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Background: The prevalence of cardiometabolic diseases is escalating in sub-Saharan Africa (SSA) alongside the prevailing high
burden of communicable diseases. Although many countries in SSA, including Rwanda, have existing data on the prevalence of
individual components of the MetS, many SSA countries have insufficient data to guide policy makers on the magnitude of MetS.
This study sought to determine the magnitude of MetS and its associated risk factors by sex at a referral teaching hospital in
Rwanda.

Methods: A cross-sectional, study was conducted among adults aged 35 to 65 years presenting at Ruhengeri Referral Teaching
Hospital, Rwanda. We collected socio-clinicodemographic data using the World Health Organization (WHO) STEPwise tool for non-
communicable diseases. We used the National Cholesterol Education Program Adult Treatment Panel III criteria for MetS.

Results: Overall, 99 (23.5%) males and 322 (76.5%) female participants with mean + SD age 47.5 + 8.2 years were enrolled. The
overall frequency of MetS was 51.9% (95% CI: 47.0-56.8) and was significantly higher (p < 0.001) in females 193 (59.4%) compared
to males 26 (26.3%). Significant differences by sex were also noted in the proportions of visceral obesity; 70.4% vs 7.1% (p < 0.001),
hypoalphalipoproteinaemia 36.1% vs 69.7% (p < 0.0001), type 2 diabetes mellitus; 18.4% vs 31.6% (p = 0.020) and body mass index
259 + 15.6 vs 28.2 £ 6.4 (p = 0.032). On multivariate logistic regression, older age (odds ratio (OR) 1.05; 95% confidence interval
((CD) 1.01-1.10)), higher body weight (OR 1.06; 95% CI 1.04-1.08) and higher total cholesterol (1.25; 95% CI 1.05 —1.74) were
significantly associated with MetS in females; whereas only higher body weight (OR1.10; 95% CI 1.04-1.18) was significantly
associated with MetS in males.

Conclusion: A high frequency of MetS was observed in the present study, which was higher among females. Our findings emphasize
the need for tailored prevention and intervention strategies to mitigate the long-term impact of MetS.
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Background

The metabolic syndrome (MetS) first reported by Reaven in 1988 as syndrome X is a cluster of five risk factors that
increase the probability of developing type 2 diabetes mellitus (T2D) and cardiovascular diseases (CVD).'?
Cardiovascular diseases are a major cause of death globally,® with premature deaths globally being increasingly
associated with cardiometabolic diseases in young adults.* Several studies have reported MetS to be highly prevalent
in many countries in Africa, although there is a paucity of specific estimates of MetS prevalence in African populations.’
The prevalence of MetS often mirrors the prevalence of T2D and obesity. Obesity is, however, no longer exclusively
associated with affluence and its prevalence is reported to be on the increase even in poorly resourced countries.®

The World Health Organization (WHO) broadly stratifies non-communicable diseases (NCDs) risk factors into
behavioral and metabolic risk factors.” Behavioral risk factors consist of physical inactivity, excessive use of alcohol,
inappropriate dietary habits, and use of tobacco. Metabolic risk factors include overweight and obesity, hypertension
(HT), fasting hyperglycemia, and dyslipidemia.® The escalation in the prevalence of NCDs has been associated with
globalization, urbanization, and socioeconomic transformations that have led to widespread changes in population level
NCD risk factor profiles.®’

The 2018 WHO-NCD country profile reported that NCDs were estimated to account for ~44% of all deaths in Rwanda,
of which 14% were CVD’s.'® Previous studies on NCDs in Rwanda have primarily focused only on determining the
prevalence of individual MetS components. A study by Ntaganda et al (2022) reported a high prevalence of undiagnosed and
uncontrolled hypertension in rural Rwanda,"" and a study that determined the prevalence of central obesity and its association
with cardiovascular risk factors among women of reproductive age reported a prevalence of 48.5%.'> Another study
conducted on rural and urban dwelling Rwandans aged 15 to 64 years reported that 1:6 Rwandans had hyperglycemia,'?
while a cross-sectional secondary data analysis by Mukabutera et al (2016) reported an increasing prevalence of overweight
and obesity among Rwandan women, with the rise more pronounced in women living urban areas.'* Despite the increasing
burden of NCDs in SSA and Rwanda in particular, no study has holistically explored the prevalence of MetS in the Rwandan
population. Furthermore, understanding the prevalence of the MetS and possible gender disparities in prevalence in this low-
income setting can provide insights into unique risk factors and health behaviors that predispose to NCDs thus allowing the
development of gender-specific health promotion and disease prevention strategies. The current study therefore determined
the prevalence of MetS in a diverse Rwandan population and explored sex differences in the clustering of MetS components.

Methods
Study Design and Setting

A single centre-based cross-sectional study was conducted at the Outpatient Department of the Ruhengeri Referral
Teaching Hospital, Musanze District, Northern Province, in Rwanda. Data collection commenced in February 2023 and
ended in April 2023. The hospital is estimated to serve a population of 400 000, from 18 health centers and has a bed
capacity of 400.

Study Population

The study design leveraged on the Rwandan Ministry of Health policy on NCDs screening that targets members of the
population aged 35 years and above. Male and female participants attending the Outpatient Department at Ruhengeri
Referral Teaching Hospital were recruited. A minimum sample size of 385 participants was calculated using Cochran’s
formula for cross-sectional studies based on an assumed prevalence of 50%, precision of 5% and 95% confidence
interval. The sample size was inflated by a factor of 10% to cater for possible missing data. Thus, a minimum sample size
of 422 participants was required.

Inclusion and Exclusion Criteria

Consenting participants who had fasted for 10—14 hours and were aged 35-65 years were eligible for recruitment. We
excluded participants below 35 and above 65 years of age, pregnant or lactating women, the severely ill, those attending
the renal outpatient clinic and those who failed to give written informed consent.
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Data Collection Procedure

Data collection adopted the WHO stepwise approach to NCD surveillance comprising three steps. The first step involved
completion of an interviewer-assisted questionnaire to collect information on sociodemographic characteristics including
marital status, level of education, possession of health insurance, and occupation.'” Lifestyle assessment was also
conducted based on determining key modifiable risk factors of NCDs that included tobacco use, alcohol consumption,
fruits and vegetable consumption, frequency of physical activity, and history of pre-existing NCDs such as high blood
pressure and diabetes mellitus (DM). Diagnosis of these NCDs was confirmed using defined criteria or by ascertaining if
participants were taking prescription drugs for the treatment of the respective conditions. A diagnosis of new DM cases
was confirmed using fasting plasma glucose and glycated hemoglobin (HbAlc) levels.

For physical measurements assessments, height was measured in metres (m) using a stadiometer (Seca, Hamburg,
Germany) with the participant standing in an upright position without wearing shoes. Weight was measured in kilograms
(kg) using a weight measuring scale (Seca, Hamburg, Germany) with participants wearing minimal clothing. Waist
circumference (WC) was determined in centimeters (cm) using normal tension measuring tape midway applied between
the inferior angle of the ribs and the suprailiac crest. Three blood pressure (BP) measurements were taken in mmHg
using an Omron digital automated blood pressure machine (Omron Healthcare co., Ltd, Koto, Japan) after participants
had been allowed to rest for at least 5 minutes. The first blood pressure reading was discarded, and the mean value of the
final two measurements was recorded as the participant’s blood pressure reading. A total of 10 millilitres (mls) of whole
blood was collected by venipuncture from each participant after an overnight fast (10—14 hours) and aliquoted as follows:
3mls into grey top tube, 4mls into plain tube (red top) and 4mls into purple top (EDTA) for determination of plasma
glucose, lipid profiles and HbAlc, respectively. Plasma and serum were harvested from the grey top tube and the red top
tube, respectively, after centrifugation at 3000rpm for 5—10 minutes within 30 minutes of venipuncture. All laboratory
assays, fasting plasma glucose (grey top), lipid profiles (red top) and HbAlc were carried out on the COBAS C311 auto
analyzer (Roche Diagnostics, Rotkreuz, Switzerland) in accordance with the manufacturer’s protocols and following the
principles of good clinical laboratory practice.

Socioeconomic Category and Education Level

Study participants were stratified into five socioeconomic categories (SEC) as defined by the Rwandan government, with
category 5 being the wealthiest and category 1 being the poorest.'® The study participants were also stratified by
educational level as primary/elementary school level (first 6 years of formal school starting at 7 years of age) followed by
secondary/high school for another 6 years before enrolling for tertiary/college education.

Metabolic Syndrome Criteria

The definition of the MetS was adopted from the National Cholesterol Education Program (NCEP) Adult Treatment
Panel III (NCEP ATP III) guidelines, which consider MetS as the presence of any three among the following five risk
factors: '’

1. Abdominal obesity: WC >102 c¢cm for men and >88 cm for women.

2. Elevated serum triglycerides (TG): >1.7 mmol/L or specific treatment for hypertriglyceridemia.

3. Decreased HDL-C: <1.03 mmol/L for men or <1.29 mmol/L for women or treatment for
hypoalphalipoproteinemia.

4. Elevated Blood Pressure (BP) >130/85 mmHg or treatment of previously diagnosed hypertension.

5. Elevated fasting glucose >5.6 mmol/L or treatment of previously diagnosed diabetes mellitus.

Data Management and Analysis

Participant data were entered into a password protected excel database and cleaned before coding and analysis using
Stata statistical software version 15 (StataCorp, College Station, Texas, USA). Categorical data were summarized as
count and proportion n (%) whilst parametric continuous data were summarized as mean+ standard deviation (SD). Non-
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parametric data were summarized as median and interquartile range (IQR). The Student’s #-test for independent samples
was used to compare means derived from two independent groups. Two group median comparisons of non-parametric
data were done using the Wilcoxon rank sum test. Logistic regression analysis was used to evaluate the determinants of
the metabolic syndrome. Bivariate logistic regression was used in the first instance to identify putative risk factors.
A multivariate logistic regression model was fit incorporating variables identified from bivariate logistic regression as
having a p-value of 0.25 or less. Logistic regression analysis results were reported as odds ratios and their 95%
confidence intervals [OR (95% CI)] and p-values. In all cases of statistical comparisons, the level of significance was
set at p = 0.05.

Ethical Approval

The study protocol was reviewed and approved by the Rwanda National Ethics Committee (32/RNEC/2022), following
the Declaration of Helsinki. Each participant gave written informed consent prior to enrolment. Participant data were
anonymized by assignment of unique participant identifiers.

Results

Demographic Characteristics
Out of the 432 participants enrolled, 422 had complete data on all the essential variables from all the three steps of data
collection. The study participants comprised 99 (23.5%) males and 323 (76.5%) females with an overall mean age of
47.5 + 8.2 years and an age range of 35 to 65 years. There were no statistically significant differences according to sex
observed for the various demographic variables presented in Table 1 (p > 0.05). The majority of the participants 41.1%
(n = 172) were below 44 years of age whilst 267 (63.3%) resided in urban areas.

The overall educational level was not significantly different according to gender, although more female participants;
37 (11.6%) lacked formal education compared to male participants; 4 (4.1%) (p = 0.028). In addition, there were no
significant differences according to gender in the socioeconomic categories (Table 1).

Table | Participants Demographic Data According to Gender

Variable* All participants | Males Females | P-value
n=422 n=99 n=323
Age (years) Mean+SD | 47.5+8.2 46.6+85 | 47.848.1 | 0.205

Age Category

35—44 years 172(41.1) 43(43.4) | 128(40.1) | 0.707
45-54 years 159(37.9) 38(38.4) | 121(37.9)
>55years 88(21.0) 18(18.2) | 70(22.0)
Residence

Rural 155(36.7) 41(41.4) | 114(35.4) | 0.286
Urban 267(63.3) 58(58.6) | 208(64.6)

Education Level

Primary 135(32.4) 35(36.1) | 100(31.4) | 0.096
Secondary 110(26.4) 23(23.7) | 87(27.3)
Tertiary 131(31.4) 35(36.1) | 95(29.8)
No Formal Education | 41(9.8) 4(4.1) 37(11.6)
(Continued)
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Table | (Continued).

Variable* All participants | Males Females | P-value
n=422 n=99 n=323

Socioeconomic Category

| 26(6.2) 4(4.1) 22(6.9) 0.303

2 92(21.9) 23(23.2) | 69(21.5)

3 302(71.7) 71(71.7) | 230(71.6)

4 1(0.2) 1(1.0) 0(0)

Note: * All n(%) unless specified; Fisher’s exact Chi-square used to compare categorical
variables and the Student’s t-test used to compare age by gender. o set at 0.05 for all statistical

comparisons.

Prevalence of Metabolic Syndrome
The prevalence of the MetS overall and according to sex are presented in Table 2 together with behavioral factors that are

commonly associated with increased risk of MetS.

Overall, 219 (51.1%) study participants met the diagnostic criteria of the MetS and there was a statistically significant

difference in the frequency of MetS according to sex (p < 0.001) with more female participants; 60% (n = 193) compared

to 26.3% (n = 26) male participants. There was a significant difference in the prevalence of DM by sex (p = 0.020) with

96 (31.0%) female participants diagnosed as diabetic compared to 18 (18.4%) males. In terms of behavioural risk factors,

of the overall study participants, 13 (13.3%) male participants smoked cigarettes compared to 19 (6.0%) female

Table 2 Summary of Participant Socioclinical Data

Variable* All participants | Males Females | P-value
n=422 n=99 n=323

Metabolic Syndrome

No 203(48.1) 73(73.7) | 129(40) <0.001

Yes 219(51.9) 26(26.3) | 193(60)

NCD Status

No 236(56.5) 54(55.7) | 181(56.6) | 0.907

Yes 182(43.5) 43(44.3) | 139(43.4)

HIV Status

Not Infected 314(94.9) 71(96.0) | 243(94.6) | 0.772

Infected 17(5.1) 3(4.0) 14(5.4)

Ever Diagnosed with Hypertension?

No 255(60.9) 65(65.7) | 189(59.3) | 0.289

Yes 164(39.1) 34(34.3) | 130(40.7)

Currently on Conventional Anti-hypertension medicine

No 14(8.5) 5(14.3) 9(7.0) 0.180

Yes 150(91.5) 30(85.7) | 120(93.0)

(Continued)
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Table 2 (Continued).

Variable* All participants | Males Females | P-value
n=422 n=99 n=323

Diabetes Mellitus

No 295(72.1) 80(81.6) | 214(69.0) | 0.020

Yes 114(27.9) 18(18.40 | 96(31.0)

Current Cigarette Smoker

No 385(92.3) 85(86.7) | 299(94.0) | 0.028

Yes 32(7.7) 13(133) | 19(6.0)

Current Alcohol Consumption

No 186(45.5) 21Q21.7) | 164(527 | <0.001

Yes 223(54.5) 76(78.3) | 147(47.3)

Do you Walk or Cycle regularly

No 53(12.4) 1(112) | 41129) | 0.730

Yes 366(87.6) 87(88.8) | 278(87.1)

Engaging in Vigorous Exercise

No 241(60) 40(42.1) | 201(65.7) | <0.001
Yes 161(40) 55(57.9) | 105(34.3)
Total Sedentary Hours/Week Median(IQR) | 5(3-6) 4(2-6) 5(3-6) 0.120

Note: *All n (%) unless specified; Fisher’s exact Chi-square used to compare categorical variables and the Student’s
t-test used to compare age by gender. a set at 0.05 for all statistical comparisons.
Abbreviation: HIV, Human Immunodeficiency Virus; NCD, Non-Communicable Diseases;

participants; (p = 0.028) whilst 76 (78.3%) males drank alcohol compared to 147 (47.3%) women (p < 0.001). Significant
differences were also observed in the proportions of individuals who undertook vigorous exercise according to sex, with
significantly more males partaking in vigorous exercise compared to females (p < 0.001).

Prevalence of Individual Components of the MetS According to the NCEP
ATP Ill Guidelines

The frequencies of the individual components of the MetS were determined and compared according to sex. The results
are presented in Figure 1.

Hypoalphalipoproteinemia was the single overall most prevalent component of the metabolic syndrome at 61.9% (n =
257) and its prevalence was also significantly higher in females compared to males (p < 0.001) The overall single least
prevalent component of the MetS was hypertriglyceridemia 31.4% (n = 130) and the prevalences were not significantly
different by sex (p = 0.540). The overall prevalence of abdominal obesity was 55.6% (n = 233) with the prevalence was
significantly higher in females (70.4%) compared to males (7.1%, p < 0.001).

Anthropometrics, Blood Pressure and Laboratory Findings

The overall mean + SD BMI was 27.7 + 9.4 and females had significantly higher BMI (28.2 + 6.4) compared to males
(25.9 £ 15.6, p = 0.032). Similarly, females had significantly higher mean + SD weight (95.5 £+ 15.0) compared to males
(87.8 = 10.1, p = 0.038) and significantly higher mean £ SD WC (95.5 £ 15.0) compared to males (87.7 = 10.1) (p <
0.001). Among the serum lipid profile parameters, total cholesterol (4.78 + 1.27 vs 4.47 + 1.05, p = 0.030), LDL-

3808 e Diabetes, Metabolic Syndrome and Obesity 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Gafirita et al

80

70

Hyperglycaemia Hypertension

Figure | Prevalence of individual components of the MetS.
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cholesterol (2.79 £ 0.91 vs 2.45 + 0.70, p < 0.001), non-HDL cholesterol (3.65 £+ 1.32 vs 3.28 + 1.03, p = 0.013) and the
LDL-C/HDL-C ratio (2.60 £+ 1.43 vs 2.25 + 0.90 (p = 0.022) were significantly higher in females compared to males. No
significant differences were observed in glycaemic indices, blood pressure measurements and the remainder of the serum

lipid parameters. A summary of anthropometric, blood pressure and laboratory measurements of the overall study

participants are presented in Table 3.

Table 3 Anthropometrics, Blood Pressure and Laboratory Findings by Gender

Variable* All Participants Males Females P-value
n=421 n=99 n=322
Height (cm) 164.7+8.5 170.8+8.4 162.8+7.5 <0.001
Weight (Kg) 74.2£16.3 87.8+10.1 95.5+15.0 0.038
BMI 27.749.4 25.9+15.6 28.2+6.4 0.032
Waist Circumference (cm) 93.7£14.3 87.7%10.1 95.5£15.0 <0.001
Systolic BP (mmHg) 132+21.3 131.6x19.7 130.8+21.9 0.757
Diastolic BP (mmHg) 83+12.7 84.6113.3 82.6+12.5 0.163
FPG mmol/L** 5.65(4.8-6.7) 5.6(4.8-6.3) 5.7(4.8-6.8) 0.210
(Continued)
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Table 3 (Continued).

Variable* All Participants Males Females P-value
n=421 n=99 n=322
HbAlc % ** 5.5 (4.9-6.1) 5.4(4.8-5.7) 5.5(4.9-6.3) 0.095
Total Cholesterol mmol/L 4.75%1.2 4.47+1.05 4.78+1.27 0.030
LDL-C mmol/L 2.70+0.88 2.45+0.70 2.79+0.91 0.009
HDL-C mmol/L 1.17£0.32 1.18£0.35 1.17£0.31 0.959
TG mmol/L*¥* 1.3(0.92-1.9) 1.11(0.96-1.34) 1.14(0.98-1.34) 0.770
Non-HDLC mmol/L 3.43x1.27 3.28+1.03 3.65+1.32 0.013
LDL-C/HDL-C ratio 2.52+1.33 2.25+0.90 2.60+1.43 0.022
TC/HDL-C ratio 4.3£2.08 4.05+1.29 4.3842.26 0.162

Note: *MeanSD unless stated; **Median (Interquartile range); Fisher’s exact Chi-square used to compare
categorical variables and the Student’s t-test used to compare age by gender. o set at 0.05 for all statistical
comparisons.

Abbreviation: BMI, Body Mass Index; BP, Blood Pressure, FPG, Fasting Plasma Glucose; HbAlc, Glycated
Haemoglobin; LDL-C, Low Density Lipoprotein Cholesterol; HDL-C, High Density Lipoprotein Cholesterol;
TG, Triglycerides.

Factors Associated with Metabolic Syndrome: Bivariate Logistic

Regression Analysis
The impact of factors associated with MetS was further investigated using logistic regression analysis. The results are
presented in Tables 4 and 5.

For the overall study population in bivariate logistic regression analysis longer sedentary hours (OR 1.13) higher
weight (1.05), higher LDLC (OR1.01), higher total cholesterol (OR 1.47) and increasing age (OR 1.04) were associated
with the MetS. On further bivariate logistic analysis by sex, for males only increasing weight (OR 1.06) was significantly
associated with the MetS, whereas in females higher socioeconomic status (OR 1.67), longer sedentary hours (OR1.13),

Table 4 Factors Associated with the MetS Overall and According to Sex: Bivariate Logistic Analysis

Overall Females Males
n=421 n=322 n=99
Variable cOR(95% CI) p-value | cOR (95% Cl) | p-value | cOR(95% CI) p-value
Residence
Urban Referent
Rural 0.53(0.35-0.79) | 0.002 0.53(0.33-0.84) | 0.007 0.54(0.21-1.4) 0.203
Gender
Female Referent
Male 0.24(1.02-1.07) | <0.001 - - - -
Socioeconomic Category
| Referent
2 1.23(0.51-3.0) 0.648 2.02(0.75-5.44) | 0.163 0.15(0.02-1.50) | 0.107
3 2.01(0.884.56) | 0.097 3.10(1.25-7.70) | 0.015 0.42(0.06-3.18) | 0.401
(Continued)
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Table 4 (Continued).

Overall Females Males

n=421 n=322 n=99
Variable cOR(95% CI) p-value | cOR (95% Cl) | p-value | cOR(95% CI) p-value
Marital Status
Married Referent
Separated 0.84(0.36—1.92) | 0.673 0.6(0.26—1.43) 0.251 - -
Widowed 1.84(1.04-3.22) | 0.033 1.35(0.74-2.45) | 0.322 - -
Never Married 0.56(0.16-1.97) | 0.369 0.33(0.08-1.35) | 0.123 2.76(0.17—45.8) | 0.479
Alcohol Drinking Status
No Referent
Yes 0.68(0.46—1.01) | 0.057 0.88(0.56—-1.39) | 0.580 1.14(0.37-3.53) | 0.816
Engaged in Physical Work
No Referent
Yes 0.61(0.42-0.91) | 0.014 0.62(0.4-0.98) 0.042 0.4(0.15-1.08) 0.069
Engaged in Regular Walking and Cycling
No Referent
Yes 0.69(0.38-1.25) | 0.223 0.93(0.48-1.83) | 0.843 0.25(0.69-0.90) | 0.034
Engaging in Vigorous Exercise
No Referent
Yes 0.73(0.49-1.08) | 0.117 1.27(0.78-2.06) | 0.343 0.29(0.11-0.76) | 0.012
Sedentary Hours 1.13(1.03—-1.230 | 0.005 1.13(1.02-1.25) | 0.018 1.07(0.87-1.31) | 0.547
Height (cm) 0.98(0.96-1.00) | 0.122 1.02(0.99-1.05) | 0.265 1.01(0.95-1.06) | 0.857
Weight (Kg) 1.05(1.04-1.07) | <0.001 1.05(1.04-1.07) | <0.001 1.06(1.02—1.10) | 0.005
LDL-C (mmol/L) 1.01(1.01-1.02) | <0.001 1.01(1.00-1.02) | 0.005 1.01(0.99-1.02) | 0.504
Total Cholesterol mmol/L | 1.47(1.23-1.76) | <0.001 1.51(1.22-1.86) | <0.001 1.11(0.73-1.70) | 0.627
Age(Years) 1.04(1.02-1.07) | <0.001 1.06(1.03—1.09) | <0.001 1.01(0.96-1.07) | 0.597

Abbreviations: LDL-C, Low Density Lipoprotein Cholesterol, cm, centimetre; Kg: kilogram; cOR, crude odds ratio; Cl, confidence interval.

increasing weight (OR 1.05), increasing LDLC (OR 1.01), increasing total cholesterol (OR 1.51), and increasing age
(1.06) were associated with higher prevalence odds (67%, 13%, 5%, 1%, 51% and 6%) of developing MetS respectively.

Multivariate Logistic Regression Analysis
The risk factors that were significantly associated with MetS in bivariate logistic regression analysis were fit into
a multivariable logistic regression model. The results are summarised in Table 5.

On multivariate logistic regression analysis for the overall population, age (aOR1.05), weight (aOR 1.07), and total
cholesterol (aOR 1.24) were significantly associated with the MetS; whereas in females, age (aOR 1.05), weight (aOR
1.06) and total cholesterol (1.25) were significantly associated with the MetS; whereas only increasing weight (aOR1.10)
tended to be associated with MetS in males.
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Table 5 Factors Associated with Metabolic Syndrome Overall and According to Sex: Multivariable Logistic

Regression Analysis

Overall Females Males

n=421 n=322 n=99
Variable aOR(95% CI) p-value | aOR (95% Cl) | p-value | aOR(95% CI) p-value
Gender 0.29(0.14-0.55) | <0.001 - - - -
Age 1.05(1.02-1.09) | 0.001 1.05(1.01-1.10) | 0.003 1.05(0.98-1.12) | 0.210
Physical Work 0.63(0.37-1.08) | 0.09 0.64(0.33-1.22) | 0.172 0.58(0.15-2.20) | 0.424
Vigorous Exercise 1.17(0.67-2.02) | 0.585 1.93(1.00-3.76) | 0.051 0.23(0.06-0.93) | 0.039
Height (cm) 0.97(0.93-1.00) | 0.065 0.97(0.94-1.01) | 0.188 0.91(0.83-0.99) | 0.030
Weight (Kg) 1.07(1.05-1.09) | <0.001 1.06(1.04-1.08) | <0.001 1.10(1.04—1.18) | 0.002
Walking/Cycling 0.77(0.33-1.79) | 0.542 1.08(0.42-2.79) | 0.875 0.11(0.02-0.73) | 0.022
SEC 1.31(0.88-1.97) | 0.188 1.47(0.94-2.31 0.092 0.82(0.29-2.27) | 0.695
Total Cholesterol mmol/L | 1.24(1.01-1.53) | 0.041 1.25(1.05-1.74) | 0.021 0.91(0.54-1.53) | 0.715

Abbreviation: aOR, Adjusted Odds Ratio, SEC, Socioeconomic Category.

Discussion

The current study determined the prevalence of MetS among the adult outpatient population presenting at a provincial
hospital in Northern Rwanda. The study showed a high magnitude of MetS prevalence in this Rwandan population when
compared to a previous study done on Rwandan patients seeking care at a neuropsychiatric hospital in Kigali, Rwanda.'®
Furthermore, significant differences were also observed in the prevalence of MetS according to sex.

The previous prospective study carried out in Rwanda, evaluated MetS incidence among patients with epilepsy after
a l-year follow-up period. This study reported an incidence of MetS of 2.4%.'® The present study also revealed a higher
burden of MetS compared to published data derived from the region. A study from rural Uganda reported a prevalence of
MetS of 19%,'" whilst a study from Kenya on MetS and its predictors in an urban population reported a prevalence of
35%.%° Furthermore, another study from Tanzania that explored gender-related differences in the prevalence of CVD risk
factors and their correlates in an urban Tanzanian population reported a prevalence of 38%.?! Elsewhere, in Qatar, the
prevalence of MetS was 48.8% with a higher prevalence observed in males (56.7%) compared to females (42.5%).%* The
possible explanations for the discrepancies reported by the different studies might include different cultural behaviors,
lifestyles, targeted population, geographical factors and possibly different study periods. For instance, the present study
targeted outpatient participants within the 35—65 years age range and staff at the study site, while other studies from the
region focused on participants aged 18 years and older. In addition, the other studies enrolled community-based
participants.

Advancing age is a well-documented risk factor for MetS,?* due to the various biochemical changes that occur during
the aging process that affect the normal physiological processes. The current study that enrolled older participants would
therefore be expected to show a higher prevalence of MetS compared to studies that enrolled younger participants.

The findings from the current study also showed a significantly higher prevalence of the MetS according to sex (p <
0.001) with females having a higher frequency compared to males. This finding is consistent with reports from other

studies that were carried out in Africa and elsewhere,>* >’

that reported higher prevalences of MetS in women compared
to men. The differences observed in the magnitude of MetS prevalence according to sex could be attributed in part to the
higher rates of abdominal obesity, BMI and low-HDL which were significantly higher in females compared to males in
the present study (Figure 1). Similarly, from the serum lipid profile parameters, mean total cholesterol (p = 0.030), LDL-
C (p = 0.0009), non-HDL-C (0.013) and the mean LDL-C/HDLC ratio (p = 0.022) were significantly higher in females

compared to males in the present study (Table 3). On the other hand, in contrast to these findings, significantly higher
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frequencies of MetS were observed in males compared to females in studies done on Chinese and Qatari populations.**>®

The underlying causes of such disparities in the sex-specific prevalences of MetS have largely remained unclear, but such
discordance could be attributed to ethnic differences in circulating hormone levels, population diversity, lipid metabo-
lism, lifestyle habits, cultural behaviors, and the use of different MetS definition criteria.?®

The WHO stratifies NCDs risk factors into behavioral and metabolic risk categories.” Behavioral risk factors consist
of such factors as physical inactivity, excessive use of alcohol, inappropriate diet, and tobacco use. Metabolic risk factors
include overweight and obesity, raised blood pressure, hyperglycemia, and hyperlipidemia.® A recent study that examined
the impact of different dietary patterns and nutrients on MetS onset and severity revealed that healthy dietary habits such
as the Mediterranean diet could reduce the burden of MetS and generate health benefits in the young and adult
population.”’

The current study observed low HDL-C as the single overall most prevalent component of the MetS (61.9%) and the
prevalence of this hypoalphalipoproteinemia was significantly higher in females compared to males (p < 0.0001).
Females are physiologically expected to have higher serum HDL-C levels compared to males due to the effects of
oestrogen,® but in the present study, there was no significant difference observed in the mean serum HDL-C concentra-
tions according to sex. We speculate that the observed discordance could have been a result of significantly higher
prevalence of DM and obesity in females compared to males. In addition, the proportion of women who regularly
undertook physical exercises was significantly lower than that in males. These three factors are known to modulate serum
HDL-C levels leading to lower concentrations.®' Furthermore, moderate alcohol consumption has been reported to be
associated with elevations of serum HDL-C levels. In the present study, significant more males used alcohol compared to
females. This might have further contributed to the disparities observed in the proportions of hypoalphalipoproteinemia
according to sex.

The second most prevalent single MetS risk component was abdominal obesity, whose prevalence was significantly
higher in female participants compared to males (p < 0.001). This gender disparity was further reflected in the mean
BMI, with females recording a significantly higher mean (28.2 £ 6.4) compared to males (25.9 £ 15.6, p = 0.032).
Obesity is associated with a high prevalence of impaired glucose tolerance (IGT), and it is also an independent risk factor
for type 2 diabetes (T2D).*>** The findings from the present study were in concordance with this observation, since we
observed a significant difference in the prevalence of DM according to gender (p = 0.020) with 31.0% among female
participants diagnosed with DM compared to 18.4% among males.

The differences in the distribution of MetS risk factors according to sex observed in the present study suggests that
males possibly lead a healthier life style compared to females. This assertion is supported by findings from this study
(Table 5). It is, however, noteworthy that the current study enrolled adult participants aged 35 years and above,
suggesting that hormonal factors such as postmenopausal weight gain might explain the higher prevalence of MetS
metabolic risk factors in women compared to men.’* In concordance with findings from the present study, other
investigators also reported higher prevalences of central obesity in females compared to males.'”?>>7 The visceral
obesity and overweight differences by sex could also be attributed to the higher rates of sedentarism in females compared
to males.*® Cultural behaviors, such as the practice of resting and fattening girls in preparation for engagement and
marriage and restricting mothers indoors during postpartum period,”'*%** as well as the African male’s preferences for
plump partners*' could also explain the propensity of females to abdominal obesity.

Findings from the present study indicate that significantly more men drank alcohol and smoked cigarettes compared
to females (p = 0.028) and (p > 0.001), respectively. Similar results have been reported in studies conducted in other sub-
Saharan African countries such as, Uganda,19 Tanzania,”"*** Benin,** and SSA in general.44 On the other hand, other

researchers previously reported an association between alcohol consumption and a lower prevalence of MetS,***

as
well as a protective effect of moderate alcohol use on coronary heart disease.*” However, according to recent WHO
recommendations, no level of alcohol consumption should be considered safe.”° This calls for all countries to re-invest in
mass awareness campaigns on the risks and harms associated with drinking any amount of alcohol. On the other hand,
this recommendation by the WHO, however, defies the recognized beneficial effects of moderate alcohol consumption on

plasma HDL cholesterol concentration.”'
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The current study has numerous strengths. First, it has generated updated prevalence of MetS in a health setting in
a low-income country which, similar to many other low- and middle-income countries, is undergoing an epidemiological
transition. The study therefore provides important baseline data for future research in similar settings. Furthermore, this is
only the second study that has explored the prevalence and risk factors of MetS in Rwanda. Third, the application of
a mixture of assessments (biochemical, anthropometric, and self-reported sociodemographic data) using accredited
laboratory methods gives credence to the findings from the present study. Finally, the current study explored extensively
the putative risk factors associated with the MetS except for only a few that were beyond the scope of our study. Such
unexplored factors include possible genetic factors, polycystic ovary disease and insulin resistance although aspects of
the latter could be reflected by the glycemic indices evaluated.

The study, however, also has some limitations that include the cross-sectional nature of the study design which
precludes drawing of causal associations between study variables. Furthermore, we recruited participants aged at least 35
years from one referral health facility and this might curtail the generalizability of findings. This focus on an outpatient
population might have introduced selection bias, as individuals seeking healthcare might differ from the general
population. While this bias might have led to an overestimation of MetS prevalence due to the inclusion of individuals
with underlying health concerns, it is also possible that our study participants included health-conscious individuals who
are more proactive in seeking preventive care. Future studies should consider these factors when interpreting our findings
and aim to recruit participants from diverse settings.

In addition, the sample size of male participants was smaller than that of the female participants. However, although
small, the sub sample size was still sufficiently large to meet underlying assumptions for the statistical tests that were
employed during analysis.

Conclusion

In conclusion, our study reveals an alarmingly high prevalence of MetS at 51.9%, with a significant gender disparity
favoring females. This highlights the urgent need for targeted interventions focusing on behavioral modifications,
particularly in women. Leveraging the emerging field of precision lifestyle medicine, we advocate for
a comprehensive approach that integrates genetic profiling, environmental factors, and lifestyle habits to tackle the
multifaceted risk factors of MetS. A concerted effort between clinical and public health strategies is crucial to mitigate
the burden of MetS.
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