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Background and Aims: The prevalence of overweight/obesity increases worldwide, including among students. BMI is a commonly 
used indicator to assess excess fat mass (FM). Our objective was to determine the prevalence of malnutrition (overweight, obesity and 
underweight) and correlation with FM among Congolese students, and to assess the correlation between BMI and FM measured by 
bioimpedance.
Methods: Cross-sectional study among students applying for registration at the University of Kinshasa during the 2024–2025 
academic year. Underweight, overweight and obesity were defined according to WHO criteria. FM values ≥ percentile 90 were 
considered as pathological. Student’s T test, Mann Whitney U, Pearson correlation, ROC curves and Youden index were the statistical 
analyses used, with p < 0.05.
Results: We included 13,381 students (59.7% male; mean age 19.8 ± 3.3 years). The prevalence of overweight and obesity in women 
(13.4%, 95% CI [12.5–14.3] and 4.6% [4.1–5.2]) was higher than in men (9.0% [8.4–9.6] and 2.2% [1.9–2.5]), p < 0.001. The 
underweight was also more frequent in women (10.2[9.4–11.0]) than in men (9.0[8.4–9.7]), p = 0.021. Women had a higher percentage 
of FM (median 23.6%, IQ 25: 15.1% and IQ 75: 30.1%) compared to men (13.8%; 10.4% and 19.4%), p < 0.01. The correlation 
between FM and BMI (r = 0.414; p < 0.001) was better in women compared to the men (r = 0.318, p < 0.001). The areas under the 
ROC curves plotted from BMI values and FM cut-offs ≥ percentile 90 (women = 35.8% and men = 26.0%), were 0.9038 in women 
(youden index = 0.73) versus 0.5899 in men (youden index = 0.14).
Conclusion: Overweight/obesity and underweight coexist among candidates particularly in women for student recruitment, at the 
University of Kinshasa, which illustrate the double burden of malnutrition in the academic young population. Using bioimpedance to assess 
body composition, BMI correlates better with FM in women; the usual thresholds defining overweight and obesity were not valid in men.
Keywords: obesity, fat mass, bioimpedance, correlation, students, DR Congo

Introduction
Over the past three decades, obesity has become a major public health problem worldwide. Reports from the World Health 
Organization (WHO) show that in 30 years, the prevalence of obesity has quadrupled in children and young people and 
doubled in adults.1 This worrying trend reflects the impact of a sedentary lifestyle, physical inactivity and the consequences 
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of eating foods high in sugar and fat.2,3 This scourge suggests that a generation of young people will be more exposed to 
obesity-related diseases in the years to come. Indeed, obesity increases the risk of high blood pressure (HBP), type 2 diabetes, 
heart and lung diseases (sleep apnea, chronic obstructive pulmonary disease = COPD, pulmonary embolism).4 Obesity also 
affects bone health, reproductive health, and increases the risk of some cancers.5 According to the Organization for Economic 
Cooperation and Development (OECD), obesity and related diseases will reduce global life expectancy by 0.9 to 4.2 years 
over the next 30 years.6 In some developing countries, Studies also reports cases of underweight in the population.7 This can 
pose a paradoxical dual challenge in terms of nutrition and nutrition-related clinical pathologies.

Based on the WHO recommendation’s, a commonly used definition of obesity and underweight are determined 
by body mass index (BMI), calculated by dividing weight in kilograms by height in meters squared.8 While BMI 
is a good indicator of an individual’s overall corpulence and the risks associated with obesity, it does not take into 
account the proportion of fat mass (FM) of the individual.9 For example, a muscular athlete will have a high BMI 
but little FM, and he will only become a cardiovascular risk profile when he stops his physical activity and begins 
to accumulate FM. BMI also does not allow us to assess the distribution of adipose tissue. This is why its 
measurement is supplemented by other measurements such as waist circumference (WC), the waist-to-height ratio 
(WHR), the thickness of fat folds, etc.9 Another fundamental problem concerns the thresholds for BMI and WC 
which define obesity. These thresholds vary across age, gender and racial groups.10–12

Although widely reported in many studies in DR Congo,13–15 BMI and WC have not been studied compared to 
FM percentage per se. In young subjects, local studies of obesity, overweight and abdominal obesity have used 
thresholds reported in the literature. A few years ago, Kasiam et al, on a large sample largely made up of young 
Congolese living in the city of Kinshasa, had proposed local thresholds to define nutritional status/body composi-
tion disorders for men and women. They had considered the 97.5 percentiles in the population to define obesity 
(≥27 kg/m2) and abdominal obesity (≥90 cm).16 Very few studies have focused on students. In order to better 
assess the extent of obesity and underweight among Congolese students, this study conducted in a university 
setting had the main objective of determining the FM among students applying for registration at the University of 
Kinshasa (UNIKIN) during the 2024–2025 academic year. The secondary objectives were as follows: to study the 
correlation between FM and anthropometric parameters (BMI, WC, waist-to-height ratio = WHR).

Methods
Study Design, Setting and Population
The present cross-sectional study selected all students who applied to UNIKIN. It has been conducted at the UNIKIN 
student health centre as part of the students’ fitness exams. Data were collected from September 1, 2024 to October 31, 
2024. The examiners were 12 internal medicine specialists, 30 general practitioners and 5 nurses. Every week, from 
Monday to Saturday, 200–400 students were examined.

Data Section
The parameters of interest examined were sociodemographic and anamnestic (age, sex, past medical history, province of 
origin), anthropometric (weight, height, BMI, WC, WHR), blood pressure (BP) and its components (systolic BP = SBP, 
and diastolic BP = DBP) and the body composition to assess the percentage of FM.

The BP was measured while sitting, with the left arm brought down to heart level using an Omron® BP monitors after 
a rest of at least 5 minutes. Two measurements spaced at least two minutes apart were taken for each student, and 
the second measurement was considered in this study. The weight was measured in a standing, barefoot and slightly vetus 
person using a Seca® scale. The height was measured using a ruler, the waist with a tape measure. FM was evaluated by 
the bioimpedance method using a TANIKABC 545 scale.

Definitions
Overweight, obesity and abdominal obesity were defined according to WHO and IDF.12,13

The cut-off point of obesity is ≥ 30 kg/m².
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Hypertension was defined as SBP ≥ 140 mmHg and/or a DBP ≥ 90 mmHg or the notion of taking hypotensive 
treatment.17 Systolic HBP was defined as SBP ≥ 140 mmHg and a DBP < 90 mmHg; diastolic HBP was defined as DBP 
≥ 90 mmHg and a SBP < 140 mmHg.17 Excess FM percentage was defined according to literature data (≥ 32% in women 
and ≥ 25% in men)18 and, the 90th percentile in the study population was also taken into account.

Statistical Analyses
Data were entered into Excel and transferred to SPSS 21 and STATA 17 software for statistical analyses. Local 
pathological FM thresholds were determined as percentile values (90th percentiles) with 95% confidence interval (CI) 
both in the general population and for each sex. Groups were compared using Pearson’s Chi-square and Student’s t tests. 
Results are presented in tables or figures as mean ± standard deviation (SD), median and interquartiles 25 and 75 or as 
absolute frequencies (percentage) with 95% confidence interval. We used Pearson’s correlation coefficient to measure the 
relationship between FM and other variables of interest (BMI, WC, WHR, SBP, DBP, age). Receiver Operating 
Characteristic (ROC) curves were used to represent sensitivity and 1- specificity for all possible cut-off values of obesity 
markers. The Youden index (J) was used to select the optimal probability threshold for each prediction. The cut-off point 
for having an acceptable Youden index was 50%. Any value below 50% denotes an absence to detect the excess of FM. 
A p-value < 0.05 was considered statistically significant.

Results
The present study included 13,831 students, with a great number of men (8,258 = 59.7%) than women (5,573 = 40.3%). 
Table 1 shows that they had a mean age of 19.8 ± 3.3 years, with a difference in favor of men. Overweight, obesity and 
abdominal obesity were more common in women. The proportion of young people with underweight was also more 
marked among women than men. Hypertension, especially its systolic component (SHBP), was more marked in men. 
The mean DBP was the same in the two groups. The mean percentage of FM was higher in women than men. All these 
parameters are presented in Table 1.

Figure 1 shows the distribution of FM percentage in men and women. In the whole group, the median, 25th and 75th 
interquartile values of FM percentage were 16.5%, 11.5% and 25.1%.

The comparison between men and women, showed a very significant difference in favor of women, namely 23.6%, 
15.1% and 30.1% vs 13.8%, 10.4% and 19.4% (Figure 2).

Table 1 Characteristcs of the Study Population

Variables Whole Group, n=13.831 Men, n=8.258 Women, n=5.573 p

Age 19.8 ± 3.3 20.3 ± 3.7 19.0 ± 2.3 <0.001
Height 164.7 ± 8.6 167.6 ± 7.8 160.4 ± 7.8 <0.001

WC 72.2 ± 7.2 72.6 ± 7.0 71.7 ± 7.6 <0.001

Abdominal obesity 6.1 [5.7–6.5] 1.4 [1.1–1.7] 13.1 [12.3–14.0] <0.001
WHR ≥ 0.6 2.6 [2.3–2.8] 1.8 [1.5–2.1] 3.7 [3.3–4.2] <0.001

BMI 22.0 ± 3.3 21.8 ± 3.0 22.3 ± 3.7 <0.001

Underweight 9.5 [9.0–10.0] 9.0 [8.4–9.7] 10.2 [9.4–11.0] 0.021
Normal weight 76.6 [75.9–77.3] 79.8 [78.9–80.7] 71.8 [70.6–73.0] <0.001

Overweight 10.8 [10.3–11.3] 9.0 [8.4–9.6] 13.4 [12.5–14.3] <0.001

Obesity 3.2 [2.9–3.5] 2.2 [1.9–2.5] 4.6 [4.1–5.2] <0.001
SBP 119.6 ± 11.7 120.4 ± 11.5 118.3 ± 11.9 <0.001

DBP 71.1 ± 9.7 71.0 ± 9.7 71.1 ± 9.7 0.280

HTN 4.7 [4.4–5.1] 5.0 [4.5–5.5] 4.4 [3.9–5.0] 0.104
Systolic HTN 2.3 [2.1–2.6] 2.6 [2.3–3.0] 1.9 [1.5–2.2] 0.003

Diastolic HTN 2.0 [1.8–2.2] 1.8 [1.6–2.1] 2.2 [1.8–2.6] 0.122

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HTN, hypertension; SBP, systolic blood pressure; 
WC, waist circumference; WHR, waist to height ratio. The results are presented as mean ± standard deviation or as 
frequency with 95% confidence interval.
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Table 2 reports the correlation between the percentage of FM and anthropometric parameters and those related to 
blood pressure.

Figure 2 Median, 25th and 75th percentile values in the whole group, in men and women.
In both men and women, BMI was the anthropometric parameter best correlated with FM. Among the components of 

blood pressure, DBP was the best correlated with FM; age was correlated with FM in men but not in women (Table 2).
The results of the sensitivity and 1-specificity of different anthropometric values in relation to the pathological FM 

thresholds of 25% in men and 32% in women are presented in Figure 3 (ROC curves) and in Table 3 which also reports 
the Youden indices for the most significant thresholds.

Figure 1 Percentage of FM distribution in men (a) and women (b).

Figure 2 Median, 25th and 75th percentile values in the whole group (a), in men and women (b).
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In the study population, the 90th percentile values of FM were 26.0 (CI 95%: 25.5–26.5) in men versus 35.8 in 
women (CI 95%: 35.4–36.2), p < 0.05. Based on the FM values ≥ 90th percentiles (local thresholds), the ROC curves 
were redone (Figure 4) and the Youden indices are recalculated (Table 4).

Discussion
This study found that many students are overweight, obese or underweight. It also showed that compared to bioimpe-
dance, the usual BMI thresholds for defining obesity are valid in women but obsolete in men.

Obesity (3.2%) and overweight (11.8%) combined affected 14% of students examined. This is indicative of 
a neglected health problem among young people in the student environment of Kinshasa. The rise of overweight/obesity 
is influenced by changes in social environment (physical inactivity, food habits, transport systems as child and schools, 
etc).2,3 Kinshasa young people are not sufficiently active due to the loss of public recreation space, the increase in 
motorised transport and decrease in active transport (eg, cycling, walking). Specially in students, there is growing 
evidence that short sleep duration, poor sleep quality and a late bedtime are associated with a higher risk of obesity and 

Table 2 Pearson Correlation Between FM and 
Other Parameters

Variables Men Women

r p r p

Age 0.118 <0.001 0.026 0.066
BMI 0.318 <0.001 0.414 <0.001

WC 0.190 <0.001 0.304 <0.001

WHR 0.218 <0.001 0.355 <0.001
Weight 0.209 <0.001 0.302 <0.001

Height −0.121 <0.001 −0.146 <0.001

SBP 0.024 0.040 0.021 0.141
DBP 0.041 <0.001 0.053 <0.001

Abbreviations: BMI, body mass index; DBP, diastolic blood 
pressure; SBP, systolic blood pressure; WC, waist circumfer-
ence; WHR, waist to height ratio.

Figure 3 ROC curves predicting anthropometric values associated with excess of FM (literature thresholds) in women (a) and men (b).
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insulin resistance.19,20 On the other hand, obesity might occur secondary to a range of medical conditions as hypothyr-
oidism, hypercortisolism, treatment with glucocorticoids and some antiepileptics drugs.21

The prevalence found in the present study remains lower than that reported among young people of the same age in 
other countries. Prevalence of overweight/obesity in young people is highest (>30%) in many Pacific Island nations and 
is high (>20%) in several countries in America, Europe and north Africa.1,22–24 In sub-Saharan Africa (SSA), higher 
frequencies of obesity among adolescents and young adults have been reported in Ghana, Cameroon and South Africa.25– 

27 We explain this difference by the double burden of obesity and malnutrition. Indeed, approximately one in 10 students 
examined (9.2%) had a BMI below 18.5 kg/m2. In more than a third of the world’s countries, multiple forms of 
malnutrition are present simultaneously, particularly in SSA, South Asia and the East Asia and Pacific region.28 All these 
forms of malnutrition have a common denominator: food systems that fail to provide people with healthy, safe, 
sustainable and affordable food.

In the present study, women were more affected by obesity and overweight than men. It is well known that women are 
at higher risk of developing overweight or obesity due to physical inactivity, psychological comorbidities, factors such as 
pregnancy, hormones and genetic differences.29,30 Kapoor et al have shown that living with obesity/overweight is not 
only a consequence of a long-term energy imbalance between too many calories consumed (overeating) and too few 
calories expended (sedentary lifestyles), but is also linked to the way our brain develops.31 Their findings suggest that 
obesity risk may be influenced by how our brains develop early in life, which can be affected by both our genes and the 
environment we are exposed to. The researchers believe that understanding these developmental processes could be 
crucial to preventing and more effectively addressing the global obesity problem.

Table 3 Youden Index (J) Based on Obesity Indicators/Literature Thresholds

Variables Men Women

Se in % Sp in % Cutpt J Se in % Sp in % Cutpt J

WC 20.0 88.0 79.5 0.09 61.0 75.0 73.5 0.36

WHR 35.0 76.0 0.46 0.11 72.0 70.0 0.45 0.42
BMI 41.0 73.0 22.9 0.14 86.0 73.0 22.5 0.59

Abbreviations: BMI, body mass index; Cutpt, empirica optimal cutpoint; J, Youden index; Se, sensibility; Sp, 
specificity; WC: waist circumference; WHR, waist to height ratio.

Figure 4 ROC curves predicting anthropometric values associated with excess of FM (local thresholds) in women (a) and men (b).
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For epidemiological purposes and routine clinical practice, simple anthropometric measures are generally used as 
screening tools.1,8 BMI is used as an indirect measure of FM. According to our results, anthropometric measures of 
obesity (BMI, TT and WHR thresholds) were better correlated with FM in women compared to men, and the thresholds 
determining obesity had a good prediction of excess FM only in women. A woman’s FM is on average 20% compared to 
13% for a man.32 Knowing that muscular activity is the source of energy expenditure during exercise, women have 
a lower capacity to produce energy and therefore less strength and endurance. In addition, men generally have thicker 
skin about 25%, and their density of the protein collagen is higher.33 This difference in density is not limited to the skin, 
since men also have stronger bones as well as denser tendons and ligaments than women.33 BMI thresholds defining 
obesity and overweight in young men should logically be reevaluated in our population. Body composition assessment is 
a more accurate measure for diagnosing obesity in this age group.

In the present study, approximately one out of 20 students had high blood pressure. SBP was higher in men compared 
to women. Our results corroborate data from the literature including data from the DR Congo EDS survey in 2024.34,35 

The correlation between FM and DBP was positive, but was not significant between FM and SBP. It is known that 
diastolic hypertension indicates damage to the microcirculation: the small arteries, which have become rarer and thicker, 
resist the passage of blood, which increases the pressure.36 This phenomenon occurs before the stiffening of the large 
arteries, which causes systolic hypertension. DBP increases with age, reaching a plateau around 30–35 years of age, then 
decreases from the age of 60, due to the progressive increase in arterial stiffness.37 An isolated increase in DBP occurs in 
2% to 8% of the population depending on the study, mainly in young patients with metabolic syndrome.37 In these young 
patients, the absolute short-term cardiovascular risk is low. However, in the long term, there is an increased risk of 
coronary heart disease and stroke.37

Despite the relevance of the results found, the study has some limitations. The study population was very selective. 
Other strata and age groups of the population were not included. Some determinants of nutritional status such as physical 
activity and dietary composition were not assessed. It would also be ideal to follow up the cases to better study the risk of 
occurrence of cardiovascular events linked to obesity in order to better determine the thresholds of FM and BMI at risk.

In conclusion, this study showed that a significant proportion of students admitted to the University of Kinshasa have 
overweight/obesity or underweight; which illustrates the double burden of malnutrition in academic population. These 
pathologies are more frequent in women. Using bioimpedance to assess body composition, the usual thresholds that 
define obesity are better correlated with fat mass in women; these thresholds are not valid in men. Hypertension is 
associated with obesity and the fat mass. These data encourage students to adopt healthy lifestyle.
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