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Background: Evidence shows that the presence of a single component of the metabolic

syndrome (MetS) increases the risk of developing the MetS later in life. This study estimated

the prevalence and associated factors of abdominal obesity, elevated blood pressure, elevated

blood glucose, and the 3-factor MetS components among urban adults in Dire Dawa, East

Ethiopia.

Methods: Community-based cross-sectional data were collected from 872 adults aged

25–64 years. The joint interim statement (JIS) was used to define the MetS components.

The dependent outcome variables were both the individual and the 3-factor MetS compo-

nents. A robust variance Poisson regression model was used to directly estimate the

prevalence ratio (PR) of risk factors.

Results: The prevalence of the 3-factor MetS components (abdominal obesity, elevated

blood pressure, and elevated blood glucose) was 9.5% (95% CI: 7.7, 11.7). Women had two

times higher prevalence of the 3-factor MetS components compared with men, 11.6% (95%

CI: 9.2, 14.5) vs 5.2% (95% CI: 3.2, 8.5). A higher prevalence of abdominal obesity, 46.4%

(95% CI: 43.1, 49.8), followed by a raised blood pressure, 42.7% (95% CI: 39.4, 46.0), was

observed among study subjects. The presence of a single MetS component had an associated

cluster of other components: 33.7% of subjects with elevated blood glucose, 22.3% with

elevated blood pressure, and 20.5% with abdominal obesity had also the 3-factor MetS

components. Age, sex, body mass index, waist circumference, and physical activity were

significantly associated with the individual components or the 3-factor MetS components.

Conclusion: A higher prevalence of the individual components and the presence of cluster-

ing with a single factor identified call for the need of community screening. Interventions

targeting both abdominal and general obesity through physical activity and lifestyle mod-

ification can contribute towards reducing cardiometabolic risk factors with due attention

given to women and older adults.

Keywords: abdominal obesity, elevated blood pressure, elevated blood glucose, physical

activity, metabolic syndrome components

Introduction
Noncommunicable diseases (NCDs) account for 41 million deaths each year, and over

85% of these deaths occur in low-and middle-income countries (LMICs).1 In 2017,

globally, high systolic blood pressure accounted for 10.4 million deaths, followed by

high fasting plasma glucose (6.53 million deaths), and high body-mass index
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(4.72 million deaths).2 Gouda and colleagues have shown

that cardiovascular diseases (CVDs) lead the NCDs burden

in sub-Saharan Africa (SSA) which was increased by 67%

between 1990 and 2017.3 Furthermore, a study in 14 African

and Middle East countries also reported a higher prevalence

of CVD risk factors: dyslipidemia (70%), abdominal obesity

(68%), hypertension (43%), and diabetes (25%).4

Abdominal obesity, hypertension, and diabetes often-

times co-exist in a complex relationship.4–6 Alsheikh-Ali

et al, in a multi-country study reported that 74% of adult

outpatients had more than one CVD risk factor.4 Besides,

large scale multi-country prospective studies in China and

9 LMICs reported that adults with abdominal obesity had

a higher risk of developing both hypertension and

diabetes.6,7 It is also reported that among type-II diabetes

mellitus patients, abdominal obesity increases the risk of

metabolic syndrome (MetS) which is defined when three

of the following risk factors co-exist: hyperglycemia,

raised blood pressure, elevated triglyceride levels, low

high-density lipoprotein cholesterol, and obesity.8–10

A meta-analysis by Faijer-Westerink et al indicated

a higher prevalence of the MetS in SSA that ranged from

11.1–23.9% based on criteria recommended by different

health organizations.11

The co-existence of these CVD risk factors affects

multiple organs including the heart and kidney.5,12,13

A study on the effect of co-existing obesity and hyperten-

sion on the heart by Kirzesinski et al reported that obese

hypertensives had lower echocardiographic and impedance

indices of left ventricular performance and a worse dia-

stolic function.5 There is also evidence that MetS and its

components are associated with an increase in proteinuria

and albuminuria, kidney damage indicators, with a dose-

response relationship between the number of MetS com-

ponents and the risk of albuminuria.13,14 Li et al in their

meta-analysis also reported that subjects with MetS had

a higher recurrent stroke than those with the individual

components alone except for hyperglycemia which was

a stronger predictor of a recurrent stroke solely.12

The growing burden of obesity, hypertension, diabetes

and other modifiable risk factors among young adults4 could

result in a further surge of the NCDs burden and overwhelm

countries in SSAwhich already have a weaker health system

and have still been fighting the burden of communicable

diseases.15,16 The World Health Organization developed

a global action plan (2013–2020) for the prevention and

control of NCDs which targeted to reduce premature mortal-

ity by 25% from CVDs and diabetes among others, reduce

the prevalence of elevated blood pressure by 25%, and halt

the rise in diabetes and obesity.17 However, a study by

Nyaaba et al reported that Africa is off-track in achieving

the NCDs global action plan by 2020 with more than half of

countries did not achieve set targets for 2015 and 2016.18

In Ethiopia, NCDs are estimated to account for 39% of

all deaths, which showed a 38% increase between 2000 and

2016, with 16% being from cardiovascular diseases.19,20

Ameta-analysis by Kibret et al reported a 19.6% prevalence

of hypertension among the adult population in Ethiopia

with urban residents and men having a higher burden.21

Similarly, a meta-analysis by Tesfaye et al reported a 5%

prevalence of diabetes in Ethiopia and found that diabetes

mellitus is significantly associated with hypertension.22

Despite several studies assessed the cardiometabolic

risk factors in Ethiopia, only a few studies reported the

clustering of these cardiovascular risk factors.23–25 To

complement the gap in the availability of data and aid in

the tracking of the response to NCDs in Ethiopia, this

study was aimed to estimate the prevalence of the indivi-

dual and the 3-factor MetS components (abdominal obe-

sity, elevated blood pressure, and elevated blood glucose)

and also factors associated with the individual and the

3-factor MetS components.

Methods
Study Setting and Design
A community-based cross-sectional study was conducted

in Dire Dawa city, eastern Ethiopia, from June 01/2017 to

June 21/2017. The city has 4 districts with 9 urban kebeles

(sub-district, the lowest administrative unit) and had a total

population of 252, 279.26

Participants
Included in the study were adults aged 25 to 64 years who

have lived in Dire Dawa city for at least six months before

the survey. From each visited households, we randomly

selected one adult to participate in the study. Pregnant

women, bedridden adults, and adults with a disability

that limit activity were excluded.

Sample Size Determination
The study sample size, 903, was calculated using OpenEpi

version 2.3 software.27 The assumptions for sample size

calculation were prevalence of MetS, P=17%;28 margin of

error, d=3%; a design effect of 1.5 to compensate for

a random error due to a multi-stage sampling, and 95%
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level of confidence. 872 subjects participated in the survey

giving a response rate of 96.6%.

Sampling Technique
This study was conducted in five randomly selected urban

sub-districts in Dire Dawa city. Households in these sub-

districts were randomly selected from lists obtained from

the city administration. The study sample was proportion-

ally allocated according to the number of households in

the selected sub-districts. Systematic random sampling

was used to select households within a selected sub-

districts, and a simple random sampling was used to select

among eligible adults within a selected household when

there were more than one.

Data Collection
The World Health Organization’s (WHO) STEPwise

approach to Surveillance (STEPS) instrument was used

to collect data.29 The STEPS instrument, originally pre-

pared in English, was translated into Amharic and Afan

Oromo, and then back-translated to the English version to

check the consistency. The local translated instrument was

pretested before the actual field activity. In this survey, we

collected demographic data (age, sex, education, marital

status, and occupation (main work in the past 12 months))

and data on the core items of the STEPS instrument:

behavioral in Step 1 (information on tobacco smoke, alco-

hol consumption, diet, and physical activity (PA)), physi-

cal in Step 2 (included height, weight, waist

circumference, and blood pressure), and biochemical mea-

surements in Step 3 (we only measured fasting blood

glucose). Data collectors who had a health background

and completed at least a diploma level of education and

received three days of orientation on the objectives of the

study, the STEPS instrument, and interviewing techniques

collected the data.

A digital portable scale was used to measure body

weight, and height was measured using a stadiometer and

the results are recorded to the nearest 0.5 cm (centimeters).

Waist circumference was measured when subjects stood

erect, with feet together and abdomen relaxed, and with

their arms hanging by their sides. Measurement was taken

at the point halfway between the lower border of the ribs

and the iliac crest in a horizontal plane, and values were

recorded to the nearest 0.1 cm. Three blood pressure

measurements were taken using a digital blood pressure

apparatus at 3 to 5-minutes apart, and the average of

the second and the third blood pressure measurements

was used in the analyses.

Definitions
The Joint Interim Statement (JIS) was used to define the

components of MetS included in this study: elevated blood

pressure, elevated blood glucose, and abdominal obesity.8 To

define abdominal obesity, we used the cut-off recommended

for sub-Saharan African: men, ≥94 cm, and women,

≥80 cm.8 Elevated blood pressure was defined when

Systolic blood pressure ≥130 mmHg and/or Diastolic blood

pressure ≥85 mmHg (antihypertensive drug treatment in

a patient with a history of hypertension is an alternate indi-

cator). Elevated blood glucose is defined when fasting glu-

cose (drug treatment of elevated glucose is an alternate

indicator) is ≥100mg/dL. Bodymass index (BMI) is obtained

from the weight and height measurements of a participant

and defined as weight in kilograms divided by the square of

the height in meters (kg/m2). Participant’s BMIwas classified

as: underweight (below 18.5 kg/m2), normal (healthy) weight

(18.5 kg/m2 to 24.9 kg/m2), overweight (25.0 kg/m2 to

29.9 kg/m2), and obesity (≥30.0 kg/m2).30 Responses to the

frequency of PA in a typical week and activity duration on

a typical day are used to compute the total amount of time

a person spent doing PA or metabolic equivalent tasks (MET)

minutes per week. Detailed method description of PA mea-

surements was reported in our previous publication on self-

reported PA from the same data.31 The overall PA score is

computed as the sum of all MET-minutes per week from

moderate- to vigorous-intensity activities performed in the

three activity domains. Participant’s level of PAwas categor-

ized into three: low, <600 MET-minutes per week; medium,

at least 600 MET-minutes per week from any combination of

moderate or vigorous intensity activities; and high, ≥3000
MET-minutes per week from any combination of walking,

moderate-or vigorous-activities or ≥1500 MET-minutes per

week from vigorous intensity activities.32

Statistical Analysis
EpiData version 3.0 was used for data entry and STATA

version 14.2 statistical software for data management and

analysis. Missing values of seven variables which

accounted for 14.6% of the data were handled using multi-

ple imputations by chained equations (MICE) method.33

Before imputation, we checked the pattern of missing, and

the Little’s missing completely at random (MCAR) test in

STATA supported that the missing observed in our data was

MCAR (chi-square (df) =121.86 (98), p-value = 0.052).
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Estimates of the prevalence of joint occurrences of theMetS

components were disaggregated by participants’ socio-

demographic characteristics, and study findings were pre-

sented as means, percentages with their corresponding 95%

CIs, and Chi-square tests. For the estimation of the age-

adjusted prevalence of the joint occurrences of the MetS

components and the individual components, the 2013

International Network for the Demographic Evaluation of

Populations and Their Health (INDEPTH) standard popula-

tion for LMICs was used.34 The dependent outcome vari-

ables include abdominal obesity, elevated fasting glucose,

and raised blood pressure, and the joint occurrences of the

MetS components. The responses to all the dependent out-

come variables were coded 1=yes and otherwise 0=no.

When the prevalence of an event is not rare, research

evidence suggests the use of prevalence ratio (PR) over the

odds ratio in cross-sectional studies.35 Consequently, we used

a robust variance Poisson regressionmodel to directly estimate

PR of risk factors against the binary outcomes. Chi-square for

trend was also calculated to see if the prevalence of MetS and

its components increase with age. P-value<0.05 was used to

declare the statistical significance of all tests in this study.

Ethical Considerations
The Haramaya University College of Health and Medical

Sciences’ Institutional Health Research Ethics Review

Committee (IHRERC) approved the study with an approval

number of IHRERC/003/2016. Written informed consent

was obtained from each of the study participants before

commencing data collection. Confidentiality of the informa-

tion collected is maintained by keeping the anonymity of

individual participants at all levels. Participants with unfa-

vorable health outcomes related to the study topic received

advice on modifiable risk factors and are referred to a nearby

health facility for further investigation and management.

Results
Socio-Demographic Characteristics
A total of 872 adults participated in this study, and 67.2%

were females. Adults below the age of 45 years constituted

64% of the study sample. Over 85% of the study partici-

pants attended some formal education ranging from some

primary education to a college diploma or above.

A substantial number of adults (43%) reported that they

did not engage in any income-generating activities in the

twelve months before the current survey (Table 1).

Behavioral and Anthropometric

Measurements
The lifetime prevalence of alcohol drinking was 29.8% and

ever cigarette smoking was 8.5%. Regarding PA, 44.7% of

the participants were physically inactive (<600MET-minutes

per week) and only 37.5% engaged in a high-level PA. Adults

with a BMI of ≥25 kg/m2 accounted for 39.0% of the study

sample and 62% of women had waist circumference ≥80 cm.

Only 1 serving of fruits and vegetables on average per day is

consumed by adults in the study setting, with 12.8% con-

sumed 5 or more servings of fruits and vegetables combined

daily (Table 2).

Prevalence of Abdominal Obesity,

Elevated Blood Pressure, and Raised

Fasting Glucose
As shown in Table 3, the prevalence of both the individual

and the 3-factor MetS components (abdominal obesity, ele-

vated blood pressure, and raised fasting blood glucose)

Table 1 Socio-Demographic Characteristics of Urban Adults in

Dire Dawa, East Ethiopia, 2017

Variables Frequency, n (%)

Age, mean (SD) 40.4 (13)

25–34 371 (42.6)

35–44 187 (21.4)

45–54 121 (13.9)

55–64 193 (22.1)

Sex

Male 286 (32.8)

Female 586 (67.2)

Education

No formal education 126 (14.5)

Primary (1–8 grade) 333 (38.2)

Secondary (9–12 grade) 312 (35.8)

College diploma and above 101 (11.6)

Marital status

Currently married 582 (66.7)

Never married 173 (19.8)

Divorced/Widower 117 (13.5)

Occupation

Employed office work 232 (26.6)

Merchant 119 (13.7)

Unemployed 375 (43.0)

Othersa 146 (17.7)

Notes: aHousewife, pensioner, driver, student, janitor, and daily laborer.

Abbreviation: SD, standard deviation.
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showed a positive trend with an increase in age and BMI. The

prevalence of the 3-factor MetS components was 9.5% (95%

CI: 7.7, 11.7), with more than six times higher prevalence

among 55–64 years compared to 25–34 years. The most

prevalent component in the study setting was abdominal

obesity, 46.4% (95% CI: 43.1, 49.8), followed by elevated

blood pressure, 42.7% (95% CI: 39.4, 46.0) (Table 3).

The age-adjusted prevalence of the individual and the

3-factor MetS components was shown in Figure 1. Women

had a higher burden of the 3-factor MetS components

compared to men, (crude: 11.6%, 95% CI: 9.2, 14.5 vs

5.2%, 95% CI: 3.2, 8.5; age-adjusted: 11.4%, 95% CI: 8.7,

14.1 vs 5.2%, 95% CI: 2.6, 7.9) (Figure 1). The percent

distribution of the 3-factor MetS components was higher

in subjects with raised fasting blood glucose, 33.7% (83/

246), followed by elevated blood pressure, 22.3% (83/

372), and abdominal obesity, 20.5% (83/405).

Factors Associated with the Individual

and the 3-Factor MetS Components
Covariates with P-value <0.2 in the bivariate models were

entered into the multivariable-adjusted robust variance

Poisson regression model. Age, sex, education, marital

status, PA, occupation, ever cigarette smoking, waist cir-

cumference, and BMI had some association with the indi-

vidual and the 3-factor MetS components (Table 4).

In the multivariable robust variance Poisson regression

model women were more than 3 times more likely of having

a higher prevalence of abdominal obesity compared to men

(aPR (adjusted prevalence ratio) =3.65, 95% CI: 2.59, 5.13).

However, compared to men, women had a 22% lower pre-

valence of elevated blood pressure (aPR=0.78, 95% CI:

0.62, 0.98). Compared to younger age group, 25–34 years,

older ages had over 85% higher prevalence of elevated

blood pressure (45–54 years, aPR=1.85, 95% CI: 1.34,

2.56; 55–64 years, aPR=1.87, 95% CI: 1.37, 2.54), 65%

higher prevalence of raised fasting blood glucose (55–64

years, aPR=1.65, 95% CI: 1.13, 2.39), and over 4 times

higher prevalence of the 3-factor MetS components (55–64

years, aPR=4.37, 95% CI: 2.12, 9.04). Adults with a high-

level PA had a significantly lower proportion of raised fast-

ing blood glucose (aPR=0.69, 95% CI: 0.51, 0.94) and the

3-factor MetS components (aPR=0.56, 95% CI: 0.31, 1.01)

compared to adults with no/or low-level of PA (Table 5).

Adults with a BMI cut-off values of normal weight,

overweight, and obese had 2.5 times, 4 times, and 4.6

times higher prevalence of abdominal obesity compared

with those having a lean weight. Furthermore, adults with

general obesity had 4 times more likely of having a higher

prevalence of joint occurrence of the three MetS compo-

nents (aPR=4.12, 95% CI: 1.23, 13.71) (Table 5).

Discussion
Evidence shows that the presence of a single component of

the MetS increases the risk of developing the MetS later in

life.36 In this study, using the JIS criteria,8 the estimated

prevalence of the three individual components of MetS

was 46.4% for abdominal obesity, 42.7% for elevated

blood pressure, and 28.2% for raised fasting plasma

Table 2 Behavioral and Anthropometric Measurements of Urban

Adults in Dire Dawa, East Ethiopia, 2017

Variables Frequency

(N=872), n (%)

Ever drink alcohol (Yes response) 260 (29.8)

Ever smoke cigarette (Yes response) 74 (8.5)

Physical activity levelc

Low 390 (44.7)

Medium 155 (17.8)

High 327 (37.5)

BMIa

Underweight 65 (7.5)

Normal 467 (53.6)

Overweight 235 (27.0)

Obese 105 (12.0)

Fruit and/or vegetable servings per days

Fruit, mean (SD) 1.15 (1.0)

Vegetables (SD) 1.26 (1.30)

Average fruit and vegetable servings per day (%)

0 servings 165 (18.9)

1–2 servings 306 (35.1)

3–4 servings 289 (33.1)

5 or more servings 112 (12.8)

Waist circumferenceb (men), mean (SD) 80.3 (±12.8)

<80 cm 139 (48.6)

80–93 cm 105 (36.7)

≥94 cm 42 (14.7)

Waist circumference b (women), mean (SD) 85.9 (±40.4)

<80 cm 223 (38.1)

80–93 cm 219 (37.4)

≥94 cm 144 (24.6)

Notes: aBMI: <18.5 kg/m2, underweight; 18.5–24.99 kg/m2, normal; 25–29.9 kg/m2,

overweight; ≥30 kg/m2, obese. bRecommended cut-off for sub-Saharan Africa was

used: men, ≥94 cm, and women, ≥80 cm. cPhysical activity level: low, <600 MET-

minutes per week; medium, at least 600 MET-minutes per week; high, 1500 or

3000- MET-minutes per week from vigorous activities or any combination.

Abbreviation: MET, metabolic equivalent tasks.
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glucose. The prevalence of the 3-factor MetS components

was 9.5%. The correlates associated with either the joint

occurrences of the three or the individual components

were age, sex, self-reported high-level PA, waist circum-

ference, and BMI.

The prevalence of abdominal obesity in the current

study was 46.4% with a higher burden among women

than men, 62 versus 14.7%. In a community-based study,

Prakaschnadra et al reported a 54.9% prevalence of

abdominal obesity among South African Asian-Indians.10

Table 3 The Prevalence of Abdominal Obesity, Elevated Blood Pressure, and Raised Fasting Blood Glucose and the 3-Factor MetS

Components Among Urban Adults in Dire Dawa, East Ethiopia, 2017

Variables Abdominal

Obesityd (n=405),%

Elevated Blood

Pressuree (n=372),%

Raised Fasting Blood

Glucosef (n=246),%

3-Factor MetS

Components (n=83),%

N=872, % (95% CI) 46.4 (43.1, 49.8) 42.7 (39.4, 46.0) 28.2 (25.3, 31.3) 9.5 (7.7, 11.7)

Age, mean (SD) 40.4 (±13.0)

25–34 34.3 27.4 30.9 14.5

35–44 21.2 22.6 22.2 24.1

45–54 16.3 19.4 16.7 18.1

55–64 28.2 30.7 30.5 43.4

Chi2 (df) 27.6 (3)a 70.6 (3) a 23.7 (3) a 37.2 (3) a

Chi2 (df) for trend 27.3 (1) a 64.5 (1) a 23.3 (1) a 36.0 (1) a

BMIc

Underweight 2.5 4.6 6.5 3.5

Normal 41.0 46.5 47.6 28.9

Overweight 35.8 31.7 26.8 34.9

Obese 20.7 17.2 19.1 32.5

Chi2 (df) 117.0 (3) a 33.1 (3) a 16.9 (3) b 46.4 (3) a

Chi2 (df) for trend 116.1 (1) a 33.0 (1) a 12.1 (1) a 40.2 (1) a

Notes: a P-value<0.001 and b P-value<0.01. cBMI: <18.5 kg/m2, underweight; 18.5–24.99 kg/m2, normal; 25–29.9 kg/m2, overweight; ≥30 kg/m2, obese. dRecommended cut-

off for sub-Saharan Africa was used: men, ≥94 cm, and women, ≥80 cm. eElevated blood pressure, systolic ≥130 and diastolic ≥85 mmHg or drug treatment. fElevated blood

glucose, fasting blood glucose ≥100mg/dL or drug treatment.

Abbreviations: SD, standard deviation; df, degree of freedom.
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The INDEPTH 2013 standard population (34) was used for standardization

Figure 1 Age-adjusted prevalence of the individual and the 3-factor metabolic syndrome (MetS) components (abdominal obesity, elevated blood pressure, and raised fasting

blood glucose) by sex among urban adults in Dire Dawa, eastern Ethiopia. The joint interim statement’s definition of the MetS components was used. Accordingly the

following cut-offs were used: abdominal obesity (the cut-off recommended for sub-Saharan Africa): men, ≥94 cm, and women, ≥80 cm; Elevated blood pressure: systolic

≥130 and diastolic ≥85 mmHg or drug treatment; And elevated blood glucose: fasting blood glucose ≥100mg/dL or drug treatment.

Mengesha et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:132018

http://www.dovepress.com
http://www.dovepress.com


Table 4 Crude Prevalence Ratios for the Associations of Socio-Demographic and Behavioral Characteristics of Adults with the

Individual and the 3-Factor Components of the Metabolic Syndrome in Dire Dawa City, East Ethiopia, 2017

Variables Abdominal

Obesityb (cPR),

95% CIs

Elevated Blood

Pressurec (cPR),

95% CIs

Elevated Blood

Glucosed (cPR),

95% CIs

The 3-Factor

MetS

Components

(cPR), 95% CIs

Age (25–34, reference)

35–44 1.22 (0.93, 1.60) 1.62 (1.22, 2.17) ¥ 1.45 (1.01, 2.09) * 3.26 (1.58, 6.72) ¥

45–54 1.43 (1.07, 1.92)* 2.16 (1.60, 2.92) ¥¥ 1.70 (1.16, 2.49) ¥ 3.74 (1.75, 8.02) ¥

55–64 1.55 (1.21, 1.99) ¥ 2.13 (1.63, 2.79) ¥¥ 1.98 (1.43, 2.74) ¥¥ 5.66 (2.95, 10.89) ¥¥

Sex (male, reference)

Female 4.17 (3.03, 5.74) ¥¥ 0.88 (0.71, 1.08) 1.23 (0.93, 1.62) 2.21 (1.26, 3.88) ¥

Education level (none, reference)

Primary 0.73 (0.56, 0.96)* 0.77 (0.58, 1.03) 0.78 (0.54, 1.13) 0.52 (0.29, 0.94)*

Secondary 0.65 (0.49, 0.86) ¥ 0.75 (0.56, 1.00) 0.71 (0.49, 1.02) 0.51 (0.28, 0.91)*

College and above 0.50 (0.33, 0.75) ¥ 0.68 (0.45, 1.00) 0.77 (0.48, 1.23) 0.53 (0.23, 1.18)

Marital status (currently married,

reference)

Never married 0.59 (0.44, 0.80) ¥ 0.73 (0.54, 0.97)* 0.61 (0.42, 0.90)* 0.24 (0.09, 0.66)¥

Divorced/Widow 1.10 (0.84, 1.44) 1.21 (0.92, 1.60) 1.16 (0.82, 1.64) 1.37 (0.80, 2.35)

Physical activity (Low, reference)f

Medium 0.95 (0.73, 1.23) 1.04 (0.79, 1.38) 0.99 (0.71, 1.38) 1.03 (0.61, 1.76)

High 0.71 (0.57, 0.89) ¥ 0.91 (0.72, 1.14) 0.62 (0.46, 0.83)¥ 0.39 (0.22, 0.69) ¥

Occupation (office work, reference)

Merchant 1.51 (1.07, 2.14)* 1.13 (0.81, 1.57) 1.06 (0.69, 1.61) 0. 95 (0.41, 2.19)

Unemployed 1.73 (1.33, 2.26) ¥¥ 1.03 (0.80, 1.33) 1.15 (0.84, 1.57) 1.65 (0.96, 2.84)

Othersa 1.36 (0.97, 1.90) 1.07 (0.78, 1.47) 0.91 (0.61, 1.38) 0.79 (0.35, 1.75)

Ever consumed alcohol (Yes,

reference)

No 1.24 (0.99, 1.55) 0.89 (0.72, 1.11) 1.11 (0.84, 1.46) 1.70 (1.00, 2.91)

BMIe (underweight, reference)

Normal 2.32 (1.23, 4.38) ¥ 1.43 (0.87, 2.35) 0.96 (0.57, 1.62) 1. 11 (0.33, 3.71)

Overweight 4.10 (2.16, 7.76) ¥¥ 1.90 (1.14, 3.15) ¥ 1.08 (0.63, 1.88) 2.82 (0.86, 9.26)

Obese 5.16 (2.67, 9.95)¥¥ 2.36 (1.38, 4.02) ¥ 1.72 (0.97, 3.01) 5.57 (1.69, 18.37) ¥

Ever smoke cigarette (Yes, reference)

No 2.08 (1.28, 3.39) ¥ 0.95 (0.67, 1.36) 1.26 (0.77, 2.07) 1.24 (0.53, 2.89)

Fruit and vegetable servings per day

(0, reference)

1–2 1.11 (0.84, 1.47) 1.17 (0.87, 1.55) 1.17 (0.82, 1.65) 1.61 (0.89, 2.89)

3–4 0.89 (0.67, 1.19) 0.99 (0.74, 1.34) 0.81 (0.56, 1.17) 0.59 (0.29, 1.21)

≥5 1.14 (0.81, 1.60) 0.84 (0.57, 1.25) 0.95 (0.60, 1.50) 0.91 (0.40, 2.10)

Waist circumference (<80 cm,

reference) b

80–93 cm – 1.43 (1.12, 1.84)¥ 1.21 (0.89, 1.64) –

≥94 cm – 1.95 (1.5, 2.54) ¥¥ 1.98 (1.45, 2.70) ¥¥ –

Notes: *P-value<0.5; ¥P-value<0.01, ¥¥P-value<0.001, aHousewife, pensioner, driver, student, janitor, and daily laborer; bRecommended cut-off for sub-Saharan Africa was

used: men, ≥94 cm, and women, ≥80 cm. cElevated blood pressure, systolic ≥130 and diastolic ≥85 mmHg or drug treatment. dElevated blood glucose, fasting blood glucose

≥100mg/dL or drug treatment. eBMI: <18.5 kg/m2, underweight; 18.5–24.99 kg/m2, normal; 25–29.99 kg/m2, overweight; ≥30 kg/m2, obese. fPhysical activity level: low, <600

MET-minutes per week; medium, at least 600 MET-minutes per week; high, 1500 or 3000- MET-minutes per week from vigorous activities or any combination.

Abbreviations: cPR, Crude prevalence ratio; CI, confidence interval; MetS, metabolic syndrome; MET, metabolic equivalent tasks.
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Studies in South Korean37 and Tanzanian adults38 reported

an abdominal obesity prevalence of 35.1% in women and

23.8% among South Korean men37 and only 6.9% among

Tanzanian men.38 The 2015 national STPES survey in

Ethiopia reported that 39.8% of subjects with MetS had

abdominal obesity.23 Consistent with our findings, studies

reported a higher prevalence of abdominal obesity among

women but the magnitude of the prevalence estimates

varied as the studies used different definitions (waist cir-

cumference for men≥90 or 102 cm and women≥80 or

88 cm).10,37,38 Furthermore, differences in other behavioral

characteristics including PA31 and healthy eating39,40 may

explain the observed differences in the estimates.

We found a higher prevalence of both elevated blood

pressure and elevated blood glucose in the study setting.

The estimated elevated blood pressure was 42.7% with

a higher prevalence among men than women, 46.5 versus

40.8%. Several studies reported consistent findings that

men had a higher prevalence of elevated blood pressure.

For example, Lee et al reported a prevalence of 43.9%

with a higher rate among men than women in South

Korea, 51.0 versus 37.3%.37 In other large Asian studies,

which used similar definitions as with this study, the pre-

valence of elevated blood pressure was reported to be

44.1% in China and 64.5% in Indonesia.41,42 Adult pre-

valence of elevated fasting blood glucose in our study was

28.2% which was higher compared with the report by Guo

et al among adults in China, 19%.41 Whereas, compared to

the estimate in our study, Lee et al reported a higher

prevalence of elevated blood glucose among men (34%)

and a slightly lower prevalence among women (28.5%).37

The prevalence of the 3-factor MetS components

(abdominal obesity, elevated blood pressure, and elevated

blood glucose) in this study was 9.5%, with a higher

prevalence among women compared to men, 11.6 versus

5.2%. A study of MetS across Europe estimated a 12.7%

prevalence of a cluster of the above 3-factor MetS

components.43 Prakaschandra et al reported an increased

Table 5 Adjusted Prevalence Ratios for the Associations Between Sociodemographic Factors, The Individual, and the 3-Factor MetS

Components Among Adults in Dire Dawa City, East Ethiopia, 2017

Variables Abdominal

ObesityӾ a

(aPR), 95% CIs

Elevated Blood

Pressure† b

(aPR),

95% CIs

Raised Fasting

Blood Glucose††

c (aPR),

95% CIs

3-Factor

Component of

MetS d (aPR),

95% CIs

Age (25–34, reference)

35–44 1.11 (0.83, 1.47) 1.48(1.09, 2.01)* 1.34 (0.91, 1.96) 2.67 (1.24, 5.77)*

45–54 1.21 (0.89, 1.65) 1.85(1.34, 2.56) ¥¥ 1.43 (0.96, 2.14) 2.75 (1.24, 6.10) *

55–64 1.29 (0.96, 1.72) 1.87(1.37, 2.54) ¥¥ 1.65 (1.13, 2.39)¥ 4.37 (2.12, 9.04) ¥¥

Sex (male, reference)

Female 3.65 (2.59, 5.13) ¥¥ 0.78(0.62, 0.98)* 1. 10 (0.82, 1.48) 1.58 (0.84, 2.95)

Physical activity (Low, reference)⸸

Medium 1.08 (0.82, 1.41) – 1.03 (0.73, 1.44) 1.17 (0.68, 2.04)

High 0.86 (0.68, 1.09) – 0.69 (0.51, 0.94)* 0.56 (0.31, 1.01)*

BMI ӾӾ (underweight, reference)

Normal 2.50 (1.32, 4.74) ¥ 1.25 (0.76, 2.07) – 1.03 (0.31, 3.46)

Overweight 4.15 (2.18, 7.89) ¥¥ 1.46 (0.86, 2.47) – 2.39 (0.73, 9.90)

Obese 4.58 (2.36, 8.88) ¥¥ 1.67 (0.94, 2.96) – 4.12 (1.23, 13.71)*

Waist circumference (<80 cm, reference)Ӿ

80–93 cm – 1.30 (1.00, 1.67)* 1.13 (0.83, 1.54) –

≥94 cm – 1.43 (1.05, 1.95)* 1.61 (1.16, 2.23) ¥ –

Notes: *P-value<0.5; ¥P-value<0.01, ¥¥P-value<0.01, ӾRecommended cut-off for sub-Saharan Africa was used: men, ≥94 cm, and women, ≥80 cm. †Elevated blood pressure,

systolic ≥130 and diastolic ≥85 mmHg or drug treatment, ††Elevated blood glucose, fasting blood glucose ≥100mg/dL or drug treatment, aAdjusted for age, sex, level of education,

marital status, PA, occupation, alcohol consumption, ever cigarette smoking and, BMI. bAdjusted for age, sex, level of education, marital status, BMI, and waist circumference.
cAdjusted for age, sex, level of education, marital status, PA, and waist circumference. dAdjusted for age, sex, level of education, marital status, PA, occupation, alcohol consumption,

and BMI. ⸸Physical activity level: low, <600MET-minutes per week; medium, at least 600 MET-minutes per week; high, 1500MET-minutes per week from vigorous activities or 3000-

MET-minutes per week from any combination. ӾӾBMI: <18.5 kg/m2, underweight; 18.5–24.99 kg/m2, normal; 25–29.99 kg/m2, overweight; ≥30 kg/m2, obese.

Abbreviations: aPR, adjusted prevalence ratio; CI, confidence interval; MetS, metabolic syndrome; MET, metabolic equivalent tasks; BMI, body mass index.
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prevalence of 3-factor MetS components by age ranging

between 19% and 23% among adults aged 25–64 years

old.10 Another study on the prevalence of a three-factor

MetS components separately excluding triglyceride and

blood pressure reported: 29.5% versus 21.5% among

56–65 years and 24.1% versus 25% among 46–55 years,

respectively.44 Evidence indicates that presence of a single

MetS component increases the risk of developing the MetS

later in life36 which in turn is reported to increase the risk

of cardiovascular diseases (CVD) by 2.88 times, coronary

heart diseases (CHD) by 2.54 times, and type II diabetes

(T2DM) by 7-fold.45–47 Therefore, due to its effect on the

development of important non-communicable diseases and

a possible clustering of risk factors, the presence of

a single component of the MetS should not be overlooked.

Demographic variables both age and sex were asso-

ciated with elevated blood pressure and age was further

associated with elevated blood glucose and cluster of the

3-factor MetS components. Furthermore, female sex is

independently associated with a higher proportion of

abdominal obesity. Our results iterated previous findings

that reported an increase in age was associated with the

presence of elevated blood pressure48,49 and elevated

blood glucose50,51 or clustering of metabolic risk

factors.10,52 The finding that elevated blood pressure was

more likely among males than females was also reported

in previous studies.53,54 Some studies reported no gender

difference or a higher prevalence of hypertension among

older women than men in Africa.48,55 We hypothesize that

frequent regular Khat chewing, which was reported to be

associated with elevated blood pressure and hypertension,

among Ethiopian men that often clusters alcohol drinking

and cigarette smoking56,57 could explain the observed

gender difference. Concerning abdominal obesity and

MetS, women were consistently reported to have

a significantly higher burden of both in previous

studies.4,11,37,41 However, we only found a higher propor-

tion of abdominal obesity among women but the 3-factor

components of MetS did not vary by gender.

Body mass index was strongly associated with abdom-

inal obesity as had been reported in previous studies.54,58

A significant proportion of adults in this study with

abdominal obesity, 41%, had normal body weight. Shen

et al reported that 30.3% of adults with normal-weight had

abdominal obesity.59 While general and abdominal obesity

are independently associated with cardiometabolic risk

factors, their co-occurrence establishes a stronger risk

than the presence of either.59 Consistent with our findings,

general obesity had also been reported to predict MetS.10

For example, Prakaschandra et al reported that adults with

general obesity had an 8.5-fold more likely to develop

MetS with the risk becoming 19-fold higher among those

with abdominal obesity.10 Therefore, the presence of

abdominal obesity among adults with a normal or lean

weight and, most importantly, the co-existence of general

obesity and abdominal obesity need a public health atten-

tion to contain the growing burden of cardiovascular dis-

eases burden which accounted for 16% of all deaths in

Ethiopia.20

A self-reported high-level PA was inversely associated

with the 3-factor MetS components and elevated fasting

blood glucose. Consistent findings were reported in pre-

vious studies from different settings.28,60 However, we did

not find that high-level PA reduces the risk of elevated

blood pressure and abdominal obesity, which were against

previous reports.61 In the face of the global pandemic of

obesity,62 which was regarded as a driver of the MetS,10

promoting PA that would combine individual behavioral

and lifestyle interventions62 could have a positive impact

on reducing the development of the MetS.60

The strength of this study was that we provided esti-

mates of the cardiometabolic risk factors, both for the

individual and the 3-factor MetS components, adjusting

for important confounders including demographic vari-

ables, behavioral factors, and anthropometric measure-

ments in a large community-based sample. We also

reported a prevalence ratio using robust variance Poisson

regression instead of the odds ratio which overestimates an

effect size when the event is not a rare one.35 However, we

did not include information on family history of hyperten-

sion and diabetes mellitus and also existing chronic con-

ditions which may have affected our estimates.

Furthermore, due to a cross-sectional nature of the study,

we cannot establish a causal association.

Conclusion
The prevalence of the individual MetS components abdom-

inal obesity, elevated blood pressure, and elevated fasting

blood glucose was high in the study setting and the same was

for the 3-factor MetS components. Men had an increased

prevalence of elevated blood pressure and women had

a higher burden of the 3-factor MetS components and also

of abdominal obesity. An increased level of physical inactiv-

ity and lower consumption of fruit and vegetables may

contribute to the upsurging burden of cardiometabolic risk

factors and also clustering of these factors. As we found,
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with the presence of a single MetS component, there is

a higher possibility that an individual has additional compo-

nents clustered calling for screening at the community level.
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