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Abstract  Introduction: Abdominal obesity is a major risk factor for cardiometabolic diseases. The waist 
circumference thresholds currently used in Togo remain based on European population data. The objective of this 
study was to determine the optimal waist circumference thresholds for diagnosing abdominal obesity associated with 
the presence of cardiometabolic risk factors in Togo. Methodology: This cross-sectional study, conducted from 2023 
to 2025, involved 834 adults aged 15 to 59 years, drawn from the Black African population residing in Togo. A 
subgroup of 310 subjects, free of any metabolic pathology, was selected to establish reference intervals. 
Anthropometric measurements were performed according to a standardized protocol, and biochemical assays in 
accordance with the requirements of ISO 15189 (2022 version). Receiver Operating Characteristic (ROC) curve 
analysis was used to determine the optimal threshold values associated with abdominal obesity. Results: The 
analysis revealed distinct waist circumference thresholds according to sex and the cardiometabolic parameters 
studied. For triglyceridemia ≥ 1.50 g/L, thresholds reached 93 cm in women versus 73 cm in men, and 87 cm and 71 
cm respectively for fasting glucose ≥ 1.00 g/L. The mean optimal thresholds were 93 cm in women and 88 cm in 
men. These values took into account the waist circumference reference intervals in subjects free of any metabolic 
pathology. Conclusion: This study established that waist circumference thresholds specific to the diagnosis of 
abdominal obesity in the Black African population differ from those recommended by the International Diabetes 
Federation for sub-Saharan Africa. These optimal values would thus allow for a prevention of metabolic syndrome 
better adapted to the characteristics of the local population. 
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1. Introduction 

Abdominal obesity, a specific form of obesity 
characterized by the preferential accumulation of adipose 
tissue in the abdominal region, is a major risk factor for 
cardiometabolic diseases such as type 2 diabetes, 
cardiovascular disease and metabolic syndrome, 
independently of body mass index (BMI) [1]. Its prevalence 
varies considerably according to sex, age and the waist 
circumference (WC) criteria used for its diagnosis [1]. WC 

remains the reference anthropometric indicator for the 
diagnosis of abdominal obesity because of its simplicity, its 
reproducibility and its strong correlation with visceral 
adipose tissue [2]. The diagnostic thresholds currently 
available were nevertheless established in Caucasian 
populations (≥ 94 cm in men, ≥ 80 cm in women) and 
Asian populations (≥ 90 cm in men, ≥ 80 cm in women), 
whereas the United States National Cholesterol Education 
Program (NCEP-ATP III) uses a threshold of ≥ 102 cm in 
men and ≥ 88 cm in women. In the absence of data 
specific to Black African populations, the International 
Diabetes Federation (IDF) and the World Health 
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Organization (WHO) recommend applying the Caucasian 
criteria (≥ 94 cm in men, ≥ 80 cm in women) [3]. 

In Togo, the prevalence of abdominal obesity in urban 
areas reached 29.4% in men versus 85.2% in women in 
2018 [4, 5], a trend confirmed by the 2021 STEPS survey, 
which reports that mean WC rose from 77.7 to 80.7 cm in 
men and from 78.5 to 86.3 cm in women between 2010 
and 2021 [6]. 

The absence of thresholds derived from African 
population data poses a genuine diagnostic problem, given 
the documented differences in body composition, adipose 
tissue distribution and metabolic profiles between Black 
African and Caucasian populations [7]. A pooled analysis 
of 24,181 subjects from eight sub-Saharan African 
countries has moreover shown that the IDF thresholds 
underestimate the true extent of abdominal obesity in the 
general population [8]. Several countries have therefore 
defined their own national thresholds: South Africa (86–
95 cm in men, depending on the rural or urban setting) [9, 
10], Botswana (91.0 cm in men, 82.3 cm in women) [11] 
and Benin (88 cm in men, 95 cm in women) [12]. This 
heterogeneity of optimal thresholds across national 
contexts precludes any direct transposition of a single 
African threshold and justifies an approach specific to 
each population. 

Despite rapid urbanization, Togo has to date no locally 
validated WC threshold for the diagnosis of abdominal 
obesity. The present study aims to fill this gap by 
determining, using an approach based on receiver 
operating characteristic (ROC) curves, the optimal 
diagnostic WC thresholds associated with the presence of 
cardiometabolic risk factors in Togolese adults living in 
urban areas. 

The objective of this study was to determine, using an 
approach based on ROC curves, the optimal diagnostic 
waist circumference thresholds associated with abdominal 
obesity in Togolese adults. 

2. Materials and Methods 

2.1. Study Setting 
The study was conducted in three geographic areas of 

Togo, selected for their high urbanization and/or 
population density, so as to guarantee the representation of 
the country’s main ethnic groups. Located in West Africa 
and covering 56,600 km², Togo has approximately 
8,280,000 inhabitants (average density: 145 
inhabitants/km²). The areas were selected on the basis of 
urbanization rate and population density. The Greater 
Lomé Autonomous District (DAGL, 100% urbanization), 
the rest of the Maritime region, and the Kara region, the 
country’s second urban hub (28.9% urbanization), were 
thus retained. In the DAGL, four of the most populated 
and accessible communes were selected: Aflao-Gakli, 
Agoè-Nyivé, Adidogomé and Bè. In the rest of the 
Maritime region, the prefectures of Lacs, Vo and Zio were 
retained on the same criteria, with Aného, Vogan and 
Tsévié as their respective administrative centers. In the 
Kara region, the prefecture of Kozah, the densest and most 
accessible of the seven prefectures, was chosen, together 
with its administrative center, the commune of Kozah 1. 

Recruitment sites were selected according to the presence 
of a market, a church or a health center, places likely to 
gather all the targeted age groups. In the DAGL, these 
were the Centre des Œuvres Universitaires de Lomé 
(COUL) in Aflao-Gakli, the market and the medical-social 
center (CMS) of Démakpoe in Agoè-Nyivé, the MECO 
church in Adidogomé, and the main market of Bè. In the 
rest of the Maritime region, they were the hospital centers 
of Vogan (CHP) and Tsévié (CHR) and the main market 
of Aného. In the commune of Kozah 1, they were the 
CHU-Kara, the University of Kara and the main market of 
Kara. Biochemical analyses were centralized at the 
laboratory of the Wossinu and Gbogbo polyclinic in Lomé. 
Samples collected in Vogan, Tsévié and Aného were 
centrifuged and decanted on site, stored at 2–8°C, and 
transported to Lomé the same day. Those collected in 
Kara followed the same protocol, before being transported 
together to Lomé after four days of collection. 

 
Figure 1. Map of Togo showing the study regions (A: general location; 
B: study areas – Kara and Maritime regions and Greater Lomé 
Autonomous District, DAGL). Source: prepared by the authors, study 
areas, 2025 

2.2. Study Design and Duration 
This was a cross-sectional study with a prospective aim, 

conducted over a period of 17 months, from October 2023 
to February 2025. 

2.3. Study Population 
The study population consisted of adults of both sexes, 

aged 15 to 59 years, residing in the Greater Lomé 
Autonomous District and the Maritime region, irrespective 
of religion, ethnicity or socioeconomic status, according to 
the inclusion and exclusion criteria. 

2.3.1. Inclusion and Non-inclusion Criteria 
Any adult with the capacity to answer the questions of 

the study was included. All participants freely gave 
informed consent to their inclusion in the study, including 
to the blood sampling required for the biochemical tests. 
Pregnant women, persons aged 60 years and over [13], 
and subjects whose mental state did not allow them to 
answer the various questions coherently, or whose 
physical state did not allow anthropometric measurements, 
were excluded. 
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2.3.2. Sample Size 
The study population aimed to establish WC threshold 

and reference values for the diagnosis of abdominal 
obesity from subjects representative of the selected urban 
regions. The sample size was calculated to ensure 
demographic representativeness by age and sex, using data 
from the 5th General Population and Housing Census 
(RGPH-5, 2022; Togolese population: 8,095,498 
inhabitants). According to the RGPH-5, the DAGL 
accounted for 27.03% of the national population and the 
rest of the Maritime region for 16.63%, versus 12.17% for 
the Kara region and 9.82% for the Central region [14]. 
The calculation relied on the principle of the minimum 
size required to establish biological reference intervals  
(95% confidence interval, 2.5th and 97.5th percentiles), 
namely 120 subjects for the Central region, the least 
populated [15]. By proportional extrapolation, the 
expected sizes for Kara, the Maritime region and the 
DAGL were 149, 203 and 330 subjects, respectively, for a 
total of 682 subjects, distributed according to the weight 
of the age groups (15–39 years: 39.17%; 40–49 years: 
8.4%; 50–59 years: 4.75%). Within this population, only 
obese subjects were retained for the characterization of 
abdominal obesity, with measurement of anthropometric, 
cardiometabolic and biochemical parameters. 

2.4. Measurement of Anthropometric, 
Cardiovascular and Biochemical 
Parameters 

The survey was conducted by a multidisciplinary team 
(nurses, a senior laboratory technician, a biochemist-
nutritionist and a physio-pharmacology biologist) trained 
in good laboratory practice according to ISO 15189 (2022). 
The questionnaire, administered in face-to-face interviews, 
was pre-tested, and prior training in anthropometric 
measurement was provided to guarantee reproducibility. 
The data collected included sociodemographic 
characteristics (age, sex, level of education, region of 
origin, ethnicity) as well as weight, height, WC, hip 
circumference and abdominal skinfold (ASF) [16]. 

Weight was measured with a bathroom scale (precision: 
0.5 kg) and height with a SECA® stadiometer (precision: 
1 cm). WC was measured with a WIN TAPE measuring 
tape (precision: 1 cm), midway between the costal margin 
and the anterior superior iliac spine; hip circumference 
was taken at the widest point. Abdominal obesity was 
diagnosed according to two references: the IDF criteria (> 
80 cm in women, > 94 cm in men), recommended for 
West Africa, and those of the NCEP-ATP III (> 88 cm in 
women, > 102 cm in men), used in African Americans. Its 
prevalence was estimated both in the overall study 
population and within the subgroup of obese subjects. 

The ASF was measured with a Harpenden caliper 
(precision: 0.2 mm) at the umbilical point (5 cm to the right 
of the navel), with the subject standing, the fold taken 
vertically and the caliper positioned at 90°. Each 
measurement, read 2 seconds after application of the caliper, 
was repeated three times and the mean was retained. 

BMI, calculated with the Quetelet formula 
(weight/height²), was used to classify subjects as 

overweight (≥ 25 kg/m²) or obese (≥ 30 kg/m²) according 
to the WHO criteria [17]. 

Blood pressure (systolic/diastolic, mmHg) was 
measured with a Spengler® sphygmomanometer after 15 
minutes of rest, in triplicate, the value retained being the 
mean of the three measurements. 

For the biochemical measurements, 5 mL samples of 
venous blood were collected in a tube without additive 
from subjects who had fasted for 12 hours. Standard 
procedures for blood collection and assays complying 
with the requirements of ISO 15189 were used. The 
biochemical analyses were performed on a Mindray BS-
430 automated spectrophotometric analyzer (Mindray, 
India), which was used for the following tests: 
•  Blood glucose, by glucose oxidase in the Trinder 

mode (H2O2–peroxidase); 
•  Total cholesterol, by cholesterol esterase hydrolysis 

(H2O2 formed in the subsequent enzymatic 
oxidation of cholesterol by cholesterol oxidase); 

•  Triglycerides (TG), by lipoprotein lipase; 
•  High-density lipoprotein cholesterol (HDL-C), by 

the direct method: polyethylene glycol (PEG)-
modified enzyme/sulfate α-cyclodextrin method. 

All biochemical analyses were performed using 
Mindray reagent kits. Multiparametric control sera at 
“normal and pathological” levels (Multi Control Sera N 
“Mindray”, Ref. MQ-ClinChem M-162) were used to 
ensure the reproducibility of the measurements and to 
identify any bias [18]. 

2.5. Criteria for Identifying the 
Cardiometabolic Factors  
Characteristic of Abdominal Obesity 

The metabolic profiles of all study subjects, including 
those free of any metabolic disease, were established from 
the following pathological criteria: blood glucose ≥ 1.00 
g/L (5.5 mmol/L), triglyceridemia ≥ 1.50 g/L (1.7 
mmol/L), HDL-cholesterol < 0.40 g/L in men and < 0.50 
g/L in women, and blood pressure ≥ 130/85 mmHg 
[19,20]. 

2.6. Ethical Considerations 
This study was authorized by the Bioethics Committee 

for Health Research of the Ministry of Health and Public 
Hygiene under number 021/2022/CBRS of 23 June 2022. 
Informed consent was obtained from each participant 
before inclusion, and the anonymity of the subjects was 
strictly preserved throughout the study. The data collected 
were used exclusively for scientific purposes. 

2.7. Data Analysis 
Data were entered in Microsoft Excel 2020 and then 

analyzed with R software, version 3.5 (R Foundation for 
Statistical Computing, Vienna, 2018). Normally 
distributed variables were expressed as mean ± standard 
deviation (SD), and the means of the anthropometric 
parameters were compared by analysis of variance 
(ANOVA). 
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The WC thresholds associated with the presence of 
cardiometabolic risk factors were determined by the 
Youden index method, retaining the value that maximizes 
the sum of sensitivity and specificity (≥ 50), from the area 
under the ROC curve (AUC), a statistical measure of the 
discriminating performance of a classification model in a 
diagnostic context. To establish reference values in 
subjects free of any metabolic disease, the normality of the 
distribution was checked with the Shapiro–Wilk test and 
outliers were detected with the Grubbs test. Reference 
intervals were calculated from the 2.5th and 97.5th 
percentiles in case of non-normality, or from the mean ± 
1.96 SD when the hypothesis of normality was retained. 
The level of statistical significance was set at 5%. 

3. Results 

3.1. Demographic Aspects and General 
Characteristics 

In total, 987 participants were initially recruited for 
this study. Exclusion criteria were applied sequentially to 
obtain a homogeneous sample suited to the research 
objectives. Figure 2 shows the selection process that led 
to a final sample of 834 eligible subjects, i.e., 84.5% of 
the initially expected study population. It also specifies 
the prevalence of abdominal obesity, calculated on the 
one hand within the overall study population (n = 834) 
and on the other hand within the subgroup of obese 
subjects (n = 180). 

This sample of 834 adults comprised 376 men and 458 
women, with a male/female sex ratio of 0.82. For both 
sexes, the minimum age observed was 16 years. The 
geographic distribution of the sample comprised 223 
participants from the Kara region and 409 participants 
from the Greater Lomé Autonomous District. 

 
Figure 2. Flow diagram of eligible participants 

Recruitment respected the representativeness of the 
three age groups of the Togolese population: [15–40[, 
[40–50[ and [50–60[ years, representing 67.03%, 17.39% 
and 15.59% of the sample, respectively. Men were 
significantly younger than women (27.8 ± 12.9 years vs 
34.7 ± 14.1 years; p < 0.0001). Figure 3 shows the 
distribution of subjects by sex within each age group. 

 
Figure 3. Distribution of the study population by age group and sex 

The [15–40[age group was the most represented 
(67.03%). A male predominance was noted in this age 
group. 

3.2. Anthropometric and Biochemical 
Characteristics of the Study Population 

The analysis of the anthropometric and biochemical 
parameters, as well as of the blood pressure values, of the 
participants made it possible to characterize their metabolic 
profile. All these results are presented in Table 1. 

Apart from blood glucose, HDL-cholesterol and 
triglycerides, the central values were significantly higher 
in women for BMI, abdominal skinfold, waist 
circumference (82 ± 14 cm vs 76 ± 11 cm) and total 
cholesterol (p < 0.0001). 

3.3. Anthropometric and Biochemical 
Characteristics of the Population  
Free of any Metabolic Disease 

Among the 834 study subjects, 310 (166 men and 144 
women) were free of any metabolic disease while being 
overweight or obese. This population was used to 
establish the WC reference values. It represents 37.2% of 
the total sample, comprising 44.1% of men and 31.4% of 
women (p < 0.0001). The whole of their metabolic profile 
parameters is detailed in Table 2. 

In metabolically healthy subjects, women had 
significantly higher anthropometric values than men (BMI: 
25.7 ± 5.6 vs 22.2 ± 3.3 kg/m²; WC: 80 ± 13 vs 75 ± 11 
cm; ASF: 21.4 ± 7.6 vs 16.1 ± 6.4 mm) as well as a higher 
total cholesterol (1.81 vs 1.73 g/L; p = 0.0002), with no 
significant difference for blood glucose, HDL-cholesterol 
and triglycerides. 
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Table 1. Anthropometric and biochemical characteristics of the study population in Togo 

 
MEN (n = 376) WOMEN (n = 458) 

*P value 
Min Max P2.5 P97.5 Mean ± SD Min Max P2.5 P97.5 Mean ± SD 

BMI (kg/m²) 15.4 39.1 17.6 33.4 22.7 ± 3.8 10.7 48.2 18.5 44.1 26.4 ± 6.4 <0.0001 

WC (cm) 56 113 62 107 76 ± 11 53 121 61 115 82 ± 14 <0.0001 

ASF* (mm) 5.8 36.8 7.2 33.7 16.2 ± 6.9 8.80 48.0 9.3 40.5 22.1 ± 7.9 <0.0001 

Blood glucose (g/L) 0.58 4.04 0.68 1.42 0.86 ± 0.34 0.52 4.68 0.66 1.68 0.88 ± 0.29 >0.9999 

Total cholesterol (g/L) 0.61 3.49 0.79 2.5 1.57 ± 0.44 0.50 3.22 0.87 2.77 1.74 ± 0.46 >0.9999 

HDL-C (g/L) 0.11 0.99 0.21 0.78 0.45 ± 0.15 0.17 0.97 0.26 0.82 0.51 ± 0.15 >0.9999 

Triglycerides (g/L) 0.25 3.83 0.33 2.01 0.83 ± 0.49 0.22 6.01 0.37 2.23 0.93 ± 0.56 >0.9999 

WC: waist circumference; SD: standard deviation; *ASF: abdominal skinfold; P2.5 and P97.5: 2.5th and 97.5th percentiles; HDL-C: HDL-cholesterol. 

Table 2. Anthropometric and biochemical characteristics of the population free of any metabolic disease 

Variable 
MEN (n = 166) WOMEN (n = 144) 

*P value 
Min Max P2.5 P97.5 Mean ± SD Min Max P2.5 P97.5 Mean ± SD 

BMI (kg/m²) 15.4 35.5 17.6 29.3 22.2 ± 3.3 17.2 44.1 18.4 36.5 25.7 ± 5.6 <0.0001 

WC (cm) 56 118 60 106 75 ± 11 60 113 62 106 80 ± 13 <0.0001 

ASF* (mm) 6.8 37.8 7.5 31.4 16.1 ± 6.4 8.8 46.2 10.3 37.5 21.4 ± 7.6 <0.0001 

Blood glucose (g/L) 0.58 1.0 0.67 0.98 0.88 ± 0.1 0.60 1.0 0.65 0.98 0.80 ± 0.1 >0.9999 

Total cholesterol (g/L) 0.95 3.49 1.73 2.50 1.73 ± 0.37 0.89 3.15 1.19 2.50 1.81 ± 0.42 0.0002 

HDL-C (g/L) 0.41 1.4 0.41 0.81 0.57 ± 0.12 0.51 0.97 0.51 0.88 0.62 ± 0.1 >0.999 

Triglycerides (g/L) 0.32 1.46 0.38 1.26 0.75 ± 0.26 0.22 1.46 0.36 1.45 0.74 ± 0.3 >0.999 

WC: waist circumference; SD: standard deviation; *ASF: abdominal skinfold; P2.5 and P97.5: 2.5th and 97.5th percentiles; M: mean. Conversion 
factors: glucose, mg/dL × 0.0555 = mmol/L; HDL-C, mg/dL × 0.0259 = mmol/L; total cholesterol, mg/dL × 0.0259 = mmol/L; triglycerides, mg/dL × 
0.0113 = mmol/L. 

3.4. Determination of the Optimal Waist 
Circumference Thresholds According  
to the Cardiometabolic  
Characteristics of Abdominal Obesity 

The WC thresholds predictive of prediabetes, diabetes, 
dyslipidemia and hypertension, which characterize the 
accumulation of fat at the abdominal level, were 
determined in Table 3 and Table 4 for women and men, 
respectively. These thresholds correspond to the crossing 
points between the sensitivity and specificity curves, 
which make it possible to classify a characteristic as 
positive. The complete sensitivity and specificity values 
for each WC level are given in Supplementary Tables S1 
and S2. 

Table 3 presents the ROC curve analysis evaluating the 
diagnostic performance of waist circumference (WC) as a 
predictor of various cardiometabolic abnormalities in 458 
women. The optimal threshold retained was the one 
immediately below the upper limit (95 cm at the 97.5th 
percentile) of the WC reference interval of subjects free of 
any metabolic disease and who were not overweight, 
among threshold values that ranged from 80 to 93. This 
was the threshold of 93 cm. The mean and median 
threshold values were 72 and 71, respectively. 

 

 

 

Table 3. Optimal WC thresholds associated with the presence of 
prediabetes, diabetes, dyslipidemia and hypertension in women 

Criterion 
Cut-off 
value 
(cm) 

AUC (95% CI) 
Subjects 

with 
criterion 

P 
value 

Blood glucose ≥ 1.00 
g/L 87 70.56 (64.48–

76.64) 76/458 0.00 

BP ≥ 130/85 mm Hg 85 72.95 (68.34–
77.56) 212/458 0.00 

Total cholesterol ≥ 2.0 
g/L 91 67.84 (62.3–73.38) 114/458 0.00 

Triglycerides ≥ 1.50 
g/L 93 75.3 (65.04–78.16) 57/458 0.00 

TG/HDL-C ≥ 3.00 80 64.75 (57.64–
71.85) 69/458 0.00 

BP: blood pressure; TG/HDL-C: triglycerides/HDL-cholesterol ratio; 
AUC: area under the ROC curve, with its 95% confidence interval (CI). 
An AUC whose lower confidence limit is strictly greater than 50% 
indicates significant discriminating ability. Number of subjects with the 
criterion, out of the total number of women (n = 458). 

 
Table 4 presents the ROC curve analysis evaluating the 

diagnostic performance of WC as a predictor of various 
cardiometabolic abnormalities in men. The optimal 
threshold retained was the one immediately below the 
upper limit (93 cm at the 97.5th percentile) of the WC 
reference interval of male subjects free of any metabolic 
disease and who were neither overweight nor obese. This  
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was the threshold of 88 cm. The mean and median 
threshold values were 72 and 70, respectively. 

Table 4. Optimal WC thresholds associated with the presence of 
prediabetes, diabetes, dyslipidemia and hypertension in men 

Criterion 
Cut-off 
value 
(cm) 

AUC (95% CI) 
Subjects 

with 
criterion 

P 
value 

Blood glucose ≥ 1.00 
g/L 74 78.94 (67.65–

90.23) 15/376 0.00 

BP ≥ 130/85 mm Hg 77 52.40 (46.48–
58.31) 175/376 0.00 

Total cholesterol ≥ 2.0 
g/L 82 71.49 (63.57–

79.42) 57/376 0.00 

Triglycerides ≥ 1.50 
g/L 71 75.3 (66.02–84.58) 31/338 0.00 

TG/HDL-C ≥ 3.00 88 66.75 (58.64–
74.00) 61/378 – 

BP: blood pressure; TG/HDL-C: triglycerides/HDL-cholesterol ratio; 
AUC: area under the ROC curve, with its 95% confidence interval (CI). 
An AUC whose lower confidence limit is strictly greater than 50% 
indicates significant discriminating ability. Number of subjects with the 
criterion, out of the total number of men. 

4. Discussion 

This study involved 834 adults aged 15 to 59 years, 
with a female predominance and a majority of young 
adults [15–40[, in line with the young demographic profile 
of Togo [14], although the proportion of men in this age 
group was higher than in the overall sample. The sample 
reflects the ethnic diversity of the country: the majority 
Ewe/Mina and Kabyè groups were overrepresented, the 
Ouatchi (8.5% vs 10.0%) and Kotokoli/Tem (6.71% vs 
5.8%) groups were proportionally comparable to the 
general population, as were the minority ethnic groups 
(Moba, Lama, Akposso/Akébou, Bassar/Konkomba, 
Ifé/Ana) [21]. 

4.1. Metabolic Profiles 
In women under 40 years of age, the mean BMI (26.4 ± 

6.4 kg/m²) indicated overweight, unlike young men of the 
same age group. This finding is consistent with the 
STEPS-Togo 2021 survey, which reported a higher 
prevalence of overweight in women (23.3%), with a mean 
BMI of 25.1 kg/m² versus 22.9 kg/m² in men, confirming 
the greater vulnerability of women to excess weight in the 
urban Togolese setting [6]. This difference could be 
explained by a more marked sedentary behavior among 
women: in our study, 71% of women with abdominal 
obesity reported long periods of sitting, versus 43% of 
men. African sociocultural representations that value 
corpulence as a sign of wealth and good health may also 
reduce the motivation to prevent excess weight [22]. 

The significantly higher waist circumference in women 
would be explained by physiological differences in the 
distribution of abdominal adiposity according to gender 
[23], consistent with the literature describing a more 
marked abdominal adiposity in women from sexual 
maturation onward [24,25]. According to the IDF criteria, 
the majority of women would thus be in abdominal 
obesity, unlike men. In subjects free of metabolic disease 

and neither overweight nor obese, the WC reference 
interval (2.5th–97.5th percentiles) was 61–95 cm in 
women versus 62–93 cm in men, the female upper limit 
exceeding the Caucasian threshold of 80 cm by 15 cm [26]. 
The abdominal skinfold, an independent predictive marker 
of cardiometabolic risk [27], followed the same trend. 

These findings could explain the higher prevalence in 
women of prediabetes (18.7% vs 12.2%), hypertension 
(40.3% vs 36.1%) and hypercholesterolemia (29.5% vs 
19.3%). The 2021 STEPS survey likewise reported more 
frequent hyperglycemia in women (5.3% vs 4.4%), and a 
2015 Togolese study a higher prevalence of metabolic 
syndrome in women (1.3% vs 0.8%) [28]. 

4.2. Determination of the Optimal Waist 
Circumference Thresholds 

The study established specific waist circumference 
thresholds, predictive of cardiometabolic risks, in subjects 
of sub-Saharan African origin living in Togo. These 
thresholds were determined by the Youden method, as 
was done in Tunisia in 2006 by Bouguerra and coll. [29], 
and made it possible to meet a need for data that were not 
available for Africa [3]. In 2020, the study by Ross et al. 
[30] made it possible to obtain values for each race. That 
study stipulated that BMI alone was no longer sufficient 
for the prediction of cardiometabolic risks. In the present 
study, the optimal thresholds determined for women and 
men were 93 cm and 88 cm, respectively. 

The threshold of ≥ 93 cm in women in the present study 
is higher than the thresholds established by the IDF and 
the WHO for the Caucasian race, and then the threshold of 
88 cm used for African Americans and also in Canada 
[31]. Among Iranians, a value of 91 cm was also 
established in women in 2009 [32]. The thresholds found 
in Japanese (≥ 90 cm), Tunisian (≥ 85 cm) and Jordanian 
(≥ 96 cm) women were all, as in the present study, higher 
than the threshold of 80 cm recommended for sub-Saharan 
Africa [33, 30]. Regarding the male population, the data 
analysis identified a threshold of 88 cm, lower than the 94 
cm of the IDF recommended for sub-Saharan Africa by 
the WHO. All the thresholds established for men by the 
Japanese and Tunisians (≥ 85 cm), Chinese (≥ 80 cm) and 
Iranians (≥ 89 cm) were also lower than the IDF threshold 
of 94 cm [29]. 

Would the WC threshold criteria be similar in studies 
conducted in sub-Saharan African populations? Ekoru et 
al. [8]. in a pan-African meta-analysis of 24,181 
participants from 17 studies in eight sub-Saharan African 
countries, established optimal thresholds of 81.2 cm for 
men and 81.0 cm for women for the detection of 
cardiometabolic risk, i.e., a threshold markedly lower than 
that of the present study for men (88 cm) Did these 71 by 
Ekoru et al. [8] use the ROC method to determine the 
thresholds? Did they use the criteria of metabolic 
syndrome as the cardiometabolic risk factors against 
which the thresholds were determined? By what criterion 
did they choose the optimal threshold among the various 
thresholds found? Is it a mean, a mode, or a comparison 
with the upper limit of a WC reference interval of subjects 
who are neither overweight nor obese and are free of any 
metabolic disease, as in the present study? The reference  
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intervals for WC and hip circumference were determined 
with the 2.5th and 97.5th percentiles and not with the 
mean ± 1.96 SD because the data were not normally 
distributed. Although these intervals were obtained in 
subjects who were neither obese nor overweight and were 
free of any metabolic disease according to the criteria of 
metabolic syndrome, their cholesterolemia was above 2.00 
g/L in both men and women. In addition to the HDL-
cholesterol criteria, should total cholesterol not be added 
to the criteria of metabolic syndrome? All these 
methodological elements should be taken into account if 
optimal thresholds are to be defined for sub-Saharan 
Africa. 

4.3. Sex-related Epidemiological Paradox 
This study reveals a notable epidemiological paradox: 

although metabolic complications are more frequent in 
women, the ROC analysis assigns them higher optimal 
waist circumference thresholds than men. This finding is 
consistent with the work of Bouguerra and colleagues, 
who report a correlation between waist circumference and 
visceral fat that varies according to sex and ethnic origin 
[29]. Visceral fat is indeed distinguished from 
subcutaneous fat by its own physiological activity: it 
secretes pro-inflammatory cytokines that disturb 
metabolism, increase insulin resistance and promote 
atherosclerosis [34]. These effects, of varying intensity 
according to ethnic group and sex, justify that waist 
circumference be interpreted jointly with the presence of 
associated factors such as prediabetes, dyslipidemia and 
arterial hypertension [13]. 

4.4. Comparison with International and 
Regional Reference Standards 

The majority of studies linking waist circumference and 
cardiometabolic risk are based on Western, Asian or 
American populations, which are poorly representative of 
the bodily realities of the Middle East and sub-Saharan 
Africa, where the distribution of adiposity differs 
according to origin. Wang and colleagues thus report a 
greater subcutaneous fat mass in Asian than in Caucasian 
populations [35], and in Japan the waist circumference 
threshold is significantly higher in women (90 cm) than in 
men (85 cm) [29]. 

4.5. Strengths of the Study 
The present study has several notable methodological 

strengths. First, the purposive and proportional sampling 
technique, based on data from the General Population and 
Housing Census (RGPH-5, 2022) and taking into account 
demographic representativeness by age, sex and region. 
This approach gives the sample satisfactory external 
validity and allows reliable statistical inference at the scale 
of the urban Togolese populations studied. 

The use of multiple metabolic reference criteria 
(hyperglycemia, prediabetes, diabetes, arterial 
hypertension, dyslipidemia) allows a comprehensive and 
multidimensional evaluation of the diagnostic 
performance of waist circumference, thereby reinforcing 
the robustness of the proposed thresholds. The sex-

differentiated approach, based on a rigorous analysis of 
ROC curves and on the calculation of the areas under the 
curve with their confidence intervals, constitutes a 
significant methodological advance over the approaches to 
determining risk thresholds used in several studies. 

4.6. Limitations of the Study 
Despite these strengths, the present study has several 

limitations that deserve to be underlined. First, the cross-
sectional nature of the study does not allow causal 
relationships to be established between the variables 
studied, notably between dietary habits, lifestyle and the 
development of abdominal obesity. Longitudinal studies 
would be necessary to confirm the associations observed. 

Second, recruitment limited to the Maritime and Kara 
regions, although representative of urban areas, does not 
allow the results to be generalized to the whole Togolese 
territory, notably to the Plateaux, Central and Savanes 
regions, nor to rural populations, whose anthropometric 
and metabolic profiles could differ significantly. An 
extension of the study to these regions, in urban and rural 
settings, would be necessary to establish definitive 
national thresholds. 

5. Conclusions 

This study made it possible to determine, through a 
rigorous methodological approach based on the analysis of 
ROC curves, waist circumference thresholds specific to 
the diagnosis of abdominal obesity in the Black 
population of the Maritime region of Togo. The threshold 
of 93 cm in women makes it possible to avoid falsely 
declaring female subjects to be in a situation of abdominal 
obesity, especially if the patient is free of any metabolic 
disease. It will also make it possible to avoid 
underdiagnosing abdominal obesity in men when the IDF 
criteria are used. 

It is important to note the existence of women free of 
any metabolic disease with waist circumferences reaching 
93 cm according to the analysis of the 97.5th percentile, 
which confirms the need for a contextualized 
interpretation. 
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Supporting Information 

Supplementary Tables S1 and S2 give the complete sensitivity and specificity values for each WC level. Because they 
exceed one printed page, they are provided as online supporting information, in accordance with the journal’s instructions 
for tables. 

Table S1: Sensitivity and specificity of WC levels for the presence of prediabetes, diabetes, dyslipidemia and hypertension in women (n = 458) 

WC (cm) 
Blood glucose ≥ 1.00 g/L BP ≥ 130/85 mm Hg Total cholesterol ≥ 2.0 

g/L Triglycerides ≥ 1.50 g/L TG/HDL-C ≥ 3.00 

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity 

70.5 92 30 88 38 89 31 96 30 88 29 
71.5 92 32 86 40 86 33 95 31 87 31 
72.5 91 33 86 42 86 34 95 33 86 32 
73.5 91 37 83 45 84 37 89 35 83 35 
74.5 89 38 83 48 83 39 89 37 83 37 
75.5 87 41 79 50 81 42 84 40 80 40 
76.5 86 43 78 52 80 44 84 42 78 41 
77.5 86 44 76 53 79 45 84 43 78 43 
78.5 86 46 75 54 78 47 82 44 77 44 
79.5 84 47 75 56 78 49 82 45 77 45 
80.5 78 51 71 61 75 53 77 50 71 49 
81.5 76 53 69 63 73 55 75 51 70 51 
82.5 75 54 69 64 72 56 75 52 70 52 
83.5 75 55 67 65 70 57 75 54 67 53 
84.5 74 59 67 71 65 59 74 57 65 57 
85.5 72 60 66 71 65 61 72 58 64 58 
86.5 71 62 63 72 63 63 68 60 58 59 
87.5 67 63 60 74 61 64 67 62 55 61 
88.5 63 66 58 77 59 68 65 65 55 64 
89.5 63 68 56 78 59 70 65 66 54 65 
90.5 61 70 55 81 57 72 63 69 51 68 
91.5 61 72 53 83 54 73 61 71 49 69 
92.5 57 74 49 85 52 76 60 74 48 72 
93.5 54 75 48 85 49 77 58 74 48 74 
94.5 51 76 45 86 46 77 56 76 46 75 
95.5 46 77 42 87 44 79 53 77 43 77 
96.5 42 79 38 87 39 81 46 79 39 79 
97.5 41 81 35 88 37 82 46 81 39 81 
98.5 41 83 34 89 33 83 46 82 39 82 
99.5 39 83 33 90 33 83 46 83 39 83 
100.5 33 84 30 91 30 85 40 85 36 85 
101.5 30 86 26 91 26 87 35 86 32 86 
102.5 29 87 25 91 24 87 33 87 29 87 
103.5 26 88 23 92 23 88 30 88 28 88 
104.5 26 89 21 93 20 89 26 89 25 89 
105.5 24 90 20 95 19 90 25 90 23 90 
106.5 21 91 18 95 18 91 23 91 19 90 
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WC (cm) 
Blood glucose ≥ 1.00 g/L BP ≥ 130/85 mm Hg Total cholesterol ≥ 2.0 

g/L Triglycerides ≥ 1.50 g/L TG/HDL-C ≥ 3.00 

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity 

107.5 21 92 17 96 17 92 23 92 19 92 
108.5 20 94 15 97 15 94 19 93 16 93 
109.5 20 95 14 98 15 95 18 94 16 94 
110.5 16 95 13 98 15 96 14 94 13 94 
111.5 14 96 12 98 14 96 14 95 12 95 
112.5 13 96 11 99 13 97 14 95 12 95 
113.5 12 96 10 99 11 97 14 96 12 96 
114.5 12 97 10 99 11 97 14 96 12 96 
115.5 12 98 8 99 9 98 11 97 10 97 
117 11 98 7 99 8 98 11 97 10 98 

118.5 7 98 5 99 5 98 7 98 7 98 
119.5 7 98 5 100 4 98 7 98 7 98 
120.5 4 99 4 100 4 99 5 99 6 99 
124 1 99 2 100 3 100 2 99 3 99 
128 0 99 2 100 3 100 2 99 1 99 
130 0 99 1 100 2 100 2 100 1 100 

135.5 0 100 1 100 1 100 2 100 1 100 
Inf 0 100 0 100 0 100 0 100 0 100 

Cut-off 
value* 87 85 91 93 80 

AUC (95% 
CI) 70.56 (64.48–76.64) 72.95 (68.34–77.56) 67.84 (62.3–73.38) 75.3 (65.04–78.16) 64.75 (57.64–71.85) 

Number per 
criterion 76/458 212/458 114/458 57/458 69/458 

*P value 0.00 0.00 0.00 0.00 0.00 

BP: blood pressure; TG/HDL-C: triglycerides/HDL-cholesterol ratio; AUC: area under the ROC curve (95% confidence interval). *Cut-off value and P 
value refer to the ROC analysis of each criterion. 

Table S2: Sensitivity and specificity of WC levels for the presence of prediabetes, diabetes, dyslipidemia and hypertension in men (n = 376) 

WC (cm) 
Blood glucose ≥ 1.00 g/L BP ≥ 130/85 mm Hg Total cholesterol ≥ 2.0 

g/L Triglycerides ≥ 1.50 g/L TG/HDL-C ≥ 3.00 

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity 

70.5 93 44 58 43 77 46 94 46 79 47 
71.5 93 48 55 47 75 50 87 49 74 50 
72.5 93 53 50 52 70 55 81 54 69 55 
73.5 93 58 47 59 67 60 74 59 66 60 
74.5 80 61 43 62 67 65 65 62 57 63 
75.5 73 68 38 70 63 71 65 69 56 70 
76.5 73 70 36 73 61 74 65 72 52 73 
77.5 67 73 33 76 61 78 65 75 44 75 
78.5 60 75 31 77 60 79 61 76 43 76 
79.5 60 75 30 78 58 80 61 77 43 77 
80.5 60 78 27 79 56 82 58 79 41 79 
81.5 53 79 26 81 56 84 58 81 39 81 
82.5 53 80 25 82 51 84 52 81 39 82 
83.5 53 82 22 83 47 85 45 83 36 83 
84.5 53 84 21 85 42 87 45 85 36 86 
85.5 53 86 19 87 42 89 42 86 36 88 
86.5 47 87 18 89 39 90 42 88 36 90 
87.5 40 87 18 89 37 90 42 88 36 90 
88.5 40 88 17 90 37 91 42 90 34 91 
89.5 40 88 17 91 37 92 42 90 33 91 
91 40 90 15 93 30 92 39 92 31 93 

92.5 40 91 14 93 28 93 39 92 30 94 
93.5 40 92 13 93 28 94 39 93 30 94 
94.5 40 92 13 94 28 94 39 93 30 95 
95.5 40 94 9 94 25 96 39 95 28 97 
97.5 27 95 7 96 21 97 29 96 21 97 
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WC (cm) 
Blood glucose ≥ 1.00 g/L BP ≥ 130/85 mm Hg Total cholesterol ≥ 2.0 

g/L Triglycerides ≥ 1.50 g/L TG/HDL-C ≥ 3.00 

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity 

99.5 27 95 7 96 19 97 26 96 20 97 
100.5 27 96 7 96 18 97 26 97 20 97 
101.5 27 97 5 97 16 98 23 97 18 98 
102.5 20 97 5 97 16 98 19 97 16 98 
103.5 20 97 4 97 16 98 19 98 15 98 
104.5 20 97 4 97 14 98 16 98 13 98 
106 20 98 4 98 12 98 13 98 11 98 

107.5 20 98 4 98 11 98 13 98 10 98 
108.5 20 98 3 98 9 98 10 98 8 98 
109.5 20 98 3 99 7 98 10 98 8 99 
110.5 13 99 2 99 5 99 10 99 7 99 
111.5 13 99 1 99 4 99 6 99 5 99 
112.5 7 99 1 99 2 99 3 99 3 99 
115 7 100 1 100 0 99 0 99 2 100 

117.5 0 100 0 100 0 100 0 100 0 100 
Inf 0 100 0 100 0 100 0 100 0 100 

Cut-off 
value* 74 77 82 71 88 

AUC (95% 
CI) 78.94 (67.65–90.23) 52.40 (46.48–58.31) 71.49 (63.57–79.42) 75.3 (66.02–84.58) 66.75 (58.64–74.00) 

Number per 
criterion 15/376 175/376 57/376 31/338 61/378 

*P value 0.00 0.00 0.00 0.00 – 

BP: blood pressure; TG/HDL-C: triglycerides/HDL-cholesterol ratio; AUC: area under the ROC curve (95% confidence interval). *Cut-off value and P 
value refer to the ROC analysis of each criterion. 

 


