
HTN; of these, 76% are in developing countries and it is
predicted that by 2025, up to 1.56 billion adults world-
wide will be hypertensive [10]. Hypertension causes
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approximately 7.5 million mortality annually, accounting
for 57 million disability-adjusted life years, and for about
6% of mortality worldwide [11, 12]. Additionally, diabe-
tes mellitus (DM) is growing at the fastest proportion
globally, with the number of adult diabetes population
increased more than three times over the past 20 years.
The global estimate of the adult diabetes population was
151 million in 2000. By 2009 it had increased by 88% to
285 million. In 2019, International Diabetes Federation
calculated that 9.3% of adults aged 20-79 years which is
around 463 million people are living with diabetes. Ethio-
pia is one of the four African countries with the highest
number of diabetes (1.7 million) in adults 20-79 years of
age [5].

Hypertension, among diabetic patients, is a worldwide
public health problem [13]. The diabetic population is
nearly twice more affected by hypertension as non-dia-
betic patients [14]. Compared with other cardiovascular
disorders, HTN is the leading comorbid disease in dia-
betic patients and its effects are devastating if not con-
trolled [15, 16]. Different studies in Africa have shown a
high prevalence of Hypertension among diabetic patients.
A study conducted in Kenya reported that 50% of dia-
betic patients had HTN [17]. Another study in Nigeria
reported that 54.2% of diabetic individuals had HTN [18].
Similarly, According to the studies conducted in Ethiopia,
the prevalence of hypertension among diabetic patients
was 59.5% (Debre Tabor) [19], 56.3% (Adama) [20], and
46.5%(Jimma) [21].

The occurrence of both hypertension (HTN) and diabe-
tes mellitus (DM) significantly increases the risk of devel-
oping macrovascular complications, leading to a higher
incidence of coronary heart disease, heart failure, periph-
eral arterial disease, and stroke, and also increases the
risk of microvascular complications, such as nephropathy
or retinopathy [22].In addition, the development of HTN
in diabetic individuals complicates the treatment plan
and increases the costs associated with health care [23].

Up to 80% of people with diabetes will die of cardio-
vascular disease, especially HTN and stroke [24, 25]. The
presence of both hypertension and DM contributes to the
risk of death and cardiovascular events by 44% and 41%,
respectively, as compared to 7% and 9% of these risks in
people with diabetes alone [26].

The United Kingdom Prospective Diabetes Study dem-
onstrated that blood pressure control results in the pre-
vention of cardiovascular complications in patients with
diabetes. Each 10 mmHg decrease in mean systolic blood
pressure brings about a 12% reduction of any complica-
tion related to diabetes and a 15% reduction in mortal-
ity related to diabetes [27]. Older age, overweight/obesity,
unhealthy diet, lack of physical exercise, smoking, family
history of hypertension, and being an urban resident are
major risk factors for HTN [28-31].
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The coexistence of hypertension and diabetes has not
been given adequate attention in many low-resource set-
ting countries like Ethiopia. In some parts, this is mainly
due to health care being stretched by other priorities like
Human Immune deficiency Virus/Acquired Immune
Deficiency Syndrome (HIV/AIDS), tuberculosis, and
malaria. However, the urbanization of the country has
created a change within the lifestyles of the population
related to nutrition, physical activities, and behaviors like
smoking, alcohol, and drug use among urban dwellers,
which increases the likelihood of developing non-com-
municable diseases (NCDs) like hypertension and dia-
betes. Therefore, it’s time to deal with NCDs particularly
the coexistence of hypertension and diabetes.

Moreover, Hypertension is the most important modi-
fiable risk factor for coronary heart disease, stroke,
congestive heart failure, end-stage renal disease, and
peripheral vascular disease. These risks are more preva-
lent and serious in diabetic patients. Many Sub-Saharan
African countries, including Ethiopia, lack detailed basic
data on the determinants of hypertension among dia-
betic patients [32]. There are few studies on the preva-
lence of hypertension among diabetes patients, however,
published information on determinants of hyperten-
sion among diabetes patients is sparse. To date, there is
a lack of published evidence regarding the determinants
of hypertension among diabetic patients in the Wolaita
Zone. Hence, this study aimed at assessing the determi-
nants of hypertension among diabetic patients in Wolaita
Sodo University Comprehensive Specialized Hospital,
southern Ethiopia.

Methods

Study setting and period

The study was conducted from March 15 to April 15,
2022, at Wolaita Sodo University Comprehensive Spe-
cialized Hospital which is located in Sodo town, Wolaita
Zone, Southern Ethiopia, 329 km from Addis Ababa, the
capital city of Ethiopia [33].

Study design
Facility-based Unmatched case-control study design was
conducted.

Study population

All diabetic patients who were attending the diabetic
clinic at Wolaita Sodo University Comprehensive Spe-
cialized Hospital for follow-up during the study period
were involved in this study. The cases are all diabetic
patients diagnosed with hypertension and the controls
are all diabetic patients without hypertension who meet
the eligibility criteria.

Page 3 of 11

Eligibility criteria

Inclusion criteria All diabetic patients aged>18 years
and who had been following up at a diabetic clinic during
the study period were included in the study.

Exclusion criteria Patients who were severely ill, preg-
nant women, not able to communicate, and developed
hypertension before diabetes were excluded from the
study.

Sample size determination

The sample size was calculated by using EPI Info soft-
ware version 7.2.3.1 with the following Parameters:
significance=95%; power=80%; Adjusted odds ratio
(AOR)=3.9. The Case to control ratio is taken to be 1:2
and The proportion of controls with exposure was 4%.
The odds ratio was taken from a study conducted in
Debre tabor, Northwest Ethiopia, taking current smok-
ing status as a risk factor for hypertension resulting in
the maximum sample size of 311 [19]. Assuming a non-
response rate of 10%, the sample size for cases and con-
trols was found to be 115 and 230, respectively, which
gave us a total sample of 345.

Sampling procedure and technique

A systematic random sampling technique was used to
select the study subjects. There were 40 patients on aver-
age will be seen daily in the diabetic clinic which gives a
total of 880 diabetic patients in one-month duration. Two
sampling intervals (Ks), one for cases and one for con-
trols, were calculated by dividing the number of cases
(250) and controls (630) of the population (N) by their
respective number of cases (115) and controls (230) of
the sample (n). So, the sampling interval (K) became 2.
Therefore, the subjects were selected for every K interval
(K=2) of cases and controls, and the first study subjects
were selected by lottery method.

Study variables

Dependent variables: The presence or absence of hyper-
tension among diabetic patients is the dependent
variable.

Independent variables: The independent variables were
socio-demographic factors (sex, age, education status,
residence, marital status, occupation, ethnicity, and reli-
gion), behavioral risk factors (cigarette smoking, alcohol
drinking, and chat chewing), health profiles (type and
duration of DM, Diabetic self-care practice and family
history of HTN and others), and nutritional risk factors
(heavy salt consumption, overweight and obesity).

Data collection tools and procedures

Data was collected by interviewing the study partici-
pants and extracting from the medical chart of patients
using a structured questionnaire after getting verbal
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informed consent from the participants. Questionnaires
were developed by reviewing different relevant litera-
ture. A review of the diabetic patients’ records was con-
ducted to identify cases and controls. Cases and controls
were recorded by identification number. Before data
collection, the study subjects were identified as cases
and controls based on the identification number by the
supervisor. The data collectors were blinded to the status
of the respondent and they were unable to identify the
study subject as case and control.

The questionnaire had three parts: part I, social demo-
graphic data and health profile data; part II, Risk factors
like behavioral and nutritional factors; and part III, Physi-
cal measurement, laboratory tests, and diabetic compli-
cations. Laboratory tests were analysed for blood glucose,
total cholesterol and HDL cholesterol using CardioCheck
PA Analyser and for Triglycerides levels using Cobas
Integra 400 Plus (Roche Diagnostics GmbH, Mannheim,
Germany) clinical chemistry analyser. The variables that
were taken from the medical chart of patients include
duration with diabetes since diagnosis, type of diabetes,
the presence of complications, and fasting blood sugar
during the first diagnosis of diabetic patients of both
cases and controls.

Operational definitions

Hypertension - the average of casual systolic blood pres-
sure readings>140 mmHg and/or diastolic pressure
readings =290 mmHg [1].

Body Mass Index (BMI) - Underweight: BMI<18.5 kg/
m2; Normal weight: 18.5<BMI<25; Overweight:
25<BMI < 30; obesity BMI>30 [34].

Waist Circumference: High risk=94 c¢cm in men and
80 ¢cm in women; substantially high risk>102 cm in men
and >88 cm in women [35].

Waist to Hip ratio (WHR): Substantially high=0.90 cm
in men and >0.86 cm in women [35].

Waist-to-height ratio (WHtR): Values for both sexes:
low risk 0.40-0.49, high risk 0.50-0.59, and substantially
high risk>0.60 [36].

Glycemic control: Glycemic status was considered as
good glycemic control if an average of four consecutive
fasting blood glucose measurements 80—130 mg/dL and
poor glycemic control if an average of blood glucose val-
ues on four consecutive visits were >130 or <80 mg/dL
[37].

Diabetes Self-care practice: It is a daily activity that the
individual patients were performed to manage diabetes
on their behalf (dietary practice, exercise, medication,
daily foot care, monitoring blood glucose). Diabetes self-
care practice was assessed by participants’ responses to
the 15-item Summary of Diabetes Self-Care Activities
(SDSCA) in the last 7 days. Response choices for each
question were range from 0 to 7 based on the number
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of days on which the indicated behavior was performed.
The overall mean score was estimated by the summation
of each item of the scale and divided by the total number
of questions. Therefore, after calculating the overall mean
score, participants who scored equal to or greater than
the mean score were classified as having good diabetes
self-care practice and those who scored below the mean
were considered as having poor self-care practice [38].

Regular exercise: defined in this study as moderate-
intensity aerobic physical activity(walking and run-
ning) for at least 30 min at least 5 days a week or at least
150 min/per week [39].

Excess salt consumption: people who reported every
use of top-added salt on a plate [40].

Heavy Alcohol Consumption - Refers to the aver-
age consumption of more than 5 standard alcoholic
drinks per day for men (=50gm of alcohol) or >4 alco-
holic drinks (or 40gm of alcohol) for women. A standard
alcoholic drink is the equivalent of one glass/can/bottle
(330ml) of regular beer (with 3% ethanol), one glass
(100ml) of wine (10% ethanol), or one glass or measure
(40ml) of distilled spirit, each of which adds up to about
10 g of ethanol per drink [41].

Current Smokers: A person who smokes any quantity
of cigarettes in the last 12 months was labeled as a cur-
rent smoker [42].

Khat chewing: Khat chewer was defined as khat chew-
ing at least once a week while occasional use was defined
as khat chewing less than once a week [43].

Data quality management

The questionnaire was initially prepared in English, and
it was translated into Ambharic. This questionnaire, pre-
pared in Ambharic, was translated back to English to
ensure consistency. Data were collected by three nurses
(B.Sc.) and two supervisors (B.Sc. /M.Sc.). The training
was given to data collectors by the principal investigator
and supervisors.

The questionnaire was pre-tested on 5% of the total
sample size a week before the actual data collection in
Dubo Hospital which is located in Areka town, Wolaita
Zone, Southern Ethiopia. Furthermore, the principal
investigator and supervisors gave feedback and correc-
tions on daily basis to the data collectors. Completion,
accuracy, consistency, and clarity of the collected data
were checked regularly.

Weight (in kilograms) was measured in light clothing
and without shoes using calibrated standard beam bal-
ance that is used for weight measurement in the medical
setup. The scale pointer was checked at zero before tak-
ing every measurement. The weight of the study partici-
pant was measured to the nearest 0.1 kg using a standing
beam balance. Height was measured using Stadiometer
in centimeters (cm) in an erect position in which the back
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of the head, shoulder blades, buttocks, and heels make
contact with the backboard at a precision. The measure-
ment was recorded to the nearest 0.1 cm. Body mass
index was calculated as weight in kilograms divided by
the square of height in meters (kg/m2) [44].

Waist and hip circumferences were measured using
a non-stretch tape meter with 0.1 cm precision. Waist
circumference was measured by placing a tape measure
around the bare abdomen at the midpoint between the
lower margin of the last palpable rib and the top of the
iliac crest of the hip bone. Hip circumference was mea-
sured by placing a tape measure around the hip at the
maximum circumference over the buttocks or around
the greater trochanter of the femoral bone. The waist-to-
hip ratio (WHR) and Waist to height ratio (WHtR) were
calculated using measurements of waist, hip circumfer-
ences, and height [45].

Data processing and analysis

The collected data were entered into Epi data version
4.6.0.2 and analyzed using Statistical Package for Social
Science (SPSS) version 25. Percentages and frequencies
were used to summarize categorical variables. The results
were presented by tables and graphs based on the nature
of the variable. The distribution of the continuous vari-
ables was checked for normality distribution. Mean with
standard deviation and median with interquartile range

Table 1 Socio-demographic characteristics of people with
diabetes on follow-up at Wolaita Sodo University Comprehensive
Specialized Hospital, Southern Ethiopia, 2022

Variables Cases, Controls, P
no. (%) no. (%) value

Sex Female 67(58.3%) 145(63%) 0.39
Male 48(41.7%) 85(37%)

Residence Urban 98(85.2%) 141(61.3%) 0.0001
Rural 17(14.8%)  89(38.7%)

Marital Single 2(1.7%) 29(12.6%) 0.305

status Married 113(98.3%) 200(87%)

Educational  No education 19(16.7%)  38(16.5%)

status Primary 25(21.9%) 61(26.5%) 0.589
Secondary 26(22.8%)  60(26.1%)  0.696
More than 44(38.6%) 71(30.9%) 0.528
Secondary

Occupation  Private work 19(16.5%)  56(24.3%)
Government 31Q27%) 49(21.3%) 0.376
employee
Farmer 6(5.2%) 37(16.1%)  0.241
Housewife 35(30.4%) 45(19.6%) 0217
Retired 23(20%) 16(7%) 0.252
Unemployed 1(0.9%) 27(11.7%)  0.335

Monthly </=1000ETB 39(34.2%) 73(35.6%)

income 1001-5000 ETB 60(52.6%)  111(54.1%) 0.963
>5000 ETB 15(13.2%) 21(10.2%) 0.459
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were used to summarize normally and non-normally dis-
tributed continuous variables respectively.

Analysis using a bivariate logistic regression model
was used to see the association between the explanatory
variables and the outcome variable. This was followed by
multivariable logistic regression analysis using those vari-
ables with a P-value of 0.2 or less in the bivariable analy-
sis. To check the goodness of fit of the statistical model,
the Hosmer-Lemeshow test was used. Multicollinearity
was assessed by the Tolerance test and variance inflation
factor. The Odds ratio with 95% CI was used to measure
the strength between the dependent and the independent
variables. A p-value less than 0.05 was used to determine
the level of statistical significance.

Results

Socio-demographic characteristics of the respondents

A total of 115 diabetic patients who had hypertension
(cases) and 230 DM patients who had no hypertension
(controls) were included with a response rate of 100%.
The mean (+SD) age was 55.1 (£11.9) years for cases and
44.3 (£13.8) years for controls. Forty-eight cases (41.7%)
and 85 (37.0%) controls were female participants. Most
of the cases (85.2%) and controls (61.3%) were living in
urban areas. Most of the cases (62%) and controls (70%)
attended only secondary education or less. In addition,
most of the cases (98.3%) and controls (87%) were mar-
ried. While 30% (30.4%) of the cases were housewives
then followed by government employees and private
work, only 24% (24.3%) of the control were in private
work then followed by government employees and
housewives (Table 1).

Health profile of the respondents

The median (IQR) reported duration of DM from the
diagnosis was 8 [5, 14] years in cases and 5 [2, 10] years
in controls. 15% of the cases and 5.2% of the controls
reported a family history of HTN. The majority of the
cases (97.4%) and controls (72.2%) were having type two
DM. Of the study participants, 44.3% of the cases and
48.7% of the controls reported using insulin. The major-
ity of cases (41.7%) but only a few of the control (23%)
were overweight and a higher percentage of cases (27.8)
as compared to controls (13%) were obese (Table 2).

Metabolic risk factors of hypertension

The median SBP (Q1, Q3) of the cases were 146 (136,155)
mmHg in cases and 126 (121,134) mmHg in controls.
Then, the median DBP (Q1, Q3) of the cases was 85 (79,
92) mmHg in cases and 79 (73, 85) mmHg in controls
(Table 3).
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Table 2 Health profile of people with diabetes on follow-up at
Wolaita Sodo University Comprehensive Specialized Hospital,
Southern Ethiopia, 2022
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Table 3 Metabolic factors of people with diabetes on follow-up
at Wolaita Sodo University Comprehensive Specialized Hospital,
Southern Ethiopia, 2022

Variables Cases,no. Controls, P
(%) no. (%) value
Type of DM type one 3(2.6%) 64(27.8%) 0.0001
type two 112(97.4%) 166(72.2%)
DM duration <1 year 3(2.6%) 40(17.5%)
2-5 year 30(26.1%) 79(34.6%) 0.011
>6 year 82(713%)  109(47.8%) 0.000
Family history of  Yes 18(15.7%) 12(5.2%) 0.002
hypertension No 97(843%)  218(94.8%)
Family history of ~ Yes 25(22.1%) 35(15.4%) 0.128
Diabetes No 88(77.9%) 192(84.6%)
Attended Dia- Yes 12(10.4%) 30(13%) 0486
betic education  No 103(89.6%)  200(87%)
Member of Yes 15(13%) 23(10%) 0.396
the diabetes No 100(87%)  207(90%)
association
Have a glucom-  Yes 17(14.8%) 29(12.6%) 0576
eter at home No 98(85.29%)  201(87.4%)
Comorbidity Yes 10(8.7%) 12(5.2%) 022
No 105(91.3%) 218(94.8%)
BMI status <25 kg/m2 35(304%)  147(64%)
25-29.9 kg/m2  48(41.7%) 53(23%) 0.0001
(Overweight)
>30 kg/m2 32(27.8%) 30(13%) 0.0001
(Obese)
Diabetes self-care  Poor 64(55.7%) 145(63%) 0.286
practice Good 51(443%)  85(37%)
Ever smoked to-  Yes 5(4.3%) 3(1.3%) 0.095
bacco products  No 110(95.7%)  227(98.7%)
Ever drunk alco-  Yes 13(11.3%) 19(8.3%) 0.360
holic drinks No 102(88.7%)  211(91.7%)
Top added salt Yes 33(28.7%) 64(27.8%) 0.87
No 82(71.3%) 166(72.2%)
Vigorous intensity Yes 16(13.9%)  33(143%) 091
exercise No 99(86.1%) 197(85.7%)
Moderate inten-  Yes 52(45.6%) 159(69.4%) 0.0001
sity exercise No 62(54.4%)  70(30.6%)
Diabetic Yes 17(14.8%) 6(2.6%) 0.0001
nephropathy No 98(85.2%)  224(97.4%)
Diabetic Yes 40(34.8%) 49(21.3%) 0.007
retinopathy No 75(65.29%)  181(78.7%)
Glycemic control ~ Good 16(14%) 36(16%) 0.636
Poor 98(86%) 189(84%)

Determinants of hypertension among Diabetic patients

The bivariate logistic regression model was used to see
the association between the explanatory variables and the
outcome variable. Then, eleven variables were selected
for the multivariable logistic regression analysis using the
P value less than 0.2 from the bivariate logistic regres-
sion. These included Age, Place of residence, type of DM,
duration of DM, family history of Hypertension, fam-
ily history of DM, smoking history, moderate-intensity

Variables Cases Controls
Median IQR(Q1,Q3) Median IQR(Q1,Q3)

Mean FBSinmg/ 166 74(136,210) 182 88(144,232)
di(n=339)
Hemoglobin Alc 64 1.2(5.9,7.1) 7.2 1.9(6.2,8.1)
% (n=37)
Triglyceride in mg/ 140 50(109,159) 142 80(110,190)
dl(n=132)
Total cholesterol in - 180 74(146,220) 154 55(135,190)
mg/dl (n=138)
HDL cholesterol in = 46 18(34,52) 40 22(30,52)
mg/dl (n=83)
LDL cholesterolin 108 59(73,132) 108 70(63,133)
mg/dl (n=90)
Creatinineinmg/ 1 0.4(0.8,1.2) 0.9 0.4(0.7,1.1)
dl (n=208)
Mean SBP in 146 19(136,155) 126 13(121,134)
mmHg(n=345)
Mean DBP in 85 13(79,92) 79 12(73,85)
mmHg (n=345)
Waist Male 96 9(92,101) 90 15(82,96.5)
Circumfer-  Fe- 106 16(98,114) 96 20(85.5,105)
ence male
Waist to Hip  Male 0.96 0.06(0.94,1.0) 0.95 0.06(0.91,0.98)
ratio (WHR)  Fe- 097 0.05(0.94,099) 0.95 0.07(0.91,0.98)

male
Waist-to- Male 0.57 0.08(0.53,0.60) 0.53 0.09(0.49,0.57)
heightratio  Fe- 066 0.1(0.60,0.70)  0.59 0.11(0.54,0.65)
(WHtR) male

Key: FBS=Fasting blood sugar, LDL=Low density lipoprotein, HDL=High
density lipoprotein

exercise, BMI, diabetic nephropathy, and diabetic reti-
nopathy. The crude and adjusted odds ratios along with
their 95% confidence interval were determined. Then, a
P-value less than or equal to 0.05 was considered to be
statistically significant.

Multiple logistic regression analysis results identified
no significant difference among cases and control for the
variables including a family history of hypertension, fam-
ily history of DM, ever-smoked tobacco products, and
diabetic retinopathy in this study.

Based on the result of the multivariable logistic regres-
sion analysis, the following variables were found to be
independent determinants of hypertension among dia-
betic individuals at a P value less than 0.05: Age, place of
residence, type of DM, Duration of DM, Moderate inten-
sity exercise, BMI, diabetic nephropathy and diabetic
retinopathy (Table 4). The model fitness was checked
by Hosmer and Lemeshow test (chi-square=8.843) with
P-value=0.356, and overall 82.7% of variables were cor-
rectly classified.

Being overweight and obese were significantly associ-
ated with hypertension among diabetic patients. The
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odds of hypertension were 2.06 times higher among
overweight diabetic individuals than those with nor-
mal weight [AOR=2.06, 95% CI (1.1, 3.89), P=0.025].
Similarly, obese individuals with diabetes had about 2.64
times higher odds of developing hypertension when com-
pared with normal weight [AOR=2.64, 95% CI (1.22,
5.70), P=0.013].

Moderate-intensity exercise was significantly associ-
ated with lower odds of hypertension among diabetic
individuals. Diabetic individuals with a lack of moder-
ate-intensity exercise had about 2.4 times higher odds to
develop hypertension [AOR=2.41, 95% CI (1.36, 4.24),
P=0.002].

Age was another significant independent determi-
nant of hypertension among diabetic patients. For each
one-year increase in age, there was a 3% increased odds
of developing hypertension among diabetic patients
[AOR=1.03, 95% CI (1.01, 1.06), P=0.011].

The type and duration of diabetes was also significant
determinant of hypertension among the diabetes popu-
lation. Type 2 DM patients had 5 times higher odds of
developing hypertension when compared to type 1 DM
patients [AOR=5.05, 95% CI (1.28, 19.88), P=0.021].
Similarly, the odds of hypertension were 7 times higher
when the duration of DM is longer than 5 years since
diagnosis [AOR=7.47, 95% CI (2.02, 27.57), P=0.003].

The presence of diabetic nephropathy was another
independent risk factor for the development of hyperten-
sion in diabetic patients. The odds of hypertension were
around four times higher among diabetic nephropathy
patients when compared to individuals without diabetic
nephropathy [AOR=3.87, 95% CI (1.13, 13.29), P=0.032].

Finally, being an urban resident had been found as an
independent risk factor for the development of hyperten-
sion among diabetic patients. The odds of hypertension
among urban residents were two times higher than the
rural residents in this study [AOR=2.11, 95% CI (1.04,
4.29), P=0.04] (Table 4).

Discussion

This study identified Overweight, Moderate inten-
sity exercise, Age, Type and duration of DM, diabetic
nephropathy, and urban dwellers as independent deter-
minants of hypertension among diabetic individuals in
Wolaita Sodo University Comprehensive Specialized
Hospital, Southern Ethiopia,2022.

Being overweight and obese were significantly associ-
ated with hypertension among diabetic patients. The
odds of hypertension were 2.06 times higher among
overweight diabetic individuals than those with normal
weight. Similarly, obese individuals with diabetes had
about 2.64 times higher odds of developing hyperten-
sion when compared with normal weight. This is consis-
tent with previous studies conducted in Nigeria [46], Iraq
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[47], and Ethiopia [48, 49]. Several mechanisms relate
obesity to hypertension including dietary factors, vascu-
lar injury, renal dysfunction, sympathetic over-activation,
inappropriate RAAS activation, structural and functional
abnormalities in the kidney and heart, insulin resistance,
and Immune dysfunction [50].

Moderate-intensity exercise was significantly associ-
ated with lower odds of hypertension among diabetic
individuals. Diabetic individuals with a lack of moder-
ate-intensity exercise had about 2.4 times higher odds
to develop hypertension. This result is consistent with
previous studies done in different countries [51-54]. Dif-
ferent epidemiological studies have shown decrement in
both systolic and diastolic pressure in the general popu-
lation with moderate-level intensity exercisers. Moder-
ate-intensity exercise is beneficial and recommended for
both the prevention and treatment of hypertension [55].
The proposed mechanisms by which moderate-intensity
exercise reduces blood pressure include increased insulin
sensitivity, beneficial changes in autonomic nervous sys-
tem function, and vasoconstriction regulations [51].

Age was another significant independent determinant
of hypertension among diabetic patients. For each one-
year increase in age, there was a 3% increased odds of
developing hypertension among diabetic patients. This
finding is similar with studies done in Netherland [56]
,Morocco [57], United Arab Emirates [58], Libya [59] and
Ethiopia [60, 61]. When their age increases, individu-
als will adopt a sedentary lifestyle and gain weight which
predisposes them to hypertension. Age is one of the
non-modifiable risk factors of hypertension increasing
peripheral vascular resistance associated with atheroscle-
rotic changes in the vessels [55].

The type and duration of diabetes were other signifi-
cant determinant of hypertension among the diabetes
population. Type 2 DM patients had 5 times higher odds
of developing hypertension when compared to type 1
DM patients. Similarly, the odds of hypertension were
7 times higher when the duration of DM is longer than
6 years since diagnosis. This finding is similar to studies
done in different countries [6—8, 30]. Although there is a
higher prevalence of hypertension and other cardiovas-
cular diseases among Type 2 DM, Type 1 DM patients
are still at higher risk, particularly with a longer duration
of DM. This is explained partly by the obesity epidemic,
glycemic control, pathology in the arterial wall, abnormal
inflammation cascade, and atherosclerosis [6].

The presence of diabetic nephropathy was another
independent risk factor for the development of hyper-
tension in diabetic patients. The odds of hypertension
were around four times higher among patients with dia-
betic nephropathy when compared to individuals with-
out diabetic nephropathy. Hypertension is one of the
leading comorbidity of patients with CKD. This result
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Table 4 Multivariable logistic regression analysis results of determinants of hypertension among diabetic people on follow-up at
Wolaita Sodo University Comprehensive Specialized Hospital, Southern Ethiopia, 2022

Variables Cases Controls COR (95% ClI) AOR (95% Cl) P-
Value

Age (Mean+SD) 55.1(£11.9) 44.3(+13.8) 1.07(1.04,1.09) 1.03(1.01,1.06)* 0.011

Residence

Urban 98(85.2%) 141(61.3%) 3.64(2.04,6.49) 2.11(1.04,4.29)* 0.04

Rural 17(14.8%) 89(38.7%) 1 1

Type of DM

type one 3(2.6%) 64(27.8%) 1 1

type two 112(97.4%) 166(72.2%) 14.39(4.41,46.95) 5.05(1.28,19.88)* 0.021

DM duration

<1 year 3(2.6%) 40(17.5%) 1 1

2-5year 30(26.1%) 79(34.6%) 5.06(1.46,17.61) 3.73(0.97,14.35) 0.055

>6 year 82(71.3%) 109(47.8%) 10.03(2.99,33.56) 747(2.02,27.57)% 0.003

Family history of HTN

yes 18(15.7%) 12(5.2%) 3.37(1.56,7.27) 2.10(0.81,5.46) 0.126

No 97(84.3%) 218(94.8%) 1 1

Family history of DM

yes 25(22.1%) 35(15.4%) 1.56(0.88,2.76) 1.08(0.51,2.28) 0.840

No 88(77.9%) 192(84.6%) 1 1

Ever smoked tobacco

products

yes 5(4.3%) 3(1.3%) 344 (0.81,14.65) 1.96(0.35,10.88) 0443

No 110(95.7%) 227(98.7%) 1 1

Moderate intensity

exercise

yes 52(45.6%) 159(69.4%) 1 1

No 62(54.4%) 70(30.6%) 2.71(1.70,4.30) 241(1.36,4.24)* 0.002

BMI

<25 kg/m2 35(30.4%) 147(64%) 1 1

25-29.9 kg/m2 48(41.7%) 53(23%) 3.80(2.22,6.51) 2.06(1.1,3.89)* 0.025

(Overweight)

>30 kg/m2 (Obese) 32(27.8%) 30(13%) 4.46(2.41,833) 2.64(1.22,5.70)* 0.013

Diabetic nephropathy

Yes 17(14.8%) 6(2.6%) 6.48 (2.48,16.92) 3.87(1.13,13.29)* 0.032

No 98(85.2%) 224(97 4%) 1 1

Diabetic retinopathy

Yes 40(34.8%) 49(21.3%) 1.97 (1.20,3.24) 1.04(0.56,1.94) 0.905

No 75(65.2%) 181(78.7%) 1 1

* Statistically significant (p-value<0.05)

is consistent with different studies conducted in differ-
ent countries [62-64]. The prevalence of hypertension
among CKD patients increases with a progressive decline
in renal function [65]. Hypertension may develop as a
result of kidney disease and the presence of hypertension
also worsens further decline of renal function [55]. The
mechanism of hypertension in kidney disease is related
to decreased capacity of the kidney to excrete sodium,
hypersecretion of renin, and increased activation of the
sympathetic nervous system [66].

Finally, being an urban resident had been found as an
independent risk factor for the development of hyper-
tension among diabetic patients. The odds of hyperten-
sion among urban resident was two times higher than

the rural residents in this study. This finding is similar to
studies done in India [67], Ghana [68], and Ethiopia [19,
31]. urbanization has created a change in the lifestyles of
the population related to nutrition, physical activities,
and behaviors like smoking, alcohol, and drug use among
urban dwellers, which increases the likelihood of devel-
oping hypertension [69, 70]. The development of hyper-
tension is influenced by various environmental factors
associated with urbanization including dietary factors,
physical activity, and alcohol intake [22].

Strength and limitation of the study
The design of the study used a case-control study to
evaluate the determinant of hypertension is one of the
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strengths of the study. The other strength of the study
is the recruitment of the large sample size in the study.
The study also included multiple potential risk factors
to determine their association with the development of
hypertension. The study also utilized different data col-
lection methods including interviews, medical chart
review, and measurements.

The limitation of the study includes the fact that arises
from the very nature of case-control design which is dif-
ficult to determine the temporal association between
the outcome and risk factors. It is also a single facility-
based study. Random and systemic measurement errors
may also affect the result in variables reported by the
individual.

Conclusions

Hypertension, among diabetic patients, is a worldwide
public-health challenge and a number one modifiable
risk factor for other cardiovascular diseases and death.
The prevalence of hypertension among the diabetic pop-
ulation is nearly twice of nondiabetic patients. Hence,
Screening and prevention of risk factors for hyperten-
sion based on evidence from local studies is required to
minimize the burden of hypertension among diabetic
patients.

This study has identified Overweight and obesity, Mod-
erate intensity exercise, Age and type and duration of
DM, diabetic nephropathy, and urban residence as inde-
pendent determinants of hypertension among diabetes
patients. These risk factors can be targeted for effective
screening and prevention of hypertension in diabetic
patients.

These research findings suggest screening and preven-
tion of hypertension can be intensified among type two
diabetic Patients and diabetic patients with a longer
duration of the disease. Moderate-intensity exercise for
at least thirty minutes per day for at least five days per
week can be prescribed for all diabetic patients. Over-
weight and obese patients can also be enrolled in weight
reduction interventions and given close follow-up to pre-
vent hypertension in these high-risk groups.

Moderate-intensity exercise and prevention of over-
weight and obesity are also important modifiable risk
factors that can be applied on large scale to prevent
hypertension in diabetic patients. Large-scale screening
and detection programs can be implemented in these
high-risk groups to tackle this problem at the community
level. Healthcare professionals, public health profession-
als, and nutrition professionals can expand this recom-
mendation to a large scale to produce a significant result
in the prevention and management of hypertension in
diabetic patients.

In addition, further Multicenter studies can be studied
to investigate risk factors across large sample sizes and

Page 9 of 11

different study settings to determine the risk factors for
the determinant of hypertension among the diabetic pop-
ulation. This can increase the knowledge of risk factors as
well as possible intervention strategies from large-scale
studies in different study settings which can be extrapo-
lated to the population level.
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