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Background: Metabolic Syndrome (MetS) is becoming a big public health problem in devel-
oping countries like Ethiopia. Developing countries have an almost two-fold higher risk of death
due to non-communicable diseases (NCDs) compared to high-income countries. This study
aimed to assess the magnitude and factors associated with MetS among adult residents of
Mekelle city.

Methods: A population-based cross-sectional study was carried out among 266 randomly
selected adults from July to September 2019. Data were collected on socio-demographic,
clinical, anthropometric, and lifestyle characteristics using a structured questionnaire adapted
from the WHO STEPs survey tool. Fasting Blood Glucose (FBG) and lipid profiles were
tested using a blood sample. Bivariate and multivariable logistic regression analyses were
used to identify factors associated with MetS and variables were considered statistically
significant at p <0.05.

Results: The findings of this study showed the magnitude of MetS was 21.8%. The
proportion of MetS was relatively higher among women (24.6%) than men (18.5%).
Raised blood pressure was the most prominent (42.5%) component of MetS followed by
central obesity (41.7%). The magnitude of the other components of MetS was 38.0%, 21.4%,
and 14.3% for elevated triglyceride, raised FBG, and low HDL-C, respectively. Advanced
age, medium and high monthly income, walking less than 10 minutes per day, raised Body
Mass Index (BMI), higher waist to hip ratio, and elevated total cholesterol were significantly
associated with a higher risk of metabolic syndrome.

Conclusion: In this study, we found a high prevalence of metabolic syndrome and its
components, which highlights an urgent need for a public health strategy for its prevention,
early diagnosis, and management.
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Background

Metabolic syndrome (MetS) is a group of interrelated Cardiovascular Disease
(CVD) risk factors which consists of raised waist circumference (WC), hypergly-
cemia, dyslipidemia, and raised blood pressure." MetS increases the risk of CVD
and diabetes by twofold and fivefold, respectively, within five to ten years interval.”
MetS is becoming a worldwide public health concern due to the spread of the
Western lifestyle.’ Premature morbidity and mortality because of Non-
Communicable Diseases (NCDs) pose a big challenge for development® and
MetS increases the risk of NCDs and the cost of its treatment.’
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Dietary changes, physical inactivity, rural to urban
migration, industrial development, and genetic susceptibil-
ity are playing a substantial role in the spread of MetS.°
MetS is spreading at an alarming rate in developing coun-
tries because of lifestyle changes, urbanization, decreasing
levels of physical activity, and increased intake of
energy.” ® A study from South Africa indicated a high
prevalence of MetS among the black urban inhabitants, '
which is mostly caused by dietary change.''

NCDs kill 41 million people annually, corresponding to
71% of all deaths globally. Over 85% of these deaths occur
in low- and middle-income countries.'? The risk of dying
from NCDs in low- or lower-middle-income countries is
twofold higher compared to high-income countries."
NCDs are projected to surpass communicable diseases as
the major cause of morbidity in sub-Saharan Africa by
the year 2030."* The prevalence of MetS is higher in the
urban areas of some developing countries than even their
western counterparts. 13.15

NCDs cause 42% and 27% of all deaths in Ethiopia
among all age groups and under 70 years, respectively.'®
A study conducted on causes of mortality in Ethiopia
indicated that NCDs contribute to 31% of all deaths.
NCDs attributed mortality is increasing over time in

Ethiopia.'’

According to a systematic review finding
from Ethiopia cardiovascular disease, diabetes, and the
chronic obstructive pulmonary disease accounts for 24%,
5%, and 3% of deaths, respectively.18 In 2015, NCDs were
the major cause of the age-standardized mortality rate in
Ethiopia.'” A study done in Ethiopia also found a 4.8%
prevalence of NCDs (11.7% in the urban and 3.2% in rural
areas).”’ A hospital-based study carried out in Ethiopia
among subjects with NCDs found a MetS prevalence ran-
ging from 21.1% to 70.1%.>' ¢ Low HDL-C is the most
prominent component of MetS and females have an
increased risk to develop MetS in Ethiopia.>2®

The burden of NCDs is growing at an alarming rate in
developing countries including Ethiopia. Besides, Ethiopia
has a very weak health system to control this malady.
Since its diagnosis and treatment is too expensive, more
focus should be given to the upstream risk factors (MetS).
Few hospital based studies were carried out in Ethiopia to
assess MetS.?'2° Besides, the majority of studies were
from hypertensive patients,”’*® HIV patients on
ART,**? diabetic adults**** which can make the findings
unrepresentative of the general population. Therefore, it
was the first population-based study to assess the

magnitude and predictors of MetS among adults residing
in Mekelle city, Northern Ethiopia.

Methods and Materials
Study Design and Setting

A population-based cross-sectional study design was used
to conduct the study in Mekelle city, Northern Ethiopia.
Mekelle city is the capital city of Tigray regional state and
is the second-largest city in Ethiopia. It is located 783 km
to the north of the capital city, Addis Ababa. The city has
a total population of 505,000, of whom 48.1% (242,905)
are adults. The
September 2019.

data was collected from July to

Inclusion and Exclusion Criteria

Adults aged over 20 years and living at least for 6 months
in the city were considered as the study population.
Pregnant women and mothers in the first 6 months of
lactating were excluded from the study. Participants who
had any types of physical deformity like scoliosis were
excluded from the study.

Sample Size Determination and Sampling

Procedure

A total sample size of 273 was calculated using the single
population proportion formula by considering 95% level
of confidence, 4% margin of error, 80% power, 11.7%
prevalence of MetS in urban Ethiopia®, and 10% non-
response rate. The sample size was proportionally allo-
cated to the seven sub-cities. Then, the required numbers
of households (HH) were selected from each sub-city by
simple random sampling technique. Family folder in each
sub-city’s health office was used as a sampling frame to
The address of each household is
recorded in the family folder. One eligible participant

select households.

was selected using the lottery method from each selected
household.

Data Collection and Quality Control

A data collection team comprised of six health profes-
sionals (four data collectors, one laboratory technician,
and one supervisor) was established to collect the data.
The team was trained for two days on data collection tools
and techniques. Data collectors were experienced health
professionals and native speakers of the local language.
The total data collection period was two months.
A structured questionnaire adapted from the WHO
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STEPS survey tool was used to collect the data.”® The

questionnaire was translated to the local language
(Tigrigna) and translated back to English to check the
consistency. The reliability of the tool was measured
using Cronbach’s alpha and it was 0.83. A cut-off value
of 0.7 and above was used as an acceptable internal con-

sistency level.*

The data collection tools were pretested in
5% (n = 14) of the sample size in a different site to check
completeness, consistency, sensitivity, and applicability
ratified Data

demographic, anthropometric, clinical, lifestyle, and beha-

and were accordingly. on socio-
vioral characteristics were collected. Weight, height, WC,
hip circumference, and blood pressure were measured
using standard tools and procedures.’’

Height and weight were measured using a stadiometer
and an inbuilt weighing scale (UNICEF SECA) with light
clothes and without shoes. Waist and hip circumference
were also taken to the nearest 0.1 cm using fixed tension
tape. Hip circumference was measured with the subjects
wearing a pant. Blood pressure was measured using
a digital measuring apparatus. Blood pressure was taken
after five minutes of rest and the subsequent measurements
were also taken five minutes apart. On the first day, face-to
-face interviews, anthropometric, and blood pressure mea-
surements were carried out at the participants’ homes.
Participants were appointed the next day to their nearest
health facility to give a fasting venous blood sample after
overnight fasting.

To control the quality of the data, the weighing scale
and stadiometer were checked before each measurement.
All blood pressure and anthropometric measurements were
collected in triplicate and the average was used. The field
supervisor made daily supervision during the data collec-
tion. The data collectors and the field supervisor checked
the completeness and consistency of the data on a daily
basis. Besides, experienced laboratory technologist did the
laboratory tests in the regional health research institute
following standard operating procedures.

Blood Sample Collection and Laboratory
Analysis

Participants were appointed to their nearest health facility to
give fasting venous blood in the early morning (8:00 am—
9:00 am). Around 5SmL of venous blood was collected after
overnight fasting (at least 10 hours of fasting) for fasting
blood glucose (FBG), high density lipoprotein cholesterol
(HDL-C), triglyceride, low density lipoprotein cholesterol

(LDL-C), and total cholesterol tests. The blood sample was
collected using an appropriate test tube. After the blood was
clotted within 30 minutes, it was centrifuged at 4000 revolu-
tions per minute for 5 minutes. Then, a 2.5 mL pure serum
sample was separated to the Nunc tube. The sample was
analyzed using Bio-system A25 automated chemistry
machine (Spain). Before sample analysis, the machine was
checked using controls and blank on a daily basis.

Definition of Terms
Metabolic syndrome is defined as a compulsory raised WC
0of >94 cm for men and >80 cm for women plus two of the
remaining four metabolic syndrome components. Elevated
triglyceride>1.7 mmol/L (=150 mg/dL); low HDL-C of
<1.03 mmol/L (<40 mg/dL) for men, <1.3 mmol/L
(<50 mg/dL) for women; raised blood pressure >130/85
mmHg or on hypertension treatment; and raised FBG
>5.56 mmol/L (=100 mg/dL) or on diabetes treatment.>?
Elevated total cholesterol is defined as >5.17 mmol/L
(>200 mg/dL). Elevated LDL-C is defined as >3.36 mmol/
L (>130 mg/dL).>* Body Mass Index (BMI) was calcu-
lated by dividing weight in kilograms (kg) by the square
meter (m?) of height. Adults with BMI <18.5 kg/m’are
considered as underweight, 18.5-24.9 kg/m” as normal,
25.0-29.9 kg/m* as overweight, and >30.0 kg/m* as
obese.>* Waist to hip ratio was calculated by dividing the
WC in cm by hip circumference in cm and it was con-
sidered as raised if the ratio is >0.88 in men and >0.82 in
women.> Physical activity was measured by using the

WHO global physical activity questionnaire.*'-*®

Data Management and Analysis

Data were checked for completeness and consistency in
the hard copy and double entered into EPI data software
version 3.1 to check clerical errors. Then, data were
exported to the Statistical Package for the Social
Sciences (SPSS) for windows version 24 program for
analyses. Descriptive analysis of the background charac-
teristics was performed and normality was checked for
continuous variables. Before the inclusion of predictors
in the final model, multi co-linearity was checked using
the cut-off point VIF<10. Bivariate and multivariable
logistic regression analyses were performed to identify
factors independently associated with MetS. Crude and
adjusted odds
Confidence Intervals (CI) were computed using bivariate

ratios and their corresponding 95%

and multivariable logistic regression analysis. Backward
stepwise elimination was used to remove non-significant
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variables until only statistically significant variables
remained in the final logistic model. The statistical asso-
ciation between independent and dependent variables was
declared at p-value <0.05. The goodness of fit of the final
logistic model was

tested by wusing Hosmer and

Lemeshow’s test at a p-value of >0.05.

Results

Socio-Demographic and Lifestyle
Characteristics of the Participants

A total of 266 participants were involved in the study with
a response rate of 97.4% while 2.6% of participants did
not show a willingness to participate. The mean (= SD)
age of the participants was 37.96 (£14.76) years, with no

significant difference across gender (p=0.209). More than
half (53.4%) of the participants were women; two-thirds
(67.3%) were married and 89.9% were literate. Besides,
4.9% of participants were smokers, 4.1% live with smo-
kers, and 80.8% were alcohol consumers. Significantly
higher proportion of men were literate (p = 0.007), alcohol
consumers (p = 0.015), smokers (p <0.001) and involved
in formal exercise (p = 0.003) compared to women.
Contrary to this, a significantly higher proportion of
women were engaged in vigorous and moderate-intensity
work than men (p = 0.027) (Table 1).

Magnitude of MetS and Its Components
In this study, the prevalence of MetS is 21.8%, slightly
higher among women (24.6%) compared to men (18.5%).

Table | Socio-Demographic, Lifestyle, and Clinical Characteristics of the Participants (n=266)

Variables Categories All (n=266) n (%) | Men=124 (46.6%) | Women=142 (53.4%) | p-value®

Age (mean (SD)) 37.96 (14.76) 39.18 (14.87) 36.89 (14.64) 0.209°

Marital status Single 73 (27.4) 46 (37.1) 27 (19.0) 0.003*
Married 179 (67.3) 74 (59.7) 105 (73.9)
Others © 14 (5.3) 4 (3.2) 10 (7.0)

Educational status No formal education | 27 (10.1) 6 (4.8) 21 (14.8) 0.007*
Literate 239 (89.9) 118 (95.2) 121 (85.2)

Occupation Employed 98 (36.8) 67 (54.0) 31 (21.8) <0.001*
Housewife 63 (23.7) 0 (0.0 63 (43.7)
Merchant 53 (19.3) 30 (24.2) 23 (l6.2)
Daily laborer 14 (5.3) 9 (7.3) 5@3.5)
Student 9 (3.4) 0 (0.0 9 (6.3)
Others ¢ 30 (11.3) 18 (14.5) 12 (8.5)

Number of family members 1-3 91 (34.2) 46 (37.1) 45 (31.7) 0.647
4-6 133 (50.0) 59 (47.6) 74 (52.1)
27 42 (15.8) 19 (15.3) 23 (l6.2)

Current smoker Yes 13 (4.9) 13 (10.5) 0 (0.0) <0.001*
No 253 (95.1) 111 (89.5) 142 (100.0)

Alcohol consumption (current) Yes 215 (80.8) 108 (87.1) 107 (75.4) 0.015%
No 51(19.2) 16 (12.9) 35 (24.6)

Living with smokers (current) Yes Il (4.1) 7 (5.6) 4 (2.8) 0.248
No 255 (95.9) 117 (94.4) 138 (97.2)
No 262 (98.5) 123 (99.2) 139 (97.9)

Formal exercise Yes Il (4.1) 10 (8.1) 1 (0.7) 0.003*
No 255 (95.9) 114 (91.9) 141 (99.3)

Intensity of activity of daily work | Low 25 (94) 18 (14.5) 7 (4.9) 0.027%*
Moderate 210 (78.9) 93 (75.0) 117 (82.4)
Vigorous 31 (11.7) 13 (10.5) 18 (12.7)

Notes: *Significant difference, *Chi-square test, ®Student ’s t-test, “divorced, widowed, separated, and temporary relationship, “broker and driver.

Abbreviation: N/A, not applicable.
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Hypertension was the most prominent component of MetS
followed by central obesity with a prevalence of 42.5%
and 41.7%, respectively. The magnitude of elevated trigly-
ceride, raised FBG and low HDL-C was also 38.0%,
21.4%, and 14.3%, respectively. A significantly higher
proportion of women had central obesity and low HDL-
to men (p <0.01). this,
a significantly higher proportion of men had elevated
triglyceride (p = 0.003) (Table 2).

This study showed the higher the lipid profile and FBG
of the participants, the more the probability of having
MetS, except for HDL-C. The proportion of MetS was
significantly increased with household monthly income

Compared Contrary to

and waist to hip ratio (p<0.05). Similarly, the risk of
having MetS and other related metabolic disorders was
significantly increased with BMI. None of the underweight
and only 10.7% of the normal weight adults had MetS,
whereas the prevalence of MetS was significantly higher
among overweight (38.1%) and obese (66.7%) participants
(p = 0.044). Besides, 92.6%, 77.8%, 63.0%, 59.3%,
55.6%, 40.7%, and 33.3% of the obese participants had
central obesity, high LDL-C, raised blood pressure, ele-
vated total cholesterol, elevated triglyceride, raised FBG,
and low HDL-C, respectively (Table 3 and Figure 1).

The mean values of all components of MetS, total
cholesterol, and LDL-C were high among participants
who had metabolic syndrome. Similarly, the mean age,
SBP, DBP, and anthropometric findings were higher
among participants with MetS. The mean total cholesterol
(217.7 mg/dL), LDL-C (175.3 mg/dL), age (46.4 years),
and BMI (28.4 kg/m?) of MetS positive adults were higher
than MetS negative participants (Figure 2).

Factors Associated with Metabolic

Syndrome

Findings of multivariable logistic regression model
showed advanced age, medium and high monthly income,
walking less than 10 minutes per day, overweight and
obesity, raised waist to hip ratio, and elevated total cho-
lesterol were significantly associated with MetS. Adults
aged 40 years and above had a 2.6 (aOR: 2.545, 95% CI:
1.201-5.392) times higher risk of developing MetS com-
pared to under 40 years. The odds of having MetS among
participants with medium and high monthly income was
2.8 (aOR: 2.807, 95% CI: 1.028-7.669) and 4.2 (aOR:
4.221, 95% CI: 1.606-11.094) times, respectively, com-
pared to their low-income counterparts. Likewise, adults
who did not walk for at least 10 minutes daily were 2.9

Table 2 Prevalence of Metabolic Syndrome and Its Components Stratified by Sex (n = 266)

Variables Categories Overall (n=266) n (%) Gender P-value (Xz)
Men (n=124) n (%) Women (n=142), n (%)

MetS Yes 58 (21.8) 23 (18.5) 35 (24.6) 0.238
No 208 (78.2) 101 (81.5) 107 (75.4)

Waist circumference (M/W) <94/80 cm 155 (58.3) 92 (74.2) 63 (44.4) <0.001*
294/80 cm 111 (41.7) 32 (25.8) 79 (55.6)

Fasting Blood glucose <100 mg/dL 209 (78.6) 93 (75.0) 116 (81.7) 0.231
2100 mg/dL 57 (21.4) 31 (25.0) 26 (18.3)

Triglyceride <150 mg/dL 165 (62.0) 65 (52.4) 100 (70.4) 0.003*
2150 mg/dL 101 (38.0) 59 (47.6) 42 (29.6)

HDL-C (M/W) >40/50 mg/dL 228 (85.7) 114 (91.9) 114 (80.3) 0.008*
<40/50 mg/dL 38 (14.3) 10 (8.1) 28 (19.7)

Blood pressure Normal (<130/85) 153 (57.5) 71 (57.3) 82 (57.7) 0.936
Raised (2130/85) 113 (42.5) 53 (42.7) 60 (42.3)

SBP <130 mmHg 176 (66.2) 82 (66.1) 94 (66.2) 0.991
2130 mmHg 90 (33.8) 42 (33.9) 48 (33.8)

DBP <85 mmHg 179 (67.3) 81 (65.3) 98 (69.0) 0.600
285 mmHg 87 (32.7) 43 (34.7) 44 (31.0)

Note: *Significant difference.

Abbreviations: MetS, metabolic syndrome; SBP, systolic blood pressure, DBP, diastolic blood pressure; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density

lipoprotein cholesterol; M/W, men/women.
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Table 3 The Distribution of MetS Among the Participants Stratified by Sex (n=266)

Variables Categories | Metabolic Syndrome
Overall (%) 58 Men (%) 23 Women (%) 35 p-value (XZ)
(21.8%)) (18.5%) (24.6%) 0.229

Age 20-39 19 (11.3) 8 (10.8) I (11.7) 0.790
240 39 (39.8) 15 (30.0) 24 (50.0)

Monthly income Low 9 (8.8) 1(1.9) 8 (16.7) 0.018*

(ranked) Medium 21 (25.3) 13 (30.2) 8 (20.0)
High 28 (34.6) 9 (33.3) 19 (35.2)

Fasting blood glucose Normal 26 (12.4) 8 (8.6) 18 (15.5) 0.255
Pre-diabetes | 16 (45.7) 9 (47.4) 7 (43.8)
Diabetes 16 (72.7) 6 (50.0) 10 (100.0)

Triglyceride <150 9 (5.5) 2 (3.1) 7 (7.0 0.220
150-199 14 (35.9) 4 (20.0) 10 (52.6)
2200 35 (56.5) 17 (43.6) 18 (78.3)

Total cholesterol <200 26 (13.9) I (12.4) 15 (15.3) 0.929
200-239 19 (40.4) 7 (31.8) 12 (48.0)
2240 13 (40.6) 5 (38.5) 8 (42.1)

HDL-C (M/W) 240/50 38 (16.7) 114(91.9) 114(80.3) 0.098
<40/50 20 (52.6) 10 (8.1) 28 (19.7)

LDL-C <130 14 (10.6) 5(7.7) 9 (13.4) 0.904
130-159 13 (28.9) 5 (25.0) 8 (32.0)
160189 10 (25.6) 5(27.8) 5(23.8)
=190 21 (42.0) 8 (38.1) 13 (44.8)

Systolic blood pressure <130 mmHg | 16 (9.1) 8 (9.8) 8 (8.5) 0.320
2130 mmHg | 42 (46.7) 15 (35.7) 27 (56.3)

Diastolic blood pressure | <85 mmHg 19 (10.6) 6(7.4) 13 (13.3) 0.380
285 mmHg 39 (44.8) 17 (39.5) 22 (50.0)

Body mass index Underweight | 0 (0.0) 0 (0.0 0 (0.0) 0.044*
Normal 16 (10.7) 5(6.9) I (14.1)
Overweight | 24 (38.1) 14 (41.2) 10 (34.5)
Obese 18 (66.7) 4 (50.0) 14 (73.7)

WC (cm) (M/W) <94/80 0 (0.0) 0 (0.0 0 (0.0) NA
294/80 58 (52.3) 23 (71.9) 35 (44.3)

W-Ht-R (M/W) <0.49/0.50 0 (0.0) 0 (0.0 0 (0.0) 0.901
20.49/0.50 58 (36.7) 23 (31.5) 35 (41.2)

W-Hip-R (M/W) <0.88/0.82 2 (2.5) 1 (2.2) 1 (2.9) 0.039*
20.88/0.82 56 (30.1) 22 (27.8) 34 (31.8)

Note: *Significant difference.

Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; M/W, men/women; SD, standard deviation; WC, waist

circumference; W-Ht-R, waist to height ratio; W-Hip-R, waist to hip ratio.

(aOR: 2.847, 95% CI: 1.112-7.290) times more likely to
develop MetS compared to adults who walked at least for
the stated time daily. Overweight and obese participants
had a 5.4 (aOR: 5411, 95% CI: 2.549-11.487) times

higher risk of developing MetS compared to normal and
underweight participants. Similarly, participants with
a raised waist to hip ratio were 4.9 (aOR: 4.910, 95%
CI: 1.076-22.402) times at a higher risk of developing
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Figure | Variation of different metabolic disorders with BMI cutoffs among the participants (n = 266).
Abbreviations: BP, blood pressure; BMI, body mass index; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; MetS, metabolic syndrome; TC, total cholesterol; TG, triglyceride; WC, waist circumference.

MetS compared to those with a low waist to hip ratio.
Besides, the odds of having MetS among adults with
elevated total cholesterol was around 2.5 (aOR: 2.453,
95% CI: 1.172-5.132) times higher compared to adults
with normal total cholesterol (Table 4).

Discussion

The magnitude of MetS in the present study was 21.8%,
which was higher than previously documented findings
from some urban areas of Ethiopia like Addis Ababa
(17.9%).2°273" The difference may be due to variation in
sample size, level of urbanization, and study period.
Besides, since the study was carried out in the second-
largest city in Ethiopia, residents may have better eco-
nomic status, which may contribute to a dietary shift
(from fiber-rich traditional foods to refined and processed
foods). Hospital-based studies from Ethiopia also docu-
mented a higher prevalence of MetS (70.1%) among adults
with diabetes (48.7%)***® and hypertensive patients
(40.7%).%° This might be due to the presence of one of
the metabolic syndrome components in all the study parti-
cipants. The finding of this study was also higher than the

study from India (16.7%)* and consistent with the study
done in Pakistan (21.7%)*° and Indonesia (21.7%).41
However, this figure was lower than findings documented
in different African countries like South Africa (42.6%),*
Kenya (25.6%)," Botswana (27.1%),** and Nigeria
(29.1%).*> The possible reason for this inconsistency
might be due to the variation in the study period, socio-
economic status, and level of urbanization.

Raised blood pressure was the most prominent compo-
nent of MetS followed by central obesity with a magnitude
of 42.5% and 41.7%, respectively. This finding was rela-
tively low compared to the finding from southern Ethiopia
where the prevalence of raised blood pressure, and central
obesity was 26.2% and16.9%,” respectively. This differ-
ence might be due to variation in the study setting where
the present study was conducted in the second-largest city
in Ethiopia with a more urbanized lifestyle, inclusion of
older age participants, and better income which could
contribute to an increased risk of developing all the com-
ponents of metabolic syndrome.*>*” Similar findings were
also reported from south Africa and the United Arab

Emirates.*>*®
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Figure 2 Variation in the mean value of different CVD risk factors with MetS status of the participants (n = 266).

Abbreviations: BMI, body mass index (kg/m?); DBP, diastolic blood pressure (mmHg); FBG, fasting blood glucose (mg/dL); HDL-C, high-density lipoprotein cholesterol (mg/
dL); LDL-C, low-density lipoprotein cholesterol (mg/dL); MetS, metabolic syndrome; SBP, systolic blood pressure (mmHg); TC, total cholesterol (mg/dL); TG, triglyceride
(mg/dL); WC, waist circumference (cm); W-Ht-R, waist to height ratio; W-Hip-R, waist to hip ratio.

Being older age was significantly associated with
a higher risk of MetS. This may be due to physical inac-
tivity and physiological changes like increased fat mass
accompanied by decreased muscle mass among the older
age participants. This finding was consistent with the study
done in some urban areas of Ethiopia, South Africa, and
India.?”*74%4? Different studies also showed the tendency
of developing MetS increases with age.*” >

Participants with medium and high monthly income had
a higher risk of developing MetS compared to participants
with low monthly income. The prevalence of MetS was 8.8%,
25.3%, and 34.6% among adults with low, medium, and high
monthly income, respectively. This might be due to better
access to energy-dense foods, alcoholic drinks, motorized
transportation, and low engagement in energy-demanding
daily work. However, a study from Angola also showed social
class was not significantly associated with MetS,** and the
study from South Korea indicated only women with higher
income had a lower risk of developing MetS.*

In this study, participants who did not walk at least 10
minutes per day had a significantly higher risk of

developing MetS. More than one-third (36.6%) of partici-
pants who were walking less than 10 minutes per day had
MetS. This might be due to the effect of walking on
burning more energy which can prevent the accumulation
of fat and weight gain. Besides, walking can improve
insulin sensitivity and build muscle mass rather than fat
mass.” A study conducted in Ethiopia has shown that
physical activity had a protecting role against NCDs
among men.>*

Overweight and obesity were significantly associated
with having metabolic syndrome. Only 9.1% of the under-
weight and normal subjects had MetS while 46.7% of the
overweight and obese participants had MetS. Increased
body weight contributes to central obesity, which leads to
accumulation of fat in the body. Fat forms artery plaque,
which narrows arteries and capillaries leading to hyperten-
sion, and insulin sensitivity also decreases with body
weight.>> 7

Raised waist to hip ratio was significantly associated
with a higher risk of MetS. Only 2.5% of subjects with

a normal waist to hip ratio had MetS, whereas 30.1% of
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Table 4 Factors Associated with Metabolic Syndrome in Mekelle City (n=266)

Variables Categories Metabolic Syndrome cOR (95% CI) p-value aOR (95% CI) p-value
Yes (n (%)) No (n (%))

Age 20-39 19 (11.3) 149 (88.7) | |

240 39 (39.8) 59 (60.2) 5.184 (2.773,9.692) <0.001* 2.545 (1.201,5.392) 0.015%
Sex Female 35 (24.6) 107 (75.4) 1.436 (0.794,2.597) 0.231

Male 23 (18.5) 101 (81.5) |
Educational status llliterate 7 (25.9) 20 (74.1) |

1-12 30 (19.7) 122 (80.3) 0.703 (0.272,1.815) 0.466

>13 21 (24.1) 66 (75.9) 0.909 (0.337,2.449) 0.850
Body mass index (kg/m?) <25.0 16 (9.1) 160 (90.9) | |

225.0 42 (46.7) 48 (53.3) 8.750 (4.522,16.929) <0.001* 5.411 (2.549,11.487) <0.001*
Monthly income (ranked) Low 9 (8.8) 93 (91.2) | |

Medium 21 (25.3) 62 (74.7) 3.500 (1.504,8.143) 0.004* 2.807 (1.028,7.669) 0.044*

High 28 (34.6) 53 (65.4) 5.459 (2.396,12.436) <0.001* 4.221 (1.606,11.094) 0.003*
Total Cholesterol (mg/dl) <200.0 26 (13.9) 161 (86.1) [ |

2200.0 32 (40.5) 47 (59.5) 4.216 (2.288,7.768) <0.001* 2.453 (1.172,5.132) 0.017*
Type of oil Liquid 25 (18.8) 108 (81.2) |

Solid 33 (24.8) 100 (75.2) 1.426 (0.793,2.563) 0.236
Sitting time per day <6 hours 37 (20.4) 144 (79.6) |

26 hours 21 (24.7) 64 (75.3) 1.277 (0.693,2.353) 0.433
Waist to hip ratio (M/W) <0.88/.0.82 2 (25) 78 (97.5) | |

20.88/0.82 56 (30.1) 130 (69.9) 16.800 (3.988,70.773) <0.001* 4.910 (1.076,22.402) 0.040%
Walking at least 10 minutes daily Yes 43 (19.1) 182 (80.9) | |

No 15 (36.6) 26 (63.4) 2.442 (1.192,5.002) 0.015% 2.847 (1.112,7.290) 0.029*
Formal exercise Yes 309.1) 30 (90.9) [ |

No 55 (23.¢) 178 (76.4) 3.090 (0.908,10.56) 0.071
Current alcohol consumption Yes 47 (22.1) 166 (77.9) 1.081 (0.516,2.263) 0.836

No Il (20.8) 42 (79.2) |

Note: Maximum SE: 0.774, Hosmer Lemeshow: 0.721, *Significant association.

Abbreviations: cOR, crude odds ratio; aOR, adjusted odds ratio; Cl, confidence interval.

the subjects with a raised waist to hip ratio had MetS. This
might be due to the fact that central obesity is one com-
ponent of MetS. Besides, adults with central obesity were
at higher risk of developing insulin resistance, elevated
triglyceride and low HDL-C. Likewise, shorter subjects
tend to have a higher ratio, which supports the evidence
that early under-nutrition (stunting) leads to late over-
nutrition.®° However, the literature on the effect of waist
to hip ratio on MetS is limited.

Elevated total cholesterol was significantly associated
with a higher risk of having MetS. Only 13.9% of subjects
with normal total cholesterol had MetS while 40.5% of
subjects with elevated total cholesterol had MetS. The
possible justification is that elevated total cholesterol has
a positive correlation with most MetS components and an

inverse correlation with HDL-C. Total cholesterol can also
increase with weight and central obesity and a study from
Indonesia reported similar findings.*

Limitations of the Study

The findings of this study have a significant contribution to
the prevention of metabolic syndrome. However, the
cross-sectional nature of this study limits us from deter-
mining causal effects as the study variables. Recall bias
may influence results as the participants could forget about
family history on metabolic syndrome, but intensive train-
ing was given for data collectors on how to probe respon-
dents. Anthropometric measurements are prone to errors.
However, this study was conducted with the highest pre-
caution in training the anthropometric data collectors,
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equipment calibration, and standardization of procedure to
minimize the possibility of error occurrence.

Conclusion

In this study, we found a high prevalence of MetS and its
components among healthy adults in the urban area of
This
a transitional stage from communicable to NCDs burden.

Northern  Ethiopia. shows Ethiopia is in
Besides, in Ethiopia there is a problem of both under and
over nutrition. Since most adults in Ethiopia were under-
nourished during their childhood and adolescent period,
they are more prone to late over nutrition. Emphasis
should be given especially for urban residents because of
improved economic status and lower activity levels.
Addressing the upstream risk factors of MetS is cost-
effective and feasible for developing countries like
Ethiopia prior to the creation of the NCDs epidemic.
Routine screening, counseling, and management scheme
of MetS should be in place in the health facilities, espe-
cially in urban areas. Besides, it is necessary to improve
the awareness of individuals on the risk factors and the use
of nutritional, exercise, and behavioral interventions for
both the prevention and treatment of metabolic syndrome.
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