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ABSTRACT

Introduction: Metabolic syndrome (MetS) is a group of medical conditions that increase cardiovascular risk. This study
aimed to describe metabolic syndrome abnormalities and to identify associated risk factors among newly diagnosed
diabetic patients in two tertiary hospitals in sub-Saharan Africa.

Methodology: This study constitutes an independent exploratory epidemiological analysis conducted in 60 patients aged 18
to 65 years, consecutively recruited, newly diagnosed with diabetes, presenting metabolic syndrome (MetS), and enrolled in
the internal medicine departments of two sub-Saharan African hospitals as part of a broader research program: the Souro
Sanou University Hospital Center (CHUSS) in Burkina Faso and the Yaoundé University Teaching Hospital (CHUY) in
Cameroon. Anthropometric, physiological, and biochemical parameters were measured in the fasting state, in accordance
with the International Diabetes Federation (IDF) 2009 consensus definition of metabolic syndrome.

Results: The mean age of the participants was 46.3 + 9.6 years (median 46.5) with 53.3% women. Most participants
were married (88.3%), employed (81.7%) and 48.3% had a university degree. Finally, 85% reported practicing physical
activity. Advanced age and female gender increased the risk of having more than 5 MetS anomalies (OR = 1.10, p = 0.006).
Pupils and students were mostly in the group with fewer than 6 anomalies (OR = 0.13, p = 0.092). A history of obesity
(OR = 3.00, p = 0.071), hypertension (OR = 3.06, p = 0.057), tended to increase this risk without statistical significance.
All participants had hyperglycemia, 80% had hypertension, 46.7% had hypertriglyceridemia and 70% had hypo-HDL
cholesterolemia. Abdominal obesity affected 18.3%, elevated CRP 26.7%, and 90% had normal albumin levels.

Conclusion: Female gender, age, and obesity history tended to increase the risk, without statistical significance (OR =
3.00, p = 0.071). MetS was distributed differently among these diabetic patients, with hypertension being the second most
common abnormality.
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Introduction

Metabolic syndrome (MetS) is a concept that brings together
several metabolic, physiological, biochemical, asymptomatic
disorders, which can coexist with genetic and acquired factors[1].
It is recognized as a major public health problem due to its major
role in the occurrence of type 2 diabetes and cardiovascular
diseases [2,3]. Most definitions agree on essential components
including glucose intolerance and/or diabetes, obesity, high
blood pressure and dyslipidemia (low HDL-cholesterol and high
triglycerides) [4—7]. Globally, the prevalence of MetS ranges from
1.2% to 22.6% in young people and from 9% to 35% in adults [8—
10]. Lifestyle changes with lack of physical activity, high-calorie
diet and genetic predispositions play a major role in the genesis of
MetS. According to World Health Organization (WHO) estimates,
non-communicable diseases including high blood pressure and
type 2 diabetes affect nearly 22% of the world's population.[11]
Africa is currently experiencing one of the most rapid demographic
and epidemiological transitions in world history. The future impact
of this situation on the prevalence of MetS remains unknown
and is of concern with the increase in cardiovascular diseases.
[12—14]. To cope with the advancement of metabolic syndrome,
populations resort to hygienic-dietary measures and the practice of
physical activity and the use of certain conventional medications.
[15,16]. However, these treatments remain expensive, sometimes
unavailable and poorly tolerated, which limits their accessibility in
sub-Saharan Africa.[17,18]. Numerous studies have documented
MetS in sub-Saharan Africa [7,19,20]; however, the rapid
evolution of dietary habits, sedentary lifestyles and demographic
transitions justifies the regular conduct of epidemiological surveys
in order to detect changes in trends early and adapt prevention
and management strategies accordingly. In this context, it appears
essential to have up-to-date data from the hospital environment.
The general objective of this study was to describe metabolic
syndrome abnormalities and to identify associated risk factors
among newly diagnosed diabetic patients in two tertiary hospitals
in sub-Saharan Africa, respectively in Cameroon (CHUY) and
Burkina Faso (CHUSS).

Materials and Methods

Study design

This study constitutes an independent exploratory epidemiological
analysis, a transversal and analytical study over a period of 3 years
from August 2020 to 2023. We consecutively recruited, newly
diagnosed with diabetes, presenting metabolic syndrome (MetS),
and enrolled in the internal medicine departments of two sub-
Saharan African hospitals as part of a research program: the Souro
Sanou University Hospital Center (CHUSS) in Burkina Faso and
the Yaoundé University Teaching Hospital (CHUY) in Cameroon.

Inclusion and exclusion criteria

Our study included patients aged between 18 and 65 years, seen
in the internal medicine department, with new-onset diabetes
and at least 3 MetS criteria without organ failure and who had

not received any prior treatment. Participation in the study was
voluntary, and informed consent was obtained from each patient.
Our study did not include patients lost to follow-up, patients with
a situation that prevented data collection and biological tests from
being carried out, or patients with certain complications.

Data collection

MetS was defined according to the new harmonized definition of
2009. Based on this criterion, a person has MetS if they have at least
three of the following symptoms: an elevated waist circumference
> 94 cm for men or > 88 cm for women; elevated triglycerides (or
treatment for elevated triglycerides) > 150 mg/dL (1.7 mmol/L);
reduced HDL cholesterol level (or treatment to lower HDL) <
40 mg/dL (1.0 mmol/L) in men and < 50 mg/dL (1.3 mmol/L)
in women; elevated blood pressure (or history of hypertension) -
systolic > 130. We also measured Fibrinogen 2 to 4 g/L, Albumin
34 to 54 g/dL and CRP < 6 mg/L [21-24].

Each participant answered a pre-established questionnaire, saved
in Excel and allowing data to be collected according to the
following plan:

*  Sociodemographic data (age, sex, residence, region of origin
of parents),

e Personal history (diabetes, high blood pressure, obesity,
tobacco and alcohol consumption),

»  Type of physical activity, eating habits and lifestyle.

* A clinical examination with measurement of anthropometric
parameters (weight, height, hip circumference, waist
circumference) and hemodynamic parameters (heart rate and
blood pressure). The weight load measurement was carried
out using an ADE pharao Analytic brand impedance meter
scale. The height measurement was made using a height chart.
The waist circumference was taken using a dressmaker's
tape measure on an adult in a standing position in gentle and
unforced exhalation (without pulling in the stomach), halfway
between the lower costal margin and the iliac crest. The hip
circumference was measured with the tape measure, parallel
to the ground at the strongest point of the hips just above the
gluteal muscles [25].

*  We calculated: Body Mass Index (BMI) = weight (kg)/height?
(m?); Waist to Height Ratio (WHtR) = waist circumference
(cm) / height (cm) and Waist to Hip Ratio (WHR) = waist
circumference / hip circumference (cm) [26-28].

* Biological tests (capillary blood sugar, HDL-C, LDL-C,
triglycerides, CRP, fibrinogen and albuminemia). Blood
samples were taken in the morning and a minimum of § hours
of fasting was recommended for measuring blood sugar,
triglycerides and HDL cholesterol [29-32].

*  Anthropometric parameters and blood pressure were measured
by a nurse, independent of the research team. Blood pressure
measurement was taken after the individual had rested for 10
minutes, in a sitting position. Three consecutive readings at
S-minute intervals were collected using an electronic blood
pressure monitor from the “Omron” brand with a WHO
category indicator and an automatic pressurization cuff
adapted to their arm [26-28].
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For blood pressure measurement, the participants were advised
not to exercise for 48 hours before the measurements. They were
asked to avoid caffeine or stimulants for 24 hours before the
measurements. All measurements were performed on hospital
premises, in a quiet room with adequate lighting. Blood pressure
was measured on the subjects' upper arm using an Omron
electronic blood pressure monitor with a WHO category indicator
and an automatically pressurized cuff fitted to their arm [26-28].

Sampling and Statistical analysis

Participants were consecutively recruited, resulting in a total
sample of 60 patients, including 30 in Burkina Faso and 30 in
Cameroon, within the framework of a research program. This
study was designed as an independent exploratory epidemiological
analysis. Data were presented respectively as mean + standard
deviation (SD) and percentage (%) in tables.

Pearson's Chi-square test of independence and Fisher's exact
probability were used to compare proportions from unpaired
samples. Student's t-test on unpaired series was used to compare
mean values between two groups. The significance threshold
was set at P-value < 0.05. Multivariable logistic regression was
performed to identify factors independently associated with having
>6 MetS abnormalities (dependent variable). All variables with p
< 0.20 in univariate analysis were entered into the multivariate
model using a forward stepwise method. Results are expressed as
odds ratios (OR) with 95% confidence intervals.

Results

Description of socio-demographic data, background and
physical activity

The overall mean age of participants was 46.3 + 9.6 years, with a
median of 46.5 years (IQR: 40.0 - 53.3) (p=0.525). The distribution
between men and women showed 53.3% women (p>0.999), many
participants were married (88.3 %). The proportions of single,
widowed and cohabiting people varied between the two sites
(p=0.432). Employees represented 43.3% of the population in
each site. A higher proportion of self-employment was observed in
Yaoundé (46.7%) compared to Bobo-Dioulasso (30.0%) (p=0.169).
Nearly half of the participants had a university level (48.3%),
with a higher proportion in Yaoundé (53.3%). In Bobo-Dioulasso,
16.7% of participants had no formal education compared to 0% in
Yaoundé (p=0.183). Overall, 91.7% of participants were employed;
in both Bobo-Dioulasso and Yaoundé, the proportions were similar
between the two sites, with 93.3% employed in Bobo-Dioulasso
and 90.0% employed in Yaoundé. Participants worked an average
of 6.8 + 2.6 hours per day, with a median of 7.0 hours (IQR: 6.0 -
8.0). In Bobo-Dioulasso, the average was 6.5 = 2.8 hours, compared
to a mean of 7.0 £ 2.4 hours for Yaoundé. Participants worked
an average of 4.9 £ 1.6 days per week. It emerged that 73.3% of
participants reported a history of obesity, with a higher proportion
in Yaoundé (80.0%) than in Bobo-Dioulasso (66.7%) (p=0.243).
The mean duration of high weight was 5.7 = 5.2 years (median:
4 years), with no significant difference between Bobo-Dioulasso
(6.2 = 5.6 years) and Yaoundé (5.2 £ 5.0 years; p=0.554). The
overall prevalence of a personal history of diabetes was 26.7%,

with no cases reported in Bobo-Dioulasso (0%), while 53.3%
of participants in Yaoundé had a history of diabetes (p<0.001).
Overall, 50.0% of participants reported a history of hypertension.
These antecedents were more frequent in Bobo-Dioulasso (60.0%)
than in Yaoundé (40.0%) (p=0.121). Family history of diabetes
was significantly more frequent in Yaoundé (83.3%) than in Bobo-
Dioulasso (56.7%; p=0.024). Regarding familial hypertension,
although 85.0% of participants reported this history, the difference
between Bobo-Dioulasso (76.7%) and Yaoundé (93.3%) was not
significant (p=0.145). Tobacco consumption was low in both
groups (13.3% overall) and did not differ significantly between
Bobo-Dioulasso (16.7%) and Yaoundé (10.0%). In contrast,
alcohol consumption was significantly higher in Yaoundé (86.7%)
than in Bobo-Dioulasso (56.7%; p=0.010).

Distribution according to physical activity and eating habits
Overall, 85.0% of participants reported engaging in physical
activity. In Bobo-Dioulasso, 90.0% of participants engaged in
physical activity, compared to 80.0% in Yaoundé.

Participants from Bobo-Dioulasso were more active than those
from Yaoundé (p=0.472). The physical activities practiced were
mainly domestic (40.0%) or leisure (43.3%). Professional physical
activities were marginal (1.7% overall) and absent in Yaoundé.
In Bobo-Dioulasso, domestic activities predominated (53.3%),
while they were less frequent in Yaoundé (26.7%). In Yaoundé,
leisure activities were more frequent (53.3%) compared to
Bobo-Dioulasso (33.3%) (p=0.084). In our study, the practice of
physical activity at work was reported by 78.3% of participants,
with a significant difference between Bobo-Dioulasso (90.0%)
and Yaoundé (66.7%) (p=0.028). Most participants reported low
intensity (80.0%), the proportions were similar between Bobo-
Dioulasso (76.7% low intensity) and Yaoundé (83.3%) (p=0.519).
The overall mean daily physical activity duration was 2.3 + 2.8
hours, with a median of 1.0 hour. The duration was significantly
higher in Bobo-Dioulasso (2.5 + 2.1 hours) than in Yaoundé (2.2 +
3.4 hours, p=0.041). Participants practiced weekly physical activity
approximately 3.5 + 2.2 days per week. However, Bobo-Dioulasso
displayed a higher frequency (4.3 £ 1.8 days) than Yaound¢ (2.7
+ 2.3 days, p=0.006). Mean entertainment hours were similar
between Bobo-Dioulasso (3.9 + 2.4 hours) and Yaoundé (4.1 +
5.2 hours) (p=0.378), with a median of 3.0 hours in both groups.
Mean sleep duration was comparable between the two sites,
Bobo-Dioulasso (6.5 £ 1.1 hours) and Yaoundé (6.4 = 1.0 hours)
(p>0.999). The number of meals per day was the only variable with
a statistically significant difference (p = 0.003). This could reflect
cultural and socioeconomic differences between the groups. High
snacking (73.3%) and the frequency of eating away from home
tended to influence diet quality, although this was not statistically
significant. In contrast, fruit and vegetable consumption remained
modest and stable between the groups.

Description of risk factors associated with abnormalities of
metabolic syndrome

The results in Table 3 showed that older age and female gender
increased the probability of belonging to the group with more than
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5 metabolic syndrome abnormalities (OR = 1.10, p = 0.006). While
men most often had fewer (OR = 0.27, p = 0.025). Marital status
was not significantly associated with the distribution of the groups,
although single people had a lower probability of belonging to the
group with 6 or more MetS abnormalities compared to married
people (OR = 0.30, p = 0.139). Regarding professional status,
pupils and students were most likely to belong to the group with
fewer than 6 MetS abnormalities, but this trend was not statistically
significant (OR = 0.13, p = 0.092). Analysis of medical history and
lifestyle habits shows that individuals with a history of obesity (OR
=3.00, p=10.071), hypertension (OR = 3.06, p = 0.057), had more
than 5 MetS-associated abnormalities although this association

was not statistically significant. A personal history of diabetes
(OR = 248, p = 0.204) and family history had no significant
impact on the distribution between groups. Smoking (OR = 0.22,
p = 0.057) and alcohol consumption (OR = 0.86, p = 0.813) were
not significantly associated with the number of MetS-associated
abnormalities. No significant associations were observed with
frequency (p = 0.662), duration (2.4 +29hvs. 2.0+ 2.7h) (p =
0.595), or intensity of physical activity (p = 0.225). Participants in
the group with the most MetS abnormalities spent an average of
4.2 + 4.6 hours per day on recreational activities, compared with
3.6 £ 2.5 hours in the group with the fewest MetS abnormalities.
The group with more than 5 MetS abnormalities slept an average

Table 1: Description of socio-demographic data and background in the study population.

Variables Overall, N =601 Bobo-Dioulasso, N =301 Yaounde, N =301 p-value?
Age in years 0.525
Mean + SD 46.3+9.6 45.8+10.7 46.7+8.5
Median [IQR] 46.5[40.0 - 53.3] 45.5[39.0 - 54.0] 47.0[42.0 - 53.0]
Range 23.0 - 64.0 26.0 - 64.0 23.0-59.0
Sex >0.999
Female 32 (53.3%) 16 (53.3%) 16 (53.3%)
Male 28 (46.7%) 14 (46.7%) 14 (46.7%)
Marital status >0.999
Married 53 (88.3%) 27 (90.0%) 26 (86.7%)
Bachelor 7 (11.7%) 3 (10.0%) 4 (13.3%)
Professional status
Student 4 (6.7%) 4 (13.3%) 0 (0.0%) 0.133
Employee 49 (81.7%) 22 (73.3%) 27 (90.0%)
Unemployed/retired 7 (11.7%) 3 (10.0%) 4 (13.3%)
Educational level
None 5(8.3%) 5 (16.7%) 0 (0.0%) 0.104
Primary 13 (21.7%) 5(16.7%) 8 (26.7%)
Secondary 13 (21.7%) 7 (23.3%) 6 (20.0%)
University 29 (48.3%) 13 (43.3%) 16 (53.3%)
Current employment >0.999
Yes 55 (91.7%) 28 (93.3%) 27 (90.0%)
Working hours/day 0.255
Mean + SD 6.8+2.6 6.5+2.8 7.0+£24
Median [IQR] 7.0 (6.0 - 8.0] 6.0[5.0-8.0] 7.516.0 - 8.0]
Range 0.0-13.0 0.0-13.0 0.0-11.0
Working days per week 0.762
Mean + SD 49+1.6 49+14 49+1.8
Median [IQR] 5.0[4.0-6.0] 5.0[4.0-6.0] 5.0 [4.0-6.0]
Range 0.0-7.0 0.0-7.0 0.0-7.0
Duration of overweight 0.554
Mean + SD 57+52 62+5.6 52+5.0
Median [IQR] 4.01.5-8.0] 4.0[2.0-9.5] 3.5[1.0-7.3]
Range 0.0-22.0 1.0-22.0 0.0-20.0
Family history of hypertension 0.145
Yes 51 (85.0%) 23 (76.7%) 28 (93.3%)
Family history of diabetes 0.024
Yes 42 (70.0%) 17 (56.7%) 25 (83.3%)
Current tobacco use 0.706
Yes 8 (13.3%) 5(16.7%) 3 (10.0%)
Current alcohol consumption 0.010
Yes 43 (71.7%) 17 (56.7%) 26 (86.7%)

In (%) 2Wilcoxon rank sum test; Pearson's Chi-squared test; Fisher's exact test.
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Table 2: Description of physical activity and eating habits in the population.

Variables Overall, N =601 Bobo-Dioulasso, N =301 Yaounde, N =301 p-value?
Physical activity
Yes 51 (85.0%) 27 (90.0%) 24 (80.0%) 0.472
Type of physical activity
None 9 (15.0%) 3 (10.0%) 6 (20.0%) 0.084
Domestic 24 (40.0%) 16 (53.3%) 8 (26.7%)
Leisure 26 (43.3%) 10 (33.3%) 16 (53.3%)
Professional 1(1.7%) 1(3.3%) 0 (0.0%)
Physical activity at work
Yes 47 (78.3%) 27 (90.0%) 20 (66.7%) 0.028
Work intensity
Weak 48 (80.0%) 23 (76.7%) 25 (83.3%) 0.519
Average 12 (20.0%) 7 (23.3%) 5(16.7%)
Time in hours of physical activity
Mean + SD 23+2.38 2.5+2.1 22+34 0.041
Median [IQR] 1.0 [0.5 - 3.3] 2.0[1.0-3.8] 0.8 0.0 - 3.0]
Range 0.0-15.0 0.0 - 8.0 0.0-15.0
Day of physical activity /week
Mean + SD 35422 43+1.8 27+23 0.006
Median [IQR] 4.0[2.0-5.0] 5.0 [4.0 - 6.0] 2.5[0.0 -5.0]
Range 0.0-7.0 0.0-7.0 0.0-6.0
Sleep time/day
Mean + SD 64+1.1 6.5+1.1 64+1.0 >0.999
Median [IQR] 6.0 [6.0 - 7.0] 6.0 [6.0 - 7.0] 6.5[6.0-7.0]
Range 4.0-9.0 5.0-9.0 4.0-8.0
Fruit consumption/week
Mean + SD 34+24 32423 35+24 0.771
Median [Q1 - Q3] 3.0[1.0-5.0] 3.0[1.0-5.0] 3.0[1.0-6.0]
Min - Max 0.0-7.0 0.0-7.0 0.0-7.0
Vegetable consumption/week
Mean + SD 3.1+£2.0 34+2.0 27+1.9 0.141
Median [Q1 - Q3] 3.0[1.0-4.0] 3.0 2.0 -4.0] 2.0[1.0-4.0]
Min - Max 0.0-7.0 1.0-7.0 0.0-7.0
Number of meals/day
Mean + SD 2.8+0.7 3.0+0.6 2.7+0.7 0.119
Median [Q1 - Q3] 3.0[2.0-3.0] 3.0[3.0-3.0] 3.0[2.0-3.0]
Min - Max 1.0-4.0 2.0-4.0 1.0-4.0
Number of breakfasts/day
Mean + SD 50+£24 49+23 5.0+£2.6 0.646
Median [Q1 - Q3] 6.0[3.0-7.0] 5.5[3.0-7.0] 6.5[3.0-7.0]
Min - Max 0.0-7.0 0.0-7.0 0.0-7.0
Meals away from home / week
Mean + SD 37425 32+24 42+25 0.089
Median [Q1 - Q3] 4.0[1.5-6.0] 3.5[1.0-5.0] 5.0[2.0-7.0]
Min - Max 0.0-7.0 0.0-7.0 0.0-7.0
Snacking / week
Yes 44 (73.3%) 20 (66.7%) 24 (80.0%) 0.243
Biggest meal of the day
The morning 1 (1.67%) 1 (3.33%) 0 (0%) 0.666
At noon 35 (58.3%) 19 (63.3%) 16 (53.3%)
The evening 19 (31.7%) 8 (26.7%) 11 (36.7%)
The night 5(8.33%) 2 (6.67%) 3 (10.0%)

In (%) 2 Pearson's Chi-squared test; Wilcoxon rank sum test; Fisher's exact test.

] Clin Exp Epidemiol Res, 2026

Volume 2 | Issue 2 | 5 of 12




of 6.5 + 1.1 hours, compared with 6.2 £+ 1.0 hours.

Table 3: Description of risk factors associated with >6 metabolic
syndrome abnormalities multivariable logistic regression analysis.

Variables OR? 95% CI? p-value
Age 1.10 1.03, 1.19 0.006
23-42 — —
43-52 4.00 1.07, 17.6 0.049
>53 6.00 1.25,44.7 0.041
Sex
Female — —
Male 0.27 0.08, 0.82 0.025
Marital status
Married — —
Bachelor 0.30 0.05, 1.49 0.139
Professional status
Active — —
Student 0.13 0.01, 1.14 0.092
Unemployed/retired 1.00 0.19,7.55 >0.999
Educational level
University — —
None 0.68 0.10, 5.80 0.693
Primary 0.53 0.13,2.05 0.348
Secondary 2.48 0.52,18.2 0.296
Current employment
Yes 1.49 0.18,9.80 0.677
Familial diabetes
Yes 1.12 0.33,3.57 0.856
Family hypertension
Yes 1.92 0.42,8.26 0.377
Tobacco
Yes 0.22 0.04, 1.02 0.057
Alcohol
Yes 0.86 0.24,2.84 0.813
Physical activity
Yes 0.57 0.08, 2.68 0.513
Physical activity at work
Yes 0.95 0.23,3.44 0.937
Time in hours of 1.06 0.87, 1.35 0.595
physical activity
Physical activity day 1.06 0.82, 1.35 0.662
Leisure screen time 1.04 0.90, 1.30 0.633
Hours of sleep 1.32 0.78,2.32 0.306

Distribution of metabolic syndrome components, inflammatory
markers, and anthropometric indicators

All participants in our study (100%) had high blood glucose, confirming
generalized hyperglycemia in this population. Among the metabolic
syndrome components, 80% of participants were hypertensive (HTA+).
Nearly 70.0% had Hypo HDL cholesterolemia (p = 0.573), 46.7%
had Hypertriglyceridemia (P = 0.301), and 18.3% of participants had
abdominal obesity (p = 0.317). Regarding anthropometric indicators (p
=0.774), 53.3% according to the WHtR and 15.0% of participants had a
very high risk of metabolic complications (p = 0.142). Abdominal obesity
(defined by elevated waist circumference) was observed in 11 participants
(18.3%). Regarding other biological disorders, 26.7% had high CRP

versus 16.7%, 11.7% had high fibrinogenemia (p = 0.098), and 90% of
participants had normal albuminemia (p > 0.999).

Discussion

The general objective of this study was to describe metabolic
syndrome abnormalities and to identify associated risk factors
among newly diagnosed diabetic patients in two tertiary hospitals
in sub-Saharan Africa (Cameroon and Burkina Faso).

Female participants with an intermediate age profile (46.3 = 9.6
years) were the most represented, the distribution between men
and women was balanced, guaranteeing representation of both
sexes. Mandob et al., in 2018 in Cameroon, found a younger
population with an average age of 34.47 + 10.67 years for men and
36.92 + 11.38 years for women [33]. On the other hand, Guira et al
in Burkina Faso in 2016 found results close to ours with an average
age of 55.7 + 1.6 years, and a modal class of 51-60 years in women
(44.1%) and 61-70 years in men (63.6%) [34].

The number of employees was identical at each site and the
proportions of single, married, widowed and cohabiting people
varied little between the two sites (p=0.432).

Yaoundé appeared to have a higher proportion of self-employed
people with a university education, who associated a more
sedentary lifestyle with a higher prevalence of obesity, diabetes,
and alcohol consumption. Conversely, Bobo-Dioulasso presented
a slightly different picture, with a higher proportion of people with
high blood pressure.

Our results are different from those obtained in 2018 in Cameroon
by Mandob et al where the study population was largely single with
64.29% compared to 35.71% married. Traders represented a little
more than half of the population (57.25%) [33]. Civil servants and
those employed in other professions were moderately represented
with respective percentages of 20.51% and 19.97%. Patients with
a higher education level (university) were poorly represented
(10.28%) [33]. Our results are comparable to those of Abagre et
al in Ghana (2022) who found more married participants (66%)
than divorced, separated, or never married participants (34%) [35].
Agriculture was the main occupation of the participants (60%). Six
percent were formally employed, while 15.4% were unemployed
or retired, and 89.1% of participants had not completed secondary
education [35]. Indeed, it is believed that the increase in the
prevalence of metabolic syndrome on the African continent is
due to the abandonment of traditional African lifestyles towards
Western lifestyles. This could be explained by the fact of the
mechanization of means of transport, the accessibility of leisure
activities promoting a sedentary lifestyle such as video games or
television, as well as the increasing adoption of a "fast food" type
diet rich in calories and of poor nutritional quality [7,36—41]. In
the workplace, the reduction in physical activity among employees
associated with a sedentary lifestyle and a high-energy diet are
responsible for the increase in the prevalence of obesity and
diabetes mellitus, giving this population a high cardio-metabolic
risk [42].

] Clin Exp Epidemiol Res, 2026

Volume 2 | Issue 2 | 6 of 12



Table 4: Description of the main parameters of metabolic syndrome in the study population.

Variables Overall N =601 Bobo Dioulasso, N =301 Yaounde, N =301 p-value 2
Hyperglycemia 60 (100.0%) 30 (100.0%) 30 (100.0%)
HTA
HTA- 12 (20.0%) 6 (20.0%) 6 (20.0%) >0.999
HTA+ 48 (80.0%) 24 (80.0%) 24 (80.0%)
Triglyceride
Low 32 (53.3%) 24 (80.0%) 8 (26.7%) <0.001
Raised 28 (46.7%) 6 (20.0%) 22 (73.3%)
HDL cholesterol
Down 42 (70.0%) 23 (76.7%) 19 (63.3%) 0.260
Normal 18 (30.0%) 7 (23.3%) 11 (36.7%)
Waist size
Normal 49 (81.7%) 25 (83.3%) 24 (80.0%) 0.739
Obesity 11 (18.3%) 5 (16.7%) 6 (20.0%)
Fibrinogen
Down 8 (13.3%) 6 (20.0%) 2 (6.67%) 0.066
Raised 7 (11.7%) 1(3.33%) 6 (20.0%)
Normal 45 (75.0%) 23 (76.7%) 22 (73.3%)
Albumin
Down 6 (10.0%) 3 (10.0%) 3 (10.0%) >0.999
Normal 54 (90.0%) 27 (90.0%) 27 (90.0%)
WHR
Big 31 (51.7%) 15 (50.0%) 16 (53.3%) 0.836
Moderate 16 (26.7%) 9 (30.0%) 7 (23.3%)
Little 13 (21.7%) 6 (20.0%) 7 (23.3%)
WHtR
Normal 10 (16.7%) 4 (13.3%) 6 (20.0%) 0.042
Moderate obesity 9 (15.0%) 8 (26.7%) 1 (3.33%)
Severe obesity 32 (53.3%) 14 (46.7%) 18 (60.0%)
Slim 2 (3.33%) 2 (6.67%) 0 (0%)
Overweight 7 (11.7%) 2 (6.67%) 5 (16.7%)
CRP
Raised 16 (26.7%) 1(3.33%) 15 (50.0%) <0.001
Normal 44 (73.3%) 29 (96.7%) 15 (50.0%)
BMI
Severe obesity 2 (3.33%) 1 (3.33%) 1 (3.33%) 0.057
Normal weight 13 (21.7%) 10 (33.3%) 3 (10.0%)
Overweight 45 (75.0%) 19 (63.3%) 26 (86.7%)
Total anomalies
Mean + SD 46+13 4.1+0.8 52+14 0.002
Median [Q1 - Q3] 4.0[4.0-5.0] 4.0[4.0-5.0] 5.0[4.0 - 6.0]
Min - Max 3.0-8.0 3.0-6.0 3.0-8.0
Total anomalies slices
[3-6) 47 (78.3%) 28 (93.3%) 19 (63.3%) 0.005
[6-10] 13 (21.7%) 2 (6.67%) 11 (36.7%)
1n (%)

2Pearson's Chi-squared test; Fisher's exact test; Wilcoxon rank sum test.
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A study conducted in Mali by Togo et al in 2017 found that 13%
of patients had a family history of diabetes, 13% had high blood
pressure, 42.6% had familial obesity, and 3 out of 54 patients had a
history of current or quit smoking [43]. The fact that many patients
are unaware of their family history of diabetes and high blood
pressure in their ancestors could explain these low frequencies.

Regarding tobacco consumption, Raharinavalona et al., in
Madagascar in 2020, found a large number of smoking patients
(24.66%) who were active or had quit for less than three months,
including 57.40% males and 42.6% females [14].

Overall, 85.0% of participants reported engaging in physical
activity. In Bobo-Dioulasso, 90.0% of participants engaged in
physical activity, compared to 80.0% in Yaoundé. In the context
of metabolic syndrome, poor physical fitness was shown to be as
powerful an indicator as conventional risk criteria. People who
were inactive were twice as likely to develop cardiovascular
discase as those who were active [44]. The protective effect of
physical exercise against the risk of early death in individuals with
metabolic syndrome has been clearly established [45]. Physical
activity helps increase energy expenditure. Combining endurance
sports with muscle strengthening can limit or even correct the
components of metabolic syndrome, and therefore reduce the risk
of metabolic syndrome itself [45]. A modest amount of moderate-
intensity exercise, in the absence of dietary changes, significantly
improved metabolic syndrome. A greater amount of vigorous
exercise was found to have greater and more widespread benefits.
Finally, there is some evidence that moderate-intensity exercise
may be better than vigorous-intensity exercise for improving
metabolic syndrome [46]. These results explain the favourable
evolution of the metabolic syndrome in our study, because the
participants significantly improved in duration, intensity and
number of sessions of physical activity.

The association between older age, female sex, and the presence
of more metabolic syndrome abnormalities may be explained
physiologically by hormonal and metabolic effects after menopause
by the decline in estrogen leads to a redistribution of body fat
towards the abdomen, promoting visceral obesity, resistance or
decreased sensitivity to insulin, and a chronic inflammatory state
linked to metabolic syndrome. The relationship between blood
sugar and age depends on many individual factors. As we age,
blood sugar control can become more difficult due to physiological
changes, such as insulin resistance (cells become less sensitive to
insulin) [47,48]. On the other hand, high blood sugar levels can
also accelerate the cellular aging process, lead to decreased insulin
production by the pancreas, lead to an altered response of glucose
metabolism with changes in body composition by decreased
muscle mass and increased fat mass [47,48].

With age, it is common for waist circumference to increase due to
hormonal changes, decreased muscle mass, basal metabolic rate,
increased insulin resistance, and the tendency to store more fat
around the waist [49]. Depending on gender, men tend to have
a larger waist circumference (android) than women (gynoid)

on average, partly due to the different distribution of fat in the
body. High blood pressure can be the result of oxidative stress,
inflammation, and be associated with fat accumulation around
the waist. Obesity, particularly abdominal obesity, is strongly
correlated with increased insulin resistance, high blood lipid
levels, and chronic inflammation. It can be caused by a variety of
factors, including an unbalanced diet, lack of exercise, and genetic
factors [49].

Marital and professional status influenced the probability of
having more than 5 MetS for unemployed people and a low level
of education (OR = 0.13, p = 0.092). Analysis of medical history
and lifestyle habits shows that people with a history of obesity
(OR =3.00, p=0.071), hypertension (OR = 3.06, p = 0.057), had
more than 5 abnormalities associated with MetS although this
association was not statistically significant. These observations are
in agreement with those of Mandob et al., in 2018 in Yaoundé,
Cameroon whose results did not find a significant association
between the level of education or employment and metabolic
syndrome [33]. The results showed that female gender, age group
above 45 years and duration of residence in Yaoundé¢ above five
years were risk factors, while marital status, ecological zone,
employment and educational level were not associated with
metabolic syndrome [33]. The lack of association with education
level or employment could indicate that eating habits were more
influenced by cultural and family factors than by occupation.

Sicree et al. (2008) found that high waist circumference, hip
circumference, and BMI were associated with elevated 2-hour
postprandial blood glucose levels in both men and women.
These relationships are likely due to obesity-related disturbances
in glucose metabolism. In particular, the visceral component of
abdominal fat is strongly associated with insulin resistance [50].

A family history of diabetes can increase a person's risk of
developing the disease. Genetic factors as well as shared lifestyle
habits within a family can play a role in this predisposition [47].

A history of alcohol consumption may increase blood pressure
through an effect on the sympathetic nervous system, which
regulates heart rate and constriction of blood vessels [51,52]. An
effect on hormones and vasoactive substances such as aldosterone
and angiotensin II with dysfunction of the renin-angiotensin-
aldosterone system (RAAS) increase the secretion of aldosterone
(water and sodium retention) [51,53].

Smoking can cause constriction of blood vessels and increase
oxidative stress (which reflects an imbalance between free radicals
and antioxidants). These free radicals will alter the regulation of
adipokines and cytokines, which can worsen high blood pressure
[54]. Nicotine also causes hormonal changes that generate, among
other things, an accumulation of fat in the abdomen, which
itself contributes to insulin resistance, thus predisposing to the
development of diabetes [55,56]. Smoking can alter blood lipid
levels by increasing LDL ("bad") cholesterol levels and decreasing
HDL ("good") cholesterol levels, contributing to dyslipidemia.
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Intravenous nicotine and smoking increase plasma free fatty
acid (FFA) levels through enhanced lipolysis resulting from
sympathoadrenal stimulation [57].

The WHO recommends that adults achieve significant metabolic
health benefits by engaging in at least 150 to 300 minutes of
moderate-intensity physical activity per week or 75 to 150 minutes
of vigorous-intensity physical activity per week. In addition to
muscle-strengthening exercises, they should engage in at least two
days a week [58].

Aune et al., in 2015 in a meta-analysis showed that 30 minutes of
moderate physical activity per day reduces the risk of metabolic
syndrome by 30% [59].

Hypertriglyceridemia, characterized by increased fasting and
postprandial triglyceride-rich lipoprotein concentrations, and
platelet hyperactivity are risk factors for atherothrombosis in
patients with type 2 diabetes. A history of type 2 diabetes may
increase serum triglyceride levels [60]. Fibrinogen is considered an
acute-phase protein of inflammation, interacting with leukocytes
and vascular endothelial cells. Fibrinogen has recently been shown
to be involved in thrombogenesis and atherogenesis [61]. It can
therefore be considered as a marker of coronary artery disease.
Fibrinogen synthesis can increase significantly following stress,
regular tobacco and alcohol consumption.

Our results are similar to those described by Raharinavalona et
al. (2020) [14]. Indeed, they found that in all genders combined,
metabolic syndrome had 3 components in 45.21% of cases, 4
components in 28.31% of cases and 5 components in 12.78% of
cases. Hyperglycemia was the most common component, followed
by hypertension, hypo-HDL cholesterolemia, abdominal obesity,
and hypertriglyceridemia. These parameters were significantly
associated with metabolic syndrome [14]. In Senegal, Cisse et al.
(2020) found a prevalence of 6.57% with a female predominance
(8.65% vs 4.72%) increasing with age. The most common
components of metabolic syndrome are high blood pressure
(86.2%) followed by abdominal obesity (72.41%) [62]. In Mali,
Togo et al. (2017) found a prevalence of metabolic syndrome of
11.23%, the presence of the association obesity + diabetes + high
blood pressure in families was seen in 27.8% of patients [43].

Conclusion

The results obtained in this study show that the association of
metabolic syndrome parameters depends on individual factors,
advanced age and lifestyle. The urgency of implementing a
preventive strategy based on universal measures to promote
healthy eating habits and regular physical activity should begin at
a young age, in homes, schools and public spaces.

Limitations

Despite promising findings,

considered.

- Therelatively small sample size (n=60) may limit the statistical
power to detect associations, particularly for variables with

several limitations should be

low prevalence in this population.

- The hospital-based recruitment may have introduced selection
bias and may limit the generalizability of the findings to the
overall population.

- Although standardized procedures were used, measurement
bias and residual confounding could not be completely
excluded.

Conflicts of interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to
influence the work reported in this paper.

What is already know on this topic

Metabolic syndrome is a cluster of interconnected cardiometabolic
abnormalities that significantly increase the risk of type 2 diabetes
and cardiovascular disease.

Current evidence highlights that metabolic syndrome is both
preventable and reversible through lifestyle modification and
targeted interventions.

What this study adds

This study provides updated, context-specific epidemiological data
on the burden, clinical presentation, and demographic distribution
of metabolic syndrome among hospitalized adults in two sub-
Saharan African internal medicine departments.

The study identifies specific risk patterns and comorbidity profiles
associated with metabolic syndrome in sub-Saharan Africa.

Authors’ contributions

The author(s) acknowledged that:

1. All authors have read, understand and agreed to the submission
guidelines, policies and submission declaration of the journal.

2. The manuscript is the authors' original work and has not been
published or is not being submitted or considered for publication
elsewhere.

3. All authors have checked the manuscript for plagiarism and
declare that manuscript is plagiarism free and approved the
manuscript as submitted.

5. All authors participated in the work in a substantive way and are
prepared to take public responsibility for the work.

6. All authors of the manuscript have no conflict of interests to
declare.

7. The manuscript submitted to the journal is not copied or
plagiarized version of some other published work. All the data
taken from other sources is written in authors own language and
properly cited.

Trial registration
- Regional Ethics Committee for Research on Human Health of the
Centre Region, Cameroon

EC No. 007 / No. / CRERSHC / 2023, issued in Yaoundé on
January 12, 2023

] Clin Exp Epidemiol Res, 2026

Volume 2 | Issue 2 | 9 of 12



- National Institute of Public Health:
Committee, Burkina Faso

Deliberation No. 2023 — 007 / MSP / SG / INS / CEI, issued in
Ouagadougou on July 12,2023

Institutional Ethics

- University of Douala

No. 3159 E11 — UDO / 06 / 2022 / IT, issued in Douala on June
7,2022

- Regional Delegation of Health of Yaoundé

0099 / AR / MINISTRY OF PUBLIC HEALTH / SG / DRSPC,
issued on January 17, 2023

- Sourd Sanou University Teaching Hospital, Bobo-Dioulasso

No. 2021 /0265 / MS / SG / CHUSS / DG / DRH on September
16,2021

- Yaoundé University Teaching Hospital
No. 12 /AR /CHUY /DG /DGA /CAPRC

Director General / Director of Human Resources on January 11,
2023

References

1. Martin-Du Pan RC, Juan Ruiz. Syndrome métabolique:
syndrome fourre-tout des patients obeses ou entite specifique.
Quel traitement: hygiene de vie ou polypill. Rev Med Suisse.
2008; 143: 366-373.

2. Raoux F. Syndrome metabolique: definitions et epidemiologie.
MT Cardio. 2006; 2: 174-182.

3. Yayo SED, Ahibo H, Ake-Edjeme A, et al. Prevalence du
syndrome metabolique chez les adolescents ivoiriens ages de
12 a 15 ans. Undefined. 2009.

4. Junquero D, Rival Y. Syndrome métabolique: quelle définition
pour quel(s) traitement(s). Med Sci. 2005; 21: 1045-1053.

5. Hamida F, Temmar M, Lamine Atif M, et al. P130 Syndrome
metabolique: prevalence et caractéristiques  clinico-
biologiques dans une population du Sahara algerien. Resumes
Commun Congres Annu SFD SFD Paramed. 2015; 41: A65.

6. Mohan V, Deepa M. The metabolic syndrome in developing
countries. Diabetes Voice. 2006; 51.

7. Okafor CI. The metabolic syndrome in Africa: Current trends.
Indian J Endocrinol Metab. 2012; 16: 56-66.

8. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome.
The Lancet. 2005; 365: 1415-1428.

9. Goodman E, Daniels SR, Morrison JA, et al. Contrasting
prevalence of and demographic disparities in the World Health
Organization and National Cholesterol Education Program
Adult Treatment Panel III definitions of metabolic syndrome
among adolescents. J Pediatr. 2004; 145: 445-451.

10. Owolabi EO, Ter Goon D, Adeniyi OV, et al. Prevalence and
Correlates of Metabolic Syndrome Among Adults Attending
Healthcare Facilities in Eastern Cape, South Africa. Open
Public Health Journal. 2017; 10.

11. mondiale de la Sante A. Cinquieme rapport de la Commission
A.2013.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Boombhi J, Menanga A, Doualla JP, et al. Prevalence et
mortalite des maladies cardiovasculaires en milieu hospitalier
camerounais: Cas de deux hopitaux de reference de la ville de
Yaounde. 2015.

Fezeu L, Balkau B, Kengne A-P, et al. Metabolic syndrome in
a sub-Saharan African setting: central obesity may be the key
determinant. Atherosclerosis. 2007; 193: 70-76.

Raharinavalona SA, Razanamparany T, Raherison RE, et al.
Prevalence du syndrome métabolique et des facteurs de risque
cardiovasculaire chez les diabétiques de type 2 vu au service
d’endocrinologie, Antananarivo. Pan Afr Med J. 2020; 36: 67.

Jafari M, Ebrahimi R, Ahmadi-Kashani M, et al. Efficacy of
alternate-day dosing versus daily dosing of atorvastatin. J
Cardiovasc Pharmacol Ther. 2003; 8: 123-126.

Mankar NN, Zad VR, Vakharia MP. Efficacy of alternate day
versus daily atorvastatin in reduction of low density lipoprotein
cholesterol: a prospective, randomized, open labelled, parallel
group study. Int J Basic Clin Pharmacol. 2016; 5: 1421-1424.

El Hilaly J, Israili ZH, Lyoussi B. Acute and chronic
toxicological studies of Ajuga iva in experimental animals. J
Ethnopharmacol. 2004; 91: 43-50.

Okonkwo P, Okoye Z. Hypoglycaemic effects of the aqueous
extract of Newbouldia laevis root in rats. Int J Biol Chem Sci.
2009; 3: 998-1004.

Bowo-Ngandji A, Kenmoe S, Ebogo-Belobo JT, et al.
Prevalence of the metabolic syndrome in African populations:
A systematic review and meta-analysis. PloS One. 2023; 18:
€0289155.

Shiferaw WS, Akalu TY, Gedefaw M, et al. Metabolic
syndrome among type 2 diabetic patients in Sub-Saharan
African countries: A systematic review and meta-analysis.
Diabetes Metab Syndr Clin Res Rev. 2020; 14: 1403-1411.

Alberti KGMM, Eckel RH, Grundy SM, et al. Harmonizing
the metabolic syndrome: a joint interim statement of the
International Diabetes Federation Task Force on Epidemiology
and Prevention; National Heart, Lung, and Blood Institute;
American Heart Association; World Heart Federation;
International Atherosclerosis Society; and International
Association for the Study of Obesity. Circulation. 2009; 120:
1640-1645.

Cheng AY, Leiter LA. Metabolic syndrome under fire:
Weighing in on the truth. Can J Cardiol. 2006; 22: 379-382.

Gale EAM. The myth of the metabolic syndrome. Diabetologia.
2005; 48: 1679-1683.

Hamida F, Temmar M, Lamine Atif M, et al. P130 Syndrome
métabolique: prévalence et caractéristiques clinico-
biologiques dans une population du Sahara algerien. Diabetes
Metab. 2015; 41: A65.

Fernandez JR, Redden DT, Pietrobelli A, et al. Waist circum-
ference percentiles in nationally representative samples of

African-American, European-American, and Mexican-American
children and adolescents. J Pediatr. 2004; 145: 439-444.

] Clin Exp Epidemiol Res, 2026

Volume 2 | Issue 2 | 10 of 12



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Cook S, Weitzman M, Auinger P, et al. Prevalence of a
metabolic syndrome phenotype in adolescents: findings from
the third National Health and Nutrition Examination Survey,
1988-1994. Arch Pediatr Adolesc Med. 2003; 157: 821-827.

Cruz ML, Weigensberg MJ, Huang TT-K, et al. The metabolic
syndrome in overweight Hispanic youth and the role of insulin
sensitivity. J Clin Endocrinol Metab. 2004; 89: 108-113.

Zimmet P, Alberti G, Kaufman F, et al. The metabolic
syndrome in children and adolescents. Lancet Lond Engl.
2007; 369: 2059-2061.

Fossati P, Prencipe L. Serum triglycerides determined
colorimetrically with an enzyme that produces hydrogen
peroxide. Clin Chem. 1982; 28: 2077-2080.

Friedewald WT, Levy RI, Fredrickson DS. Estimation of
the concentration of low-density lipoprotein cholesterol in
plasma, without use of the preparative ultracentrifuge. Clin
Chem. 1972; 18: 499-502.

Ftouhi B, Zidi W, Elasmi M, et al. P263 Taux de C-Reactive
Proteine et Syndrome métabolique. Diabetes Metab. 2010;
36: A101.

Young TK, Dean HJ, Flett B, et al. Childhood obesity in a
population at high risk for type 2 diabetes. J Pediatr. 2000;
136: 365-369.

Mandob D, Messi Z, Noa Ndoua C. Facteurs de risques
sociodemographiques du syndrome metabolique dans une
population de yaounde-cameroun. Int J Adv Res. 2018; 6:
596-605.

Guira O, Tiéno H, Sagna 'Y, et al. Clinical profile of metabolic
syndrome and factors associated with its presence during the
course of type 2 diabetes in Ouagadougou (Burkina Faso).
Metabolic Mal Medicine 2016; 10: 70-74.

Abagre TA, Bandoh DA, Addo-Lartey AA. Determinants of
metabolic syndrome among patients attending diabetes clinics
in two sub-urban hospitals: Bono Region, Ghana. BMC
Cardiovasc Disord. 2022; 22: 366.

Fofana HR, Kabore A, Hien H, et al. 99 - Prévalence et
facteurs associés au syndrome métabolique au Burkina Faso.
Rev DEpidémiologie Sante Publique. 2022; 70: S167.

Hooper L, Martin N, Jimoh OF, et al. Reduction in saturated
fat intake for cardiovascular disease. Cochrane Database Syst
Rev. 2020; 5: CDO11737.

Hooper L, Abdelhamid A, Moore HJ, et al. Effect of reducing
total fat intake on body weight: systematic review and meta-
analysis of randomised controlled trials and cohort studies.
BMIJ. 2012; 345: ¢7666.

Hooper L, Asmaa Abdelhamid, Bunn D, et al. Effects of total
fat intake on body weight. Cochrane Database Syst Rev. 2015;
2015: CD011834.

OMS. Healthy diet 2020. https://www.who.int/news-room/
fact-sheets/detail/healthy-diet (accessed July 16, 2023).

World Health Organization. Programme on Traditional
Medicine. General guidelines for methodologies on research

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.
57.

58.

and evaluation of traditional medicine. World Health

Organization. 2000.

Danho J, Ake-Tano O, Hue A, et al. Metabolic syndrome and
weight overload: study of 255 cases at the Nutrition Service
of the National Institute of Public Health (INSP) in Abidjan,
Cote d'Ivoire. Metabolic Mal Medicine. 2019; 13: 300-305.

Togo Sekou O, Sidibe Assa T, Sow Djenebas. Study of
metabolic syndrome in internal medicine and endocrinology
of mali hospital. Bamako University of Science, Technology
and Technology. 2017.

Sobolski J, Kornitzer M, De Backer G, et al. Protection against
ischemic heart disease in the Belgian Physical Fitness Study:
physical fitness rather than physical activity. Am J Epidemiol.
1987; 125: 601-610.

Gninou A, Tellier E. Fructose Consumption To ward Metabolic
Syndrome: Beneficial or Deleterious. dumas-01531280. 2017:
98.

Johnson JL, Slentz CA, Houmard JA, et al. Exercise Training
Amount and Intensity Effects on Metabolic Syndrome (From
Studies of a Targeted Risk Reduction Intervention through
Defined Exercise). Am J Cardiol. 2007; 100: 1759-1766.

Pillon F, Tan K, Jouty P, et al. Type 2 diabetes: the essentials
on the pathology. Actual Pharm. 2014; 53: 18-22.

Villegas R, Salim A, O’Halloran D, et al. Alcohol intake
and insulin resistance. A cross-sectional study. Nutr Metab
Cardiovasc Dis. 2004; 14: 233-240.

Brun J, Bringer J. Composition corporelle selon le sexe:
déterminisme de la localisation des graisses. Flammarion
Meédecine Sci. 2001: 13-24.

Sicree RA, Zimmet PZ, Dunstan DW, et al. Differences in
height explain gender differences in the response to the oral
glucose tolerance test- the AusDiab study. Diabet Med. 2008;
25:296-302.

Martin S, Diebolt M, Andriantsitohaina R. Consommation
modérée d’alcool et maladies cardiovasculaires. Pathol Biol.
2001; 49: 769-774.

Naassila M, Bouajila N, Thomas D, et al. Consommation
d’alcool et hypertension artérielle. Rev Prat Médecine
Générale. 2023; 73: 661.

Poikolainen K. Les effets de ’alcool sur la sante. Bull OIV
Fr. 1997, 70.

Madika A-L, Mounier-Vehier C. Tabac et pression artérielle:
une relation complexe a mieux connaitre. Presse Médicale.
2017; 46: 697-702.

Durlach V, Verges B, Al-Salameh A, et al. Smoking and
diabetes interplay: A comprehensive review and joint
statement. Diabetes Metab. 2022; 48: 101370.

OMS. Tobacco and diabetes. Organ Mond Santé. 2023.

Mjes OD. Lipid effects of smoking. Am Heart J. 1988; 115:
272-275.

Bull FC, Al-Ansari SS, Biddle S, et al. World Health
Organization 2020 guidelines on physical activity and

] Clin Exp Epidemiol Res, 2026

Volume 2 | Issue 2 | 11 of 12



sedentary behaviour. Br J Sports Med. 2020; 54: 1451-1462.

59. Aune D, Norat T, Leitzmann M, et al. Physical activity and the
risk of type 2 diabetes: a systematic review and dose-response
meta-analysis. Eur J Epidemiol. 2015; 30: 529-542.

60. Boulet M. Triglyceride-rich lipoproteins in the type 2 diabetic
patient: Effects on platelet activation and sphingolipidomic
profile. phdthesis. University of Lyon. 2020.

61. Drouet L, Sollier CB said. Does fibrinogen have a place in
assessing ischemic heart attack risk. Therapies. 2005; 60: 125-
136.

62. Cisse F, Lamkinsi T, Coly N, et al. Study of the prevalence of
metabolic syndrome in senegalese population. 2020; 2: 1-7.

© 2025 Josiane Gertrude BNB, et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License

] Clin Exp Epidemiol Res, 2026

Volume 2 | Issue 2 | 12 of 12



