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Abstract
Obesity is an independent risk factor for chronic diseases such as diabetes, cardiovascular diseases and certain cancers. Early detection of abdominal obesity followed by appropriate interventions will prevent associated diseases. The objective was to determine optimal waist circumference (WC) cut-off points predictive of at least one other component of metabolic syndrome in Benin adults. This longitudinal and observational study included at the baseline 541 apparently
healthy subjects aged 25 - 60 years randomly selected in the largest city of Cotonou (n = 200), the
smaller-size city of Ouidah (n = 171) and rural surroundings of Ouidah (n = 170) in Benin. Components of the metabolic syndrome considered along with abdominal obesity were high blood
pressure, high fasting glycaemia, low HDL-cholesterol and high triglycerides as defined by the
Joint Interim Statement. After the baseline survey, the subjects were followed-up for four years.
Complete data at baseline and four years later were available in 416 subjects. The receiver operating characteristic (ROC) curve for waist circumference to predict at least one other component
of the metabolic syndrome was plotted and the Youden index was used to define the optimal
cut-offs of WC. At the baseline of the study, the optimal WC cut-off point to predict the presence of
at least one other component of the metabolic syndrome was 80 cm for men (sensitivity = 0.62,
specificity = 0.65); the area under the ROC curve was 0.67 (IC 95%: 0.61 - 0.74). In women, the optimal WC cut-off point was 90 cm (sensitivity = 0.54, specificity = 0.80), and the area under the ROC
curve was 0.68 (IC 95%: 0.62 - 0.75). These optimal cut-offs were similar four years later. Optimum WC cut-off points for both men and women in Benin differ from those currently recommended for sub-Saharan Africans. Therefore, waist circumference cut-off points for abdominal
obesity need to be reconsidered for these populations.
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1. Introduction
Obesity is an independent risk factor for chronic diseases such as diabetes, cardiovascular diseases (CVD) and
certain cancers [1], which are the leading causes of death worldwide [2] [3]. The increasing incidence of chronic
diseases associated with obesity affects mainly developing countries (DCs) [4]. Changes in lifestyle and diet that
characterize the nutritional transition in progress contribute to the obesity epidemic in DCs [5]. The metabolic
complications associated with obesity are more closely related to the distribution of adipose tissue than excess
body weight according to recent epidemiological and metabolic studies [6] [7]. Abdominal obesity (AO) induces
a cardiometabolic risk (CMR) compared with the general or gynoid obesity [8]. The correlation between the
abdominal fat and diabetogenic and atherogenic alterations whose aggregation determines metabolic syndrome
(MS) is increasingly established [6]. Metabolic syndrome points out numerous vascular risk factors clustering
together, due to a common mechanistic substratum, visceral obesity and insulin resistance [9]. The risk factors
include raised blood pressure, dyslipidemia (raised triglycerides and lowered high-density lipoprotein cholesterol), raised fasting glucose, and abdominal obesity. Any three abnormal findings out of five would qualify a person for the MS [6]. Several studies reported that people with MS have an increased risk to develop diseases such
as diabetes, and CVD [10] [11]
Thus, AO better predicted CVD and type-2 diabetes than general obesity as defined by a body mass index
(BMI) [8] [12]-[14]. AO is considered as an indicator of visceral adiposity and is a key factor in the initiation
and progression of insulin resistance syndrome [15]-[17]. Early detection of abdominal obesity followed by appropriate interventions will prevent associated diseases.
In the absence of specific data, waist circumference cut-offs of first risk level (94 cm in men and 80 cm for
women) identified from studies of predominantly European-derived populations [18] [19] are currently recommended for sub-Saharan Africans [20]. Based on these cut-offs, studies reported that despite a higher prevalence
of AO, African-Americans, descendants of sub-Saharan Africans, have a lower prevalence of MS than Caucasians [21]. Paradoxically, diabetes prevalence rates and CVD are higher in African-Americans than Caucasians
[21] [22]. This paradox raises the question of the validity of the current criteria used to define the MS in African-Americans. Motala et al. [23] recently determined in a rural black population of South Africa, optimal WC
cut-offs to predict two other components of MS that were different from those currently recommended for
sub-Saharan Africans. These authors observed that the optimal waist circumference cut-off point to predict the
presence of at least two other components of the metabolic syndrome was 86 cm for men and 92 cm for women.
Authors concluded that WC cut-off points differ from those currently recommended for Africans.
Recently, Charbonnel et al. [9] mentioned that the definitions of the syndrome allow identifying individuals at
risk of vascular disease and diabetes but actually do not add anything to the predictive value of the individual
components of the syndrome. For early detection of cardiometabolic risk, the objective of this study was to determine the optimal cut-offs predictive of at least one other component of SM in Benin adults. We hypothesize
that the optimal WC cut-offs predictive of at least one component of SM in Benin are different from those currently recommended for sub-Saharan Africans.

2. Subjects and Methods
2.1. Settings
The study was conducted in the southern part of Benin in the largest urban city (Cotonou), semi-urban area
(Ouidah) located 40 kilometers from Cotonou and its rural outskirts from 2006 to 2010.

2.2. Study Design
This was community-based longitudinal and observational study. After baseline survey (2006), participants were
followed two years and four years later (2010). The present report analyses baseline and four years later col-
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lected data.

2.3. Study Population
The study population was adults of both sexes aged 25 - 65 years.

2.4. Sample Size
To estimate the minimum required number of subjects to use area under the ROC curve statistic test, we considered blood pressure (BP) as the main dependent variable since high blood pressure (hypertension) is the most
frequent CMR factor in sub-Saharan African population [24]-[26] and is the main cause of stroke in this population [27]. By setting α and β errors to 5% and 20% respectively, the expected area under the ROC curve to 0.60,
the area under the ROC curve in the null hypothesis to 0.50 and the ratio negative cases/positive cases to 1/3
[28], the minimum required sample size is 352 using the software “MedCalc Version 13.1.2, Ostend, Belgium”.
The study initially (T0) included 541 adults aged 25 - 60 years randomly selected from the largest city of Cotonou (n = 200), the small city of Ouidah (n = 171) and surrounding rural areas of Ouidah (n = 170). Among the
541 selected subjects, 416 (77%) participated in the survey conducted four years later (T4).

2.5. Selection of Participants
In the urban areas in Cotonou, ten out of the 140 neighborhoods were randomly selected. In each selected
neighborhoods, 20 households were randomly identified based on the list of households. In each household, one
eligible adult was selected at random, a man and a woman alternately. A total of 200 subjects were selected.
In the semi-urban areas of the small town of Ouidah, five out of the 22 neighborhoods were selected at random. Concessions in selected neighborhoods were numbered. At random, 34 concessions in each selected
neighborhood were identified. In the household of concession, an eligible adult is drawn to participate in the
study. A total of 171 subjects were obtained.
In rural outskirts of Ouidah, five out of 38 villages were randomly selected. A census of families of each selected villages was done. At random, 34 families from the list drawn in each selected village were selected. In
families, one adult among eligible members was selected. A total of 170 subjects were recruited.

2.6. Inclusion and Exclusion Criteria in the Basic Studies
Each participant in the baseline survey should meet the following criteria:
• Aged between 25 - 65years;
• Be in good health (no cardiometabolic disorders diagnosed);
• Being born of two parents and Black Benin grandparents;
• Live in the study area permanently for at least six months.
The categories of following subjects were excluded:
• Pregnant and lactating women;
• Subjects seriously ill (or bedridden terminally ill cancer);
• Subjects physically handicapped and mentally ill;
• Persons already diagnosed for hypertension, heart disease, diabetes or other metabolic disease.

2.7. Data Collection Procedures
Anthropometric measurements were taken by trained teams. Venous blood samples were drawn after an overnight fast. Blood samples were stored on ice and centrifuged within two hours. Plasma and serum were stored at
−30˚C until analyzed in the biochemistry laboratory of the Institute of Applied Biomedical Sciences in Cotonou.
Subjects were organized into self-help groups by area of residence to facilitate follow-up and for active prevention support once the follow-up study would be over. Apart from contacts for formal follow-up data collection,
self-help groups were encouraged to meet every three months for weight and blood pressure checks, and for
standard general health advice. Anthropometric and blood pressure data that were collected during these meetings were not used in the study reported here.
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2.8. Study Variables

2.8.1. Independent Variable
The independent variable was WC that was assessed using a measuring tape (Gulick measuring tape©) flexible
but not extensible, with a spring for regulating the intensity applied during measurement with an accuracy of 0.1
cm. The measurement was made at midway between the last rib and the iliac crest [29]. Two measurements
were taken for each subject. The arithmetic mean of the values obtained during two successive measurements
was used. We used cut offs of first risk level (94 cm in men and 80 cm for women) recommended by Joint Interim Statement to define abdominal obesity in the diagnosis of MS [20] among sub-Saharan Africans in the absence of specific data. For comparison purposes, we also used optimal WC cut offs determined by Motala et al.
(WC ≥ 86 cm in men and ≥92 cm in women) in black South Africans [23].
2.8.2. Dependent Variables
Dependent variables include other component of MS (excluding abdominal obesity). Participants with one, two,
three or four MS components (excluding abdominal obesity) referred to participants with at least one other
component of MS.
Blood pressure
Systolic and diastolic BP were measured using a mercury manometer pulse to the left arm of each subject in a
seated position [30]. Two measurements were taken at 10 minutes intervals in the subject at rest for at least five
minutes. For the same individual, measures were taken by the same person. The arithmetic mean of the values
obtained during two successive measurements was used. The cut offs proposed in harmonized definition of SM
[17] were used to define the high BP (systolic BP ≥ 130 mm Hg or diastolic BP ≥ 85 mm Hg).
Biochemical parameters
Blood glucose was measured in plasma using glucose oxidase method in subjects fasted for at least 12 hours.
Diabetes was defined using the WHO cut offs. Fasting glucose > 7 mmol/L indicates diabetes [31]. Criteria for
the harmonized definition of SM [20] were used to define hyperglycemia (blood glucose > 5.6 mmol/L) [31].
Blood lipids were measured in serum of subjects fasted for at least 12 hours by colorimetric enzymatic method using kits Elitech group (Sees, France). Proposed cut offs in harmonized definition of SM [20] were used to
define the abnormally high levels of triglycerides (>1.70 mmol/L) and low HDL-C (≤1.29 mmol/L in women;
≤1.03 mmol/L in men).
Metabolic syndrome
We used harmonized definition of MS, which requires the presence of at least any three of the following five
abnormalities: high BP (systolic BP ≥ 130 and/or diastolic BP ≥ 85 mmHg or antihypertensive treatment), low
HDL-cholesterol (<1.0 mmol/L in men; <1.3 mmol/L for women), high triglycerides (≥1.7 mmol/L), fasting
hyperglycemia (≥5.6 mmol/L or antidiabetic treatment), abdominal obesity (WC ≥ 80 cm in women and ≥94 cm
in men) [20].

2.9. Data Analysis
Data were analyzed with SPSS software, Version 20.0 (SPSS Inc., Chicago, IL). The ROC (Receiver Operator
Characteristic) curve for WC to predict the presence of at least one other component of MS (anyone of the five
components of MS excluding abdominal obesity), was plotted at T0 and T4. Optimal cut offs for WC was determined by plotting the true-positive rate (sensitivity) against the false-positive rate (1-specificity). Using Youden
index calculated by the formula: sensitivity + specificity − 1, optimal cut offs values were determined at baseline
(T0) and after four years (T4) [32].

2.10. Ethical Considerations
The study was approved by the ethics committees of the Faculty of Medicine of the University of Montreal and
the Ministry of Health of Benin. Written informed consent was obtained from each participant. All participants
were informed individually of their BP and results of laboratory tests. Those who showed abnormal values were
referred to a doctor for diagnosis and treatment. Initial consultations and prescriptions were paid by the research
project.

220

V. D. Agueh et al.

3. Results
3.1. Sample Changes during Follow-Up

Among the 541 study participants at T0, 416 (77%) were present at the four years later follow up (T4). Table 1
compares baseline characteristics of the 416 subjects at T4 with drop out subjects (n = 125). The proportion of
subjects missed at four years later survey in the big city was significantly higher than in other study sites. The
average waist circumference was significantly lower among drop out men compared to those found at T4.

3.2. Changes in Cardiometabolic Risk Factors during Follow-Up
The evolution of CMR factors in 416 patients was described elsewhere [33]. In short, Table 2 provides informations on CMR factors and MS at T0 and at T4. Final prevalence and means of CMR factors were generally higher
compared to baseline values except for blood pressure which was significantly lower at follow-up. For WC, we
observed a downward trend among women, whereas the trend was positive in the nonobese women and an upward trend in men. MS was more prevalent in women. Prevalence rates of MS over four years varied from 11.1%
to 18.6% in women and from 6.2% to 9.2% in men.

3.3. Optimal Waist Circumference Cut-Offs Predictive of at Least One Other Component of
Metabolic Syndrome
3.3.1. At the Onset of the Study
Figure 1 and Figure 2 show the ROC curves for WC in predicting at least one component of MS at T0 in 416
subjects (women and men separately).
In women (Figure 1), the area under the ROC curve was 0.68 (95% CI: 0.62 to 0.75). The optimal WC cut off
point predictive of at least one component of MS was 90 cm with a sensitivity of 0.54 and specificity of 0.80.
Table 1. Baseline characteristics of subjects present at last follow up and drop out.
Subjects present at T4 (n = 416)

Drop out subjects at T4 (n = 125)

p*

Women

38.8 ± 9.9

38.6 ± 10.4

0.906

Men

37.2 ± 10.1

37.1 ± 10.0

0.936

Women

50.0

49.6

Men

50.0

50.4

Rural

31.0

32.8

Semi-urban

37.3

12.8

Baseline characteristics
Age (years)

Sex (%)

0.937

Location (%)

0.001

Urban

31.7

54.8

Body mass index

24.3 ± 5.5

23.7 ± 5.3

0.328

87.6 ± 13.0

88.0 ± 14.7

0.883

Waist circumference (cm)
Women
Men

82.9 ± 10.9

79.9 ± 8.0

0.022

Systolic blood pressure

125.0 ± 18.4

124.2 ± 20.7

0.701

Diastolic blood pressure

77.5 ± 13.4

76.0 ± 13.2

0.217

Fasting glycaemia

4.8 ± 0.7

4.8 ± 1.0

0.881

Women

1.5 ± 0.4

1.4 ± 0.4

0.169

Men

1.4 ± 0.4

1.3 ± 0.5

0.494

Triglycerides

0.7 ± 0.4

0.8 ± 0.4

0.670

HDL-cholesterol

p: for t-test or χ2 test.

*
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Table 2. Evolution of prevalence and means of cardiometabolic risk factors during the four-year follow-up period (n = 416).
Risk factors

Women (n = 208)

Men (n = 208)
Baseline

4 years

pa

<0.001

123.6 ± 15.5

114 ± 17.7

<0.001

70.7 ± 12,2

<0.001

77.0 ± 11.0

70.8 ± 11.7

<0.001

19.5

14.9

0.151

18.3

11.1

0.037

4.8 ± 0.7

5.0 ± 1.1

0.039

4.8 ± 0.6

5.0 ± 0.8

0.002

High FG

10.1

17.3

0.032

9.1

22.6

<0.001

HDL-C (mmol/L)

1.5 ± 0.4

1.3 ± 0.4

<0.001

1.4 ± 0.4

1.3 ± 0.5

0.023

Low HDL-C

31.2

47.1

<0.001

21.2

28.4

0.088

TC/HDL-C

3.1 ± 1.0

3.7 ± 1.5

<0.001

3.4 ± 1.2

3.7 ± 1.6

<0.001

High TC/HDL

18.8

28.8

0.015

8.7

16.3

0.017

TG (mmol/L)

0.7 ± 0.3

0.9 ± 0.5

<0.001

0.8 ± 0.5

1.0 ± 0.7

<0.001

High TG

1.0

8.7

<0.001

3.4

12.0

<0.001

WC (cm)

87.9 ± 13.4

85.6 ± 12.9

<0.001

82.9 ± 11.0

83.7 ± 11.2

0.038

Abdominal obesity

69.2

65.9

0.463

15.9

18.8

0.436

MS (%)

11.1

18.8

0.027

6.2

9.1

0.269

Baseline

4 years

p

121.7 ± 15.5

114.5 ± 19.3

75.9 ± 9.4

High BP

FGd (mmol/L)

Systolic BPb (mmHg)
b

Diastolic BP (mmHg)
c

e

a

Values are expressed as means ± SD or percentage. BP: blood pressure, FG: fasting glycemia, HDL-C: high density lipoprotein cholesterol, TC: total
cholesterol, WC: waist circumference, TG: Triglycerides, MS: metabolic syndrome. ap: for t-test or χ2 test, b33 subjects (23 women and 10 men) under
medical treatment for high blood pressure are excluded, cincludes 33 subjects (23 women and 10 men) under medical treatment for high blood pressure, d4 subjects (1 woman and 3 men) under medical treatment for diabetes are excluded, eincludes 4 subjects under treatment for diabetes.

Figure 1. ROC curves for waist circumference for predicting at least one component
of metabolic syndrome at T0 in 208 women, southern Benin.
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Figure 2. ROC curves for waist circumference for predicting at least one component
of metabolic syndrome at T0 in 208 men, southern Benin.

In men (Figure 2), the area under the ROC curve was 0.67 (95% CI: 0.61 to 0.74). The optimal WC cut off
point predictive of at least one other component of MS was 80 cm with a sensitivity of 0.62 and specificity of
0.65.
3.3.2. At Four Years Follow-Up
Figure 3 and Figure 4 show the ROC curves of WC for predicting at least one component of MS T4 in 416 subjects (women and men separately). The determined optimal WC cut offs were similar to those found at T0 in
both men and women. This reflects a relative stability in cut offs values over time (four years in the present
study).
In women (Figure 3), the area under the ROC curve was 0.60 (95% CI: 0.52 to 0.68). The optimal WC cut off
point predictive of at least one component of MS was 90 cm with a sensitivity of 0.50 and specificity of 0.71.
In men (Figure 4), the area under the ROC curve was 0.68 (95% CI: 0.60 to 0.75). The optimal WC cut off
point predictive of at least one other component of MS was 81 cm with a sensitivity of 0.62 and specificity of
0.67.

4. Discussion
This study is, to our knowledge, one of the first community based studies in West Africa to explore the optimal
WC cut offs to predict other abnormalities of MS. Optimum WC cut-off points determined in the study for both
men and women in Benin differ from those currently recommended for sub-Saharan Africans.
We noted that the WC optimal cut-off points in Benin adults men and women were different from those currently recommended for sub-Saharan Africa. Fezeu et al. [34], in a comparative study between Cameroonian
and French, had reported that cut offs derived Caucasians were not appropriate for sub-Saharan Africans. Several cross-sectional studies conducted in South Africa [23] [35] [36] have suggested different WC cut offs of those
currently use in Africans. For example, Motala et al. [23] in a community-based cross-sectional study of 947
adults (758 women) Black South Africa, proposed WC cut off points of 86 cm for men and 92 cm for women to
predict at least any two components of MS. Prinslo et al. [36], in the study of 80 men and 93 women in South
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Figure 3. ROC curves for waist circumference for predicting at least one component
of metabolic syndrome at T4 in 208 women, southern Benin 2014.

Figure 4. ROC curves for waist circumference for predicting at least one component
of metabolic syndrome at T4 in 208 men, southern Benin.
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African adults, proposed WC cut offs of 90 cm in men and 98 cm for women, for the prediction of high BP.
Cut-offs reported by these South African studies were consistent with our findings as regards the fact that women WC cut-offs were higher than in men. However the WC cut offs were not exactly the same because, certainly,
differences in the prediction targets. Indeed, Motala et al. [23] identified optimal WC cut offs to predict two
other components of MS and Prinslo et al. [36] to predict hypertension only. In our study, for early detection of
cardiometabolic risk we determined WC cut offs to predict at least one other component of the MS as study
mentioned that cluster of risk factors do not add anything to the predictive value of the individual components of
the syndrome
The low WC cut offs in men compared to women observed in our study is consistent with studies of Lemieux
et al. [37] who reported that men are on average twice as much visceral abdominal fat than premenopausal
women. In convergence, Fontbone et al. observed in Senegal, a more favorable RCM profile in women compared to men, which showed a high prevalence of low HDL cholesterol levels [38], while high levels of HDLcholesterol are considered as a specific protection factor sex for women [39]. However, during menopause, lipid
profile of women becomes more atherogenic and is associated with weight gain [40]. In our study, 34.6% were
aged 45 - 65 years and menopause occurs in sub-Saharan African women around the age of 48.1 ± 3.6 [41].
A possible explanation for the reduction of mean WC an blood pressure we observed during the study is that
individuals became more aware of their blood pressure as it was checked in the self-help groups, making them
more receptive to the general health advice given to them and adoptive of preventive diet and lifestyle, which
cannot be verified.
Other studies have shown that African descent have proportionately less total fat [42], abdominal [43] and
visceral [44] than Caucasians. Despres et al. [43] compared the associations between body fatness, visceral adipose tissue accumulation, and metabolic risk variables in a sample of 247 white men and 240 white women versus a sample of 93 black men and 143 black women. Although no difference in mean total body fatness was
found between the 2 race groups, white men had higher levels of visceral AT than did black men (p < 0.001).
These authors observed that despite the fact that black women had a greater body fat content than did white
women, black women had levels of visceral adipose tissue that were similar to those of white women, suggesting a lower susceptibility to visceral obesity in black women. In contrast, African American women have more
subcutaneous abdominal adipose tissue than Caucasian women with identical fat [45]. However, sub-Saharan
Africans, like their American Afro descendants have higher RCM, as noted Diaz et al. [46] who reported that
the prevalence of diabetes in Caucasian Americans of normal weight (BMI < 25 kg/m2) was lower than in African Americans. These authors suggested that studies be conducted to determine the specific ethno-optimal
cut-offs for the different anthropometric measurements in order to improve the prediction of diabetes risk. Evans
et al. [47], in their survey of 241 blacks and 188 Caucasians, had observed that optimal WC cut offs varied in
both races. The WC cut offs values determined in the present study are the reflection of the specificity of subSaharan Africans regarding the CMR.
Some limitation can be addressed in this study. The study was performed only in the southern part of Benin.
The sample attrition occurred during follow-up did not have substantial impact on the statistical power. The relatively short duration of follow up did not allow collecting data on the incidence of diabetes and cardiovascular
disease (or cancer) to assess the risk of diseases associated with WC cut off points determined.

5. Conclusion
The study determined four-year stable optimal WC cut-offs predictive of at least one other component of MS
among Beninese adults. The optimal WC cut-off points to predict the presence of at least one other component
of the metabolic syndrome was 80 cm for men and 90 cm in women. Determined WC cut-offs are different from
those currently in use for sub-Saharan Africans. Studies in larger cohorts of sub-Saharan Africans living in different settings are required to confirm the present findings.
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