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Abstract
The prevalence of non-communicable diseases (NCD) including obesity, diabetes and cardiovascular diseases is increasing in low and middle-income countries. Our 
purpose was to assess cardiometabolic risk (CMR) and the relationship between abdominal obesity (AO) and other CMR biomarkers in two urban population groups 
with a common African heritage but living in widely different settings, Cotonou (Benin, West Africa) and Port-au-Prince (Haiti).

The cross-sectional study included 452 apparently healthy men and women from Cotonou and Port-au-Prince (PAP) aged 25y to 60y and selected by cluster random 
sampling. We used the definition of the International Diabetes Federation for the metabolic syndrome (MetS) including the generic waist circumference cut-offs. 
Insulin resistance was set at the 75th centile of Homeostasis Model Assessment (HOMA-IR) for the whole sample of subjects. High atherogenicity index (total serum 
cholesterol/HDL-Cholesterol>4 in men, > 5 in women) and inflammation according to high-sensitivity C-reactive protein (hsCRP) were also assessed. 

MetS prevalence was 21.5% and 16.1% in Cotonou and PAP, respectively. The most prevalent MetS components were low HDL-cholesterol, followed by AO and 
high blood pressure. AO was much higher in women than in men: 83% vs. 22% in Cotonou, and 67% vs. 9.6% in PAP. Insulin resistance and high atherogenicity 
index were roughly twice as prevalent in PAP as in Cotonou in spite of a lower AO prevalence in the former setting. High hsCRP was not significantly different 
(20.3% in Cotonou, 13.6% in PAP). Controlling for age and city, AO was independently associated with CMR biomarkers except for hyperglycemia and the 
association was much stronger in men than in women.

Although CMR was high in both settings, differential rates were noted for specific biomarkers; environmental determinants need to be investigated. Ethno-specific 
WC cut-offs for AO are needed particularly for women. 

Introduction
Abdominal obesity (AO) has been gradually recognized as a 

metabolic disorder that contributes more to the cardiometabolic risk 
(CMR) than general obesity as defined by highbody mass index (BMI) 
[1,2]. It is associated with dysglycemia, dyslipidemia, insulin resistance, 
subclinical inflammation and hypertension [3,4]. Whilemany studies 
have established the relationship between AO and other CMR 
biomarkers in Caucasians, there is still a dearthof such data for African 
and African-origin populations [5,6]. These population groups, whether 
in sub-Saharan Africa or the Caribbean, are currently undergoing the 
nutrition transition, with shifts toward atherogenic diets and sedentary 
lifestyles along with increased urbanization, all factors that increase 
obesity and its related metabolic disorders [7,8].

Owing to the absence of specific waist circumference (WC) cut-
offs, AO is defined in blacks using the generic WC cut-off values 
primarily determined in Europeans [9,10]. This results in inconsistent 
relationships between AO and other CMR biomarkers in Blacks and 
itcould partially explain the apparent paradox that Black populations 

are reportedly more likely to have obesity, hypertension, diabetes, MetS 
and elevated subclinical inflammation even if they have less visceral 
adipose tissue thanCaucasians counterparts for a given BMI or WC 
[11-14].

The international study conducted in Benin and in Haiti was 
intended to isolate the environmental and behavioural determinants 
of CMR as these population groups are close genetically while they 

Correspondence to: Hélène Delisle, Professor Hélène Delisle, TRANSNUT, 
WHO Collaborating Centre on Nutrition Changes and Development, 
Department of Nutrition, University of Montreal, PO Box 6128 Downtown 
Station, Montreal H3C 3J7, Quebec, Canada; Tel : +1 514 343-6111 poste 25219, 
E-mail: helene.delisle@umontreal.ca

Key words: abdominal obesity, Africans, cardiometabolic risk biomarkers, metabolic 
syndrome

Received: September 18, 2015; Accepted: October 05, 2015; Published: October 
08, 2015



Mabchour AEL (2015) Abdominal obesity and other cardiometabolic risk biomarkers in two urban population groups with a common African heritage: Cotonou 
(Benin) and Port-au-Prince (Haiti)

 Volume 1(6): 133-140Integr Obesity Diabetes, 2015        doi: 10.15761/IOD.1000130

randomly selected and one adult per household was retained, giving a 
total of 260 subjects. Eight subjects were excluded because of doubtful 
reliability of data, which gave a final sample of 252 subjects in PAP.

Study variables and their measurement

Methods for anthropometric and blood pressure measurements, 
as well as for subjects’ selection andblood sampling,were standardized 
across sitesbefore data collection began. All biochemical analyzeswere 
performed in the same laboratory using the same analytical procedures 
in order to allowfor comparisons of the CMR biomarkers between 
Cotonou and PAP.

Weights and heights were measured to calculate body mass index 
(BMI)as a measure of general obesity. A standardized protocolwas used 
as defined elsewhere [19]. The World Health Organization cut-off value 
was used to define general obesity (BMI ≥ 30 kg/m2) [20]. Abdominal 
obesitywas defined according to the International Diabetes Federation 
(IDF) generic WC criteria in the absence of ethno-specific data(WC 
≥ 94cm in men, ≥ 80 cm in women) [10]. WC was measured using a 
flexible non-stretch tape to the nearest 0.1 cm at midpoint between the 
lower rib and the iliac crest while subjects were standing and breathing 
normally. The average of two measures of WC was used in the analyzes 
[21].

Blood pressurewasmeasured using a mercury sphygmomanometer. 
Two readings of systolic (SBP) and diastolic blood pressure (DBP) 
were taken on the right arm of each subject in a sitting position after a 
10minute rest.The time interval between two consecutive measures was 
at least 10 minutes. The mean value of two readings of SBP andDBP 
was used in analyses. High blood pressure was defined as SBP≥ 130 
mmHg or DBP ≥ 85 mmHg [10].

Venous blood samples (10 ml) were drawn after an over-night 
fast of 12 hours and were centrifuged within two hours [19]. Plasma 
samples were stored at -20°C in each site and shipped in dryice to the 
Biochemical laboratory of the UniversityHospital of Nancy (France) 
for biochemical analysis. High-sensitivity C-reactive protein (hsCRP) 
was assessed by immunonephelometry andhigh risk subclinical 
inflammation was present when hsCRP concentration was between 3 
and 10 mg/L[22]. Serum insulin was measured by radioimmunoassay 
and insulin resistancecut-off was the 75th centile (3.9) of the 
calculatedHomeostasis Model Assessment index (HOMA-IR) [(fasting 
glucose x fasting insulin)/22.5] for all study subjects [23]. Plasma glucose 
was measured by a glucose oxidase method and fasting hyperglycemia 
was defined asglucose concentration ≥5.6mmol/L [10]. Serum total 
cholesterol (TC), HDL cholesterol (HDL-C) and triglycerides (TG) 
were measured by enzymatic colorimetric method. Low HDL-Ccut-
off values were <1.03 mmol/L in men and <1.29 mmol/L in women. 
Hypertriglyceridemia was defined byTG concentrations ≥1.7 mmol/L 
[24]. The atherogenicity index (TC/HDL-C) was considered at risk 
when >5 in men and > 4 in women [25]. 

The metabolic syndrome (MetS) was defined according to the last 
joint interim statement of several organizations, and was present when 
any three of the following five components were present: AO, high 
blood pressure, elevated fasting glucose, elevated triglycerides, and low 
HDL-C [10].

Statistical analysis

Data were processed and analyzed with SPSS (version 21.0, Chicago 
Inc.). Means, standard deviations, medians and centiles were calculated 
for continuous variables, and UMann-Whitney test or t-test wereused 

live in widely different environments. For this first paper comparing 
adults living in Cotonou (Benin) and Port-au-Prince (PAP, Haiti), 
our purpose was to assessthe prevalence of the MetS, its individual 
components and other CMR biomarkers (general obesity, insulin 
resistance, high atherogenicity index and subclinical inflammation), as 
well as the association of AO (according to generic WC cut-offs) with 
the other CMR biomarkers.

Subjects and methods
Population samples and data collection

The cross-sectional study included 452 apparently healthy subjects: 
200 (100 men, 100 women) in Cotonou, the economic capital and 
the largest city of Benin (West Africa)with a population of 665,100 in 
2002 [15]; and 252 (135 men, 117 women) in the metropolitan area 
of Port-au-Prince (PAP), Haiti capital with  a population of 2 million 
according to the last census of 2003 [16]. The sample size in both areas 
was adequate to perform multivariate analyzes with 20 independent 
variables to detect small size effects with a statistical power of 80% 
and a confidence interval of 95% [17]. The selected age range was 25 
- 60 years,as the occurrence of CMR may rapidly increase beyond age 
60, while it is usually low under the age of 25 years [18]. The selected 
subjects had to have lived in the study area for at least six months prior 
to the survey so that no changes in their lifestyle or socioeconomic 
status could be ascribed to their recent urban migration. Pregnant 
and lactating womenand subjects with diagnosed high blood pressure, 
diabetes or any heart condition were excluded from the study. Subjects 
were selected by cluster random sampling. The study was conducted 
in Cotonou between 2005 and 2006 and in PAP between 2008 and 
2009 (Figure 1). Details of the sampling method in Cotonou were 
published elsewhere [19]. In PAP, themetropolitan area includes1900 
enumeration areas (EA) witheach one comprising approximately 225 
households. An initial 200 EA were selected by systematic samplingand 
then 20 EA wererandomly selected. For each EA, 13 households were 

Figure 1. Cluster random sampling in PAP and in Cotonou. EA: Enumeration area
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when appropriate to compare data between Cotonou and PAP and 
between women and men. Comparisons of CMR biomarkers between 
the two groups in men and in women used the χ2 test for categorical 
data.Multiple logistic regression analyses were performed to assess the 
independent association ofAOwitheach of the other CMRbiomarkers 
in men and in women,adjusting for age and city.Statistical significance 
was setat p<0.05. 

Ethical considerations 

The initial studies were approved by the Ethics and Health Research 
Committees of the Faculty of Medicine,University of Montreal, the 
Ministry of Public Health and Population of Haiti and the Ministry 
of Healthin Benin. All participants signed an informed consent form. 
The subjects in whomhypertension or dysglycemiawas detected in the 
course of the study were referred to a physician for diagnosis and the 
first consultation was covered by project funds. The study results were 
fed back to Benin and Haiti.

Results
Study subjects’ characteristics

Characteristics of the study subjects (n =452) by sex and according 
to the studyarea are shown in Table 1. For subclinical inflammation 
analyses, 6.5% (n=13) of Beninese and 9.5% (n=24) of Haitians with 
plasmahsCRP concentration above 10mg/L were excluded because of 
likelyinfection. The mean age of subjects was under 40 years for men 
and women in both locations and it was not significantly different 
between Cotonou and PAP within sex groups. WC, BMI, SBP, HDL-
CandhsCRPconcentrationsweresignificantly higher in Cotonou than 
in PAP, in both men and women. Conversely, DBP, TG concentration, 
TC/HDL-C ratio and HOMA-IR index were significantly higher in PAP 
than in Cotonou in both men and women. Fasting plasma glucose was not 
significantly different between the two cities in either men and women.

Prevalence of MetSand its individual components

MetS was present in 21.5% and 16.1% of subjects in Cotonouand 
PAP, respectively (Figure 2), with no significant difference. Low HDL-C 
was the most prevalent MetS component in both groups, affecting more 
than 75% of subjects andsignificantly higher in PAP than in Cotonou. 
AO was significantly more prevalent in Cotonouwhere more than half 
the subjects were affected.High blood pressure was present in one out 
of four or five subjects, with no significant difference between the two 
cities.The MetS was present in 28.2% of women versus 14.9% of men 
(p<0.001). As can be seen in Figure 3, MetS individual components 
were all much more prevalent in women than men, except for fasting 
hyperglycemia. Overall, 75% of women had central obesity compared 
toless than 15% of men(p<0.001). High blood pressure was present in 
more than 25% of women and 20% of men (p=0.034). Low HDL-C was 
present in 94% of women and in 76.6% of men (p<0.001). In Cotonou 
as well as PAP, the prevalence of the MetS was three to five times 
higher and that of AO was four to six times higher in women than 
men (Figure 3). AO prevalence was significantly higher in Cotonou 
than in PAP in both men (p=0.008) and women (p=0.012 in women), 
while HDL-C was significantly higher in PAP than in Cotonou but 
only in men(p=0.008). Fasting hyperglycemia was uncommon and 
was not significantly different between cities, in men and in women. 
Hypertriglyceridemia was not observed in Cotonou and was present in 
only 2.2% (n=3) of men in PAP. 

Prevalence of other CMR biomarkers

High atherogenicity index (TC/HDL-C) and insulin resistance 
were both much higher and significantly so in PAP than in Cotonou. 
General obesity was present in one out of five subjects and one out of 
six, respectively, in Cotonou and in PAP, with no significant difference 
between cities. Subclinical inflammation was present in about 20% of 
subjects in each city, and its prevalence was not significantly different 
(Figure 4). Much like for the prevalence of the MetS and its components 

Women (n = 217) Men (n = 235)

Cotonou
(n = 100)

PAP
(n = 117)

p Cotonou
(n = 100)

PAP
(n = 135)

p

Age(years) 40.0 ± 9.6 38.2 ± 10.1 0.186 37.8 ± 9.8 35.7 ± 10.4 0.114

WC (cm) 91.1 ± 13.1 86.4 ± 13.6 0.010 84.4 ± 12.7 79.6 ± 11.6 0.003

BMI (Kg/m2)* 28.1 ± 5.8 27.9 
(23.4-30.7)

25.8 ± 5.8 24.9 
(21.8-28.7)

0.004 23.4 ± 4.4 22.5 
(20.3-25.7)

22.2 ± 5.2 21.1 
(18.8-24.2)

0.011

SBP (mmHg)* 126.9 ± 24.0 120.0
(110-138.6)

120.2 ± 22.2 120.0
 (105.0-130.0)

0.029 121.9 ± 19.0 120.0
 (110.0-130.0)

114.0 ± 15.9 110.0 
(100.0-120.0)

0.001

DBP (mmHg) 75.5 ± 13.8 79.6 ± 14.0 0.033 72.0 ± 11.7 75.4 ± 11.3 0.027

TG (mmol/L) 0.7 ± 0.2 0.8 ± 0.3 <0.001 0.7 ± 0.2 0.8 ± 0.3 0.004

HDL-C (mmol/L) 1.0 ± 0.2 0.6 ± 0.3 <0.001 1.0 ± 0.2 0.7 ± 0.3 <0.001

TC/HDL-C* 4.3 ± 1.1 4.3
(3.5-5.0)

7.4 ± 3.5 6.7
(4.9-8.8)

<0.001 4.3 ± 1.2 3.9
(3.5-5.1)

6.1 ± 2.5 5.6
(4.2-7.2)

<0.001

FPG (mmol/L)* 4.6 ± 0.6 4.6 ± 0.9 4.6
(4.1-5.1)

0.824 4.6 ± 0.7 4.5
(4.3-4.8)

4.7 ± 1.3 4.6
(4.1-5.1)

0.884

hsCRP (mg/L)* 2.8 ± 2.5 2.1
(0.9-4.0)

1.8 ± 2.5 0.7
(0.3-2.5)

<0.001 1.5 ± 1.7 0.9
(0.6-1.8) 

1.2 ± 1.8 0.4
(0.2-1.2)

<0.001

HOMA-IR* 2.7 ± 1.8 2.0
(1.3-3.8)

3.8 ± 2.0 3.3
(2.5-4.6)

<0.001 2.0 ± 1.5 1.4
(1.0-2.6)

3.3 ± 1.7 2.9
(2.2-4.0)

<0.001

PAP: Port-au-Prince; WC: Waist circumference; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; hsCRP: High sensitivity C-reactive protein; HOMA-
IR: Homeostatic model assessment-Insulin resistance; FPG: Fasting plasma glucose; TG: Triglycerides; HDL-C: High density lipoprotein- cholesterol; TC/HDL-C: Total cholesterol/HDL-C 
ratio. Data expressed by mean value ± Standard deviation. *: data expressed by mean value ± Standard deviation and median (25th-75th centiles)

Table 1. Anthropometrical and biological data of subjects by sex and according to cities.
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Figure 2. Prevalence of the metabolic syndrome and its individual components in Cotonou and in Port-au-Prince. PAP; Port-au-Prince; MetS: Metabolic Syndrome; AO: Abdominal 
obesity; HDL-C: High density lipoprotein-cholesterol; FHG: Fasting hyperglycemia. p: for χ2 test significant at p<0.005. Prevalence values are in percentages.

Figure 3. Prevalence of the metabolic syndrome and its individual components in women and men.PAP; Port-au-Prince; MetS: Metabolic Syndrome; AO: Abdominal obesity; HDL-C: 
High density lipoprotein-cholesterol; FHG: Fasting hyperglycemia. p: for χ2 test significant at p<0.005. Prevalence values are in percentages.

Figure 4. Prevalence of other CMR biomarkers in Cotonou and in Port-au-Prince. PAP: Port-au-Prince; CT/HDL-C: Total cholesterol/HDL-C ratio; IR: Insulin resistance; hsCRP: high 
sensitivity C-reactive protein; p: for χ2 test, significant at p<0.005. Prevalence values are in percentages.
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(Figure 3), women had a significantly more altered metabolic profile 
than men. There were four times more women than men with general 
obesity (24.0% vs 6.4%; p<0.001); 25.3% of women had subclinical 
inflammation compared with 9.0% of men (p<0.001); and a high 
atherogenicity index was observed in 75% of women compared with 
50% of men (p<0.001). Comparing these CMR biomarkers by city 
and sex, a high atherogenicity index and insulin resistance were 
significantly more prevalent in PAP than in Cotonou in both men and 
women. Subclinical inflammation was significantly higher in Cotonou 
but only in women, while insulin resistance was more highly prevalent 
in PAP than in Cotonou but only in men (Figure 5).

Relationship between abdominal obesity and otherCMR 
biomarkers 

In multiplelogistic regression models adjusted for age and city, 
AO (according to generic WC cut-off values)was associated with 
significantly higher odds of high blood pressure, high atherogenicity 
index, and insulin resistance in both men and women.AO increased 
the odds of subclinical inflammation only in women and of low 
HDL-C only in men while no significant association was found with 
hyperglycemia. AO was much more predictive of most of the other 
CMR biomarkers in men than in women. (Table 2).

Discussion
In two apparently healthy groups of subjects with a common 

African heritage, we found a high prevalence of several components of 
the MetS and other CMR biomarkers, namely subclinical inflammation, 
insulin resistance and a high atherogenicity index. We observed that 
AO was much higher in Cotonou than in PAP, and paradoxically, that 
the atherogenic profile and insulin resistance were higher in PAP than 
in Cotonou. We also found that AO according to generic WC cut-off 
values was more closely associated with other CMR biomarkers in men 
than in women.

The observed prevalence of the MetS according to the most recent 
criteria (16% in PAP, 21.5% in Cotonou) is in line with the 23.5% 
prevalence reported in black rural South Africans using the same 
criteria [26]. Surprisingly, the reported prevalence in Haitians living 
in Montreal (17.5%) fell inbetween the observed rates in Cotonou and 

PAP [27]. We would have expected an upward gradient from Benin to 
Haiti to Canada [28]. Similar prevalence figures were also reported in 
other groups of African descent, for instance in Jamaica, where the rate 
was 10.6% in men and 27.6% in women [29], compared with 26.5%-
30% in women of our study and 6.5%-13% in men. A much higher rate 
was reported in the Jackson Heart Study among African-Americans, 
with a prevalence of 39.4% according to the definition of NCEP/ATPIII 
(National Cholesterol Evaluation Program – Adult Treatment Panel) 
[12]. However, the subjects were much older than in our study, with a 
mean age of 54y compared with 40y. Otherwise, widely divergent MetS 
prevalence rates have been reported, ranging from less than 2% in 
urban Cameroonians in 2007[30] to more than 50% in a community of 
Congo in 2013[31]. This heterogeneity of the data on MetS prevalence 
even in black populations reflects not only true disparities owing to 
different geographic, economic and lifestyle factors, but also the 
lack of a unified definition of the MetS up to recently[5, 9, 10, 32]. 
It also betrays the paucity of epidemiological data on MetS and its 
components in Africans as most studies have been conducted among 
African Americans [11,12,33]. 

Regarding individual MetS components, we observed that the 
two study groups had similar prominent features: central obesity, 
low HDL-C and high blood pressure, but not hypertriglyceridemia. 
Our results corroborate other findings on the MetS profile in African-
origin populations, compared with Caucasians and other ethnic 

Figure 5. Prevalence of other CMR biomarkers in women and men. PAP: Port-au-Prince; CT/HDL-C: Total cholesterol/HDL-C ratio; IR: Insulin resistance; hsCRP: high sensitivity 
C-reactive protein; p: for χ2 test significant at p<0.005. Prevalence values are in percentages.

Women Men
OR*(95% CI) p OR (95% CI) p

High blood pressure 5.1 (1.86-13.84) 0.002 6.1 (2.46-14.95) <0.001
Low HDL-C 1.7 (0.48-10.6) 0.421 7.2 (1.62-32.32) 0.010
High hsCRP 5.1 (1.70-15.07) 0.004 1.8 (0.69-4.71) 0.229
High TC/HDL-C 2.9 (1.33-6.27) 0.007 6.3 (2.50-16.32) <0.001
Insulin resistance 3.4 (1.50-7.70) 0.003 10.8 (3.70-31.46) <0.001

OR: Odds Ratio; PAP: Port-au-Prince; hsCRP: high sensitivity C-reactive protein; CT/
HDL-C: Total cholesterol/HDL-C ratio. 

*: Multiple logistic regressions. OR adjusted for city and age

Table 2. Association of abdominal obesity with other CMR biomarkers in women and 
in men.
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groups where hypertriglyceridemia is a major MetS component 
[9,12,26,27,34]. Normal TG concentrations in Blacks in the presence 
of insulin resistance and low HDL-CHDL-C is often called the ‘lipid 
paradox’ or more specifically the ‘TG paradox’ [35,36]. As observed 
by Sumner et al. [35], there is apparently no effect of insulin resistance 
on postheparin-lipoprotein lipase activity in insulin resistant African-
Americans, whereas in other ethnic groups, the lipoprotein lipase 
activity is usually impaired when circulating TG are elevated as a result 
of insulin resistance. Lipoprotein lipase appears to be allowed to clear 
triglycerides even in the presence of insulin resistance, which could 
explain the coexistence of insulin resistance and normal triglyceridemia 
in black Africans.

Low HDL-C was the most prevalent MetS component in the 
present study and it was widespread: 79.5% in Cotonou and 89.3% in 
PAP. In accordance with our results, Sumner et al. [37] demonstrated 
that even in normal weight subjects of West African cities, HDL-C 
levels were below the cut-off point. The study reported more than 80% 
of low HDL-C in West Africans and African-Americans. In a previous 
report on Benin subjects, HDL-C tended to be low at both ends of the 
BMI spectrum [38]. Overall, a decrease of HDL-C level has apparently 
occurred in Africa in the last four decades because of urbanization and 
lifestyle changes [12,37]. The high prevalence of low HDL-C in our 
study, if not related to deterioration of serum samples during storage, 
has to be taken seriously because of the cardioprotective properties of 
HDL-Cal though these are challenged at the present time and may be 
altered in certain conditions [39]. Hypertension is widely prevalent in 
Black population groups [12,40]. Our results confirmed this as well as 
the independent association of high blood pressure with AO[41,42].

A high prevalence of elevated TC/HDL-C ratio was also observed 
in our study. This ratio has been regarded as a better predictor of 
cardiovascular risk than elevated TG concentrations even in Caucasians 
[43,44]. Our findings suggest that this ratio may be even more useful as 
predictor of the CMR in black populations where hypertriglyceridemia 
is uncommon. 

High sensitivity CRP as marker of subclinical inflammation adds 
clinically useful prognostic information to the MetS [45]. In the 
present study, subclinical inflammation was present in roughly 20% 
of subjects without significant differences between the sites except 
for a significantly higher rate in Cotonou than PAP women. This 
significant difference in women but not in men is likely a reflection 
of the much higher rate of AO in women. Subclinical inflammation 
is described as the link between obesity, more specifically AO, insulin 
resistance and related metabolic disorders [46,47]. Race/ethnicity 
studies reported higher subclinical inflammation in women than men, 
and in African-Americans than Caucasians [48]. Among non-Hispanic 
Americans, hsCRP levels were twice as high in subjects with general or 
abdominal obesity [49]. For similar BMI and WC, African-Americans 
especially women showed higher inflammatory marker values than 
other ethnic groups in spite of lower visceral adipose tissue, but 
subclinical inflammation was found to be more closely associated with 
subcutaneous than visceral adipose tissue [33,48].

In both cities, women had much more obesity than men. Other 
studies in low-and middle-income countries of Africa have highlighted 
this disparity between men and women [19,50]. Differences in physical 
activity in urban areas and the positive image of women’s obesity as 
a sign of beauty and opulence in many African cultures, along with 
multiparity, could explain the higher prevalence of obesity, whether 
general or abdominal, among women [50,51].

Even if AO was much higher in Cotonou than PAP, insulin 
resistance, low HDL-C and high atherogenicity index were more 
prevalent in PAP, while there was no significant difference between 
cities in the occurrence of the MetS, general obesity, subclinical 
inflammation and hyperglycemia. These results are partially at 
variance with the ten-fold positive gradient reported for obesity, high 
blood pressure, insulin resistance, inflammation and diabetes from 
West Africa to the Caribbean and to the United States or the United 
Kingdom [28,52,53]. These outcome differentials were ascribed 
primarily to shifting lifestyles and diets when moving to a new 
environment. Along these lines, the CMR profile may be more altered 
in Haiti than in Benin because of the geographical proximity to the 
United States with more potential exposure to Western lifestyle and 
highly processed foods. Obviously, the nutrition transition is a more 
complex phenomenon than previously implied in the African diaspora 
studies [28,52]. Analyses of available lifestyle and socioeconomic data 
will be useful to explain the observed discrepancies between Cotonou 
and PAP subjects. Notwithstanding, we would have expected AO and 
the other CMR markers to move in the same direction which was not 
the case. Additionally, the prevalence of AO as empirically defined 
based on generic WC cut-offs was at least three times as high in women 
as in men, and therefore, we would have expected the other CMR 
biomarkers to be considerably higher in women than men. However, 
this was not observed and actually, there was a tighter association of 
AO with other CMR biomarkers in men than in women. We may 
therefore suspect, like others did [26], that the generic WC cut-offs 
for AO are not appropriate for black subjects, particularly for women. 
Studies in South Africa suggested a lower WC cut-off for AO in men 
and a higher one in women (≥86 cm in men; ≥ 92 cm in women) based 
on predictive value of at least two MetS components [26]. Further work 
on anthropometric indicators of AO is obviously required in Africans. 

To the best of our knowledge, this is the first study comparing the 
association of AO with other CMR biomarkers in two populations of 
African origin but living in different environments: Benin and Haiti. 
However, the cross-sectional study design prevents any inference as to 
a cause-effect relationship of AO with the other CMR biomarkers.

Conclusion
In two groups of apparently healthy city dwellers with a common 

African heritage but living in widely different settings (West Africa; 
Caribbean), cardiometabolic risk was highly prevalent, which calls for 
preventive action. AO, as defined with WC generic cut-off values, was 
much more prevalent in women than men, but it was more closely 
associated with other CMR biomarkersin men. Specific cut-off points 
would be required for blacks, particularly for women, which warrants 
further research. 
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