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Abstract

Objective: The use of clinical anthropometry in the evaluation of several forms of health risks
associated with dietary patterns and lifestyle habits has been encouraged globally. This present study aimed
to assess the body mass index (BMI) and waist-hip ratio (WHR) of selected South-Southern Nigerian tertiary
students.

Methods: The study involved 100 students (50 males: 50 females) of Madonna University, Elele
between 18 to 25 years. The health risk classification based on the BMI of both genders was grouped into
seven (7) classes; severely underweight, underweight, normal weight, overweight, obese I, 11, and Ill. The
WHR health risk classification was grouped into three (3) classes for both genders; low, moderate, and high
risks. A stadiometer was calibrated to the nearest 0.01m to obtain body height while body weight was
measured to the nearest 0.1kg with a HD358 Tanita digital bathroom weighing scale. Waist (WC) and hip
circumferences (HC) were measured to the nearest 0.5cm with a non-stretchable measuring tape.

Results: The study showed that the highest proportion of students was either normal (27%) or
overweight (24%). Females had a mean BMI and WHR of 26.56kg/m? and 0.77, respectively while males had
a mean BMI and WHR of 30.99kg/m? and 1.04, respectively. Based on WHR health risk classification, a
higher percentage of males had a high risk (40%) in comparison to females (18%). There was a significant
difference in the distribution of the WHR health risk classification between males and females (p=0.045).

Conclusion: The current study concluded that both BMI and WHR could significantly be utilized as
health risk predictors of disorders associated with diet and lifestyle habits in the study population.
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Introduction

The assessment of health risks using anthropometric parameters involves using measurements of the
human body, such as height, weight, body circumferences, and skinfold thickness, to evaluate an
individual's body composition and potentially identify health-related concerns 2. These
measurements provide valuable insights into an individual's nutritional status, body fat distribution,
and overall health risks. In the pursuit of achieving and maintaining optimal health, understanding
and monitoring key indicators of body composition is crucial °. Two widely recognized metrics in
this regard are Body Mass Index (BMI) and Waist-Hip Ratio (WHR). These measurements serve as
valuable tools in assessing an individual's risk of various health conditions, ranging from
cardiovascular diseases to metabolic disorders 2.

Body mass index (BMI) is a numerical value derived from an individual's weight and height . It
provides a standardized assessment of body composition, allowing for categorization into different
weight status classifications such as underweight, normal weight, overweight, and obesity %%
Underweight people usually have a BMI of less than 18.5, which is associated with health risks
such as malnutrition, weakened immune system, osteoporosis, and reproductive issues °1°. Those
with normal weight possess a BMI ranging from 18.5 to 24.9 and are generally considered a healthy
range for most people. Overweight individuals tend to have a BMI between 25 to 29.9, which is
closely linked to health risks including increased risk of heart disease, high blood pressure, type 2
diabetes, and other health issues. The Class | obese individuals do have a BMI ranging from 30 to
34.9 which predisposes them to certain health risks such as elevated risk of cardiovascular disease,
type 2 diabetes, sleep apnea, and certain cancers '3, Class Il obese individuals have a BMI
ranging from 35 to 39.9, accompanied by a significant increase in risk for serious health conditions
including heart disease, stroke, and type-2 diabetes. Finally, class Ill obese individuals do have a
BMI of 40 or higher, which together with an extremely high risk of developing serious health
conditions like heart disease, stroke, diabetes, and certain cancers ! 14, Since its inception, BMI has
been extensively utilized by healthcare professionals, researchers, and policymakers as an initial
screening tool to evaluate an individual's weight-related health risks & 1517,

In addition to BMI, the Waist-Hip ratio (WHR) offers a deeper insight into the distribution of body
fat. The waist-hip ratio (WHR) is then calculated by dividing the waist circumference by the hip
circumference. In men, the WHR classifications for health risks are as follows, low risk with a
WHR less than 0.90, moderate risk with a WHR between 0.90 and 0.99, while for high risk, the
WHR is usually 1.00 or higher. In women, the WHR classifications for health risks are as follows,
low risk with a WHR less than 0.80, moderate risk with a WHR between 0.80 and 0.84, while for
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high risk, the WHR is usually 0.85 or higher 2% A lower WHR tends to suggest a healthier
distribution of body fat, which is associated with a lower risk of cardiovascular diseases and other
obesity-related health issues 't 222 Individuals who fall under the moderate WHR indicate an
increased risk compared to individuals with a lower WHR. It suggests that there may be a higher
proportion of abdominal fat, which is associated with higher health risks. A higher WHR indicates a
potentially significant accumulation of abdominal fat. This is associated with a higher risk of
conditions like heart disease, type 2 diabetes, and certain cancers " 2. Unlike BMI, WHR
specifically focuses on the distribution of fat around the abdomen and hips. This ratio is obtained by
dividing the circumference of the waist by that of the hips. A higher WHR signifies an increased
accumulation of visceral fat, which is known to be associated with a higher risk of metabolic
disorders, cardiovascular diseases, and other health complications 242,

The significance of BMI and WHR lies not only in their ability to identify potential health risks but
also in their versatility as tools for health interventions " 2. By understanding the implications of
these indicators, individuals can make informed decisions regarding lifestyle choices, including
diet, exercise, and other preventive measures. Furthermore, healthcare providers can use these
metrics to formulate personalized health plans and track the progress of their patients over time. For
example, body mass index (BMI) is a commonly used tool for classifying individuals into different
health risk categories based on their weight relative to their height. It provides a general assessment
of whether a person is underweight, normal weight, overweight, or obese ® 8. The waist-hip ratio
(WHR) is another useful tool for assessing health risks associated with body fat distribution. It takes
into account the distribution of fat around the abdomen and hips as a higher WHR indicates that
more fat around the waist is associated with increased health risks 1228  However, it is crucial to
acknowledge that while BMI and WHR are valuable screening tools, they do have limitations. They
do not provide a comprehensive assessment of an individual's overall health, taking into account
factors such as muscle mass, bone density, and specific health conditions ?°. Though, a general
approach to health assessment, involving additional measurements and clinical evaluations, is
essential for a thorough understanding of an individual's well-being. Therefore, this current study
aimed to evaluate the Body Mass Index (BMI) and Waist-Hip Ratio (WHR) of selected South-
Southern Nigerian students and explore whether these variables can provide an understanding of

possible health risks associated with these student populations.
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Materials and Methods

This study employed a cross-sectional, and a descriptive design to assess the BMI and WHR of
students of Madonna University, Elele within the ages of 18 to 25 years. Out of 100 students, 50
were males while 50 were females. Before the period of collection of data, ethical approval was
obtained and informed consent was obtained from each participant as the purpose of this study was
explained to them. The inclusion criteria were that selected participants were devoid of any physical
deformities, and had not taken any meal six hours before the point of obtaining measurements.
Individuals who met the inclusion criteria were randomly selected using a non-probability,
convenience sampling technique. The materials used in carrying out the study include a
stadiometer, measuring tape, and weighing scale.

Upon the calibration of the stadiometer to the nearest 0.01m, body height was measured while body
weight was measured to the nearest 0.1kg with an HD358 Tanita digital bathroom weighing scale.
The body mass index (BMI) was then calculated from the weight and height using the standardized
formula (BMI = Weight/Height?). Both waist (WC) and hip circumferences (HC) were measured
(in centimeters) to the nearest 0.5cm with a non-stretchable measuring tape. WC was measured at a
point midway between the iliac crest and the lower rib margin on both sides while HC was
measured at the widest point of the buttocks *°. Waist-hip ratio (WHR) was calculated by dividing
the waist circumference by the hip circumference. All measurements were performed twice and the
calculated means were recorded to ensure the precision of data.

Statistical Analysis: Data was analyzed using Statistical Package for the Social Sciences (SPSS
IBM version 23.0) and Microsoft Excel 2016 edition. Both descriptive and inferential statistics were
employed and the results were presented in the form of tables. Independent sample t-test was used
to determine gender differences in measured parameters. Pearson correlation was used to determine
correlation statistics between observed variables in the studied population. The chi-square test was
used to determine the association between gender and body mass index classification in the studied

population. The levels of statistical significance were set at a p-value less than 0.05.

Results

Out of a total of 100 subjects as shown in Table 1, 5% were severely underweight, 3% were
underweight, 27% had a normal weight, 24% were overweight, 19% belonged to the obese class I,
13% belonged to the obese class Il and 9% belonged to the obese class Ill. Table 2 shows the
descriptive statistics of weight, height, waist circumference (WC), hip circumference (HC), body

mass index (BMI), and waist-hip ratio (WHR) in the population. The mean weight was 90.36kg,
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mean height was 1.78m, mean WC was 77.96cm, mean HC was 89.16cm, mean BMI was
28.78kg/m?, and mean WHR was 0.91.

Table 3 depicts the descriptive statistics of all variables for the female category. Their mean weight
was 80.78kg, mean height was 1.75m, the mean WC was 72.13cm, mean HC was 94.22cm, mean
BMI was 26.56kg/m?, and the mean WHR was 0.77. Table 4 illustrates the descriptive statistics of
all variables for the male category. Their mean weight was 99.94kg, mean height was 1.81m, the
mean WC was 83.79cm, mean HC was 84.11cm, mean BMI was 30.99kg/m?, and the mean WHR
was 1.04.

Table 4 shows that using an independent t-test, the results showed male subjects had significantly
higher mean values in weight, height, waist circumference (WC), body mass index (BMI), and
waist-hip ratio (WHR) while females showed significantly higher mean value for hip circumference
(p<0.05).

Table 5 describes the gender-based chi-square test of association in health risk classification using
the BMI between male and female subjects in the studied population. No statistically significant
difference was observed in the distribution of the health risk classification between males and
females (p=0.052).

In Table 6, significant and strong correlations were observed between weight and waist
circumference (r=0.580, p=0.001), and body mass index (r=0.786; p=0.001) while although
significant, several weak correlations were observed between weight and height (r=0.263; p=0.008),
hip circumference (r=0.207; p=0.039) and waist to hip ratio (r=0.298; p=0.003). A significant but
weak correlation was observed between height and body mass index (r=-0.374; p=0.001). While
weak and non-significant correlation was observed between height and waist circumference
(r=0.102; p=0.314), hip circumference (r=0.001; p=0.998), and waist-to-hip ratio (r=0.089;
p=0.376).

A significant but weak correlation was observed between waist circumference and hip
circumference (r=0.433; p=0.001), body mass index (r=0.492; p=0.001), and waist-to-hip ratio
(r=0.479; p=0.001). A significant but weak correlation was observed between hip circumference
and body mass index (r=0.197; p=0.049) and waist-to-hip ratio (r=-0.551; p=0.001). A significant
but weak correlation was also observed between body mass index and waist-to-hip ratio (r=0.235;
p=0.018).

Table 7 explains the gender-based chi-square test of association in health risk classification using
the WHR between male and female subjects in the studied population. Females with a lower health

risk were more predominant than males with 70% and males with a higher health risk were more
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predominant than the females with 40%. A statistically significant difference was observed in the
distribution of the health risk classification between males and females (p=0.045).

Table 1. Distribution of Body Mass Index classification of the studied population

Body Mass Index classification Frequency (%)

Severely underweight 5 (5.0)
Underweight 3(3.0)

Normal 27 (27.0)

Overweight 24 (24.0)

Obese Class | 19 (19.0)

Obese Class 11 13 (13.0)
Obese Class I 9(9.0)

Table 2. Descriptive statistics of measured variables in the studied population.

Variables N Minimum Maximum Mean Standard Deviation
Weight (kg) 100 43.00 140.00 90.36 22.89
Height (m) 100 1.37 2.08 1.78 0.15
WC (cm) 100 23.50 125.00 77.96 18.14
HC (cm) 100 24.50 121.30 89.16 20.84
BMI (kg/m?) 100 13.99 45.82 28.78 7.72
WHR 100 0.51 2.05 0.91 0.28

N = Number of participants

Table 3. Descriptive statistics of measured variables based on gender in the studied population.

Gender Variables N Minimum  Maximum Mean Standard Deviation
Female Weight (kg) 50 43.00 140.00 80.78 25.02
Height (m) 50 1.37 2.08 1.75 0.15
WC (cm) 50 23.50 99.10 72.13 16.82
HC (cm) 50 24.50 121.30 94.22 20.83
BMI (kg/m?) 50 13.99 45.82 26.56 8.23
WHR 50 0.51 1.41 0.77 0.13
Male Weight (kg) 50 73.00 140.00 99.94 15.67
Height (m) 50 1.54 2.03 1.81 0.14
WC (cm) 50 53.00 125.00 83.79 17.68
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HC (cm) 50 50.80 115.70 84.11 19.79
BMI (kg/m?) 50 20.11 44.65 30.99 6.55
WHR 50 0.59 2.05 1.04 0.32

N = Number of participants

Table 4. T-test inferential statistics of the observed variables based on gender in the studied population.

Variables Gender N Mean Standard t df P-value
Deviation
Weight (Kg) Female 50 80.78 25.020 -4.589 98 0.001
Male 50 99.94 15.672
Height (m) Female 50 1.7464 0.14679 -2.049 98 0.043
Male 50 1.8060 0.14404
WC (cm) Female 50 72.1342 16.81653 -3.378 98 0.001
Male 50 83.7886 17.67845
HC (cm) Female 50 94.2150 20.82454 2.488 98 0.015
Male 50 84.1068 19.78919
BMI (kg/m?) Female 50 26.5642 8.22490 -2.979 98 0.004
Male 50 30.9920 6.54558
WHR Female 50 0.7696 0.13189 -0.562 98 0.001
Male 50 1.0394 0.31661

N = Number of participants, df = degree of freedom

Table 5. Gender-based Chi-square test of association in the BMI health risk classification in the studied

population
Body Mass Index classification Gender Chi- df p-value
Female Male square
Severely underweight 5 (10.0%) - 12.475 6 0.052 (NS)
Underweight 3 (6.0%) -

Normal
Overweight
Obese Class |
Obese Class II

Obese Class Il

16 (32.0%)
11 (22.0%)
6 (12.0%)
5 (10.0%)

4 (8.0%)

11 (22.0%)
13 (26.0%)
13 (26.0%)
8 (16.0%)

5 (10%.0)

(NS = Not Significant)
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Weight Height WC (cm) HC (cm) BMI WHR
(Ko) (m) (kg/m?)
Weight Pearson 1 0.263" 0.580™ 0.207" 0.786" 0.298™
(Kg) Correlation
Sig. (2- 0.008 0.001 0.039 0.001 0.003
tailed)
N 100 100 100 100 100 100
Height Pearson 0.263" 1 0.102 0.001 0.374™ 0.089
(m) Correlation
Sig. (2- 0.008 0.314 0.998 0.001 0.376
tailed)
N 100 100 100 100 100 100
WC (cm) Pearson 0.580™ 0.102 1 0.433™ 0.492™ 0.479™
Correlation
Sig. (2- 0.001 0.314 0.001 0.001 0.001
tailed)
N 100 100 100 100 100 100
HC (cm) Pearson 0.207" 0.001 0.433" 1 0.197" 0.551"
Correlation
Sig. (2- 0.039 0.998 0.001 0.049 0.001
tailed)
N 100 100 100 100 100 100
BMI Pearson 0.786" -0.374™ 0.492" 0.197" 1 0.235"
(kg/m?) Correlation
Sig. (2- 0.001 0.001 0.001 0.049 0.018
tailed)
N 100 100 100 100 100 100
WHR Pearson 0.298™ 0.089 0.479™ -0.551" 0.235" 1
Correlation
Sig. (2- 0.003 0.376 0.001 0.001 0.018
tailed)
N 100 100 100 100 100 100

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).
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Table 7. Gender-based Chi-square test of association in the WHR health risk classification in the studied

population

Health Risk Classification Gender Chi- df  p-value

Female Male square

Low (Female: <0.80; Male <0.90) 35 (70.0%) 27 (54.0%)  6.205 2  0.045

Moderate (Female: 0.80 — 0.84; 6 (12.0%) 3 (6.0%)
Male: 0.90 — 0.99)
High (Female: >0.85; Male: >1.00) 9 (18.0%) 20 (40.0%)

Discussions

The burden of health risks due to diet and lifestyle habits is a significant global public health
concern 333, Poor diet and unhealthy lifestyle choices contribute to a range of chronic diseases and
conditions that can lead to reduced quality of life, increased healthcare costs, and even premature
death 3%, Examples of the major health risks associated with diet and lifestyle habits include
obesity, cardiovascular diseases, type 2 diabetes, hypertension, etc. The clinical assessments of
health risks using anthropometric approaches involve the systematic measurement of various body
parameters to gather information about an individual's physical health, growth, development, and
nutritional status. These measurements are used to diagnose, monitor, and manage various health
conditions 6%, They can provide awareness of an individual's body composition, including
measures of body fat percentage, muscle mass, and distribution of fat. Parameters like weight-for-
age, height-for-age, weight-for-height, and body mass index (BMI) are used to identify
malnutrition, both under-nutrition and over-nutrition 3% For individuals with chronic health
conditions, such as obesity, diabetes, or cardiovascular disease, clinical anthropometry can be a
valuable tool in assessing disease progression and response to treatment. The current study was
done to understand the possible health risks of selected South-Southern Nigerian students upon the
application of BMI and WHR.

Based on the assessment of health risks from BMI in the sample population of the present study,
those with normal and overweight BMI formed the highest proportions among these undergraduates
27% and 24% respectively while other categories of BMI made up for the lowest proportions
among them. The statement is consistent with global trends in BMI distribution, where individuals
falling within the normal and overweight categories tend to be the majority in many populations.

Research indicates that individuals in these categories generally have a lower risk of various health
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conditions compared to those classified as underweight or obese © 4142, However, it's important to
note that within the overweight category, there can still be varying levels of health risk depending
on factors such as the distribution of fat and overall lifestyle. It is also important to recognize that
BMI distributions can vary based on demographic factors such as age, gender, and ethnicity 4344,
Furthermore, regional or cultural differences may influence the prevalence of different BMI
categories #>-*6, While having a normal or overweight BMI might indicate a lower immediate risk of
health problems, it does not necessarily guarantee long-term health. Lifestyle choices, such as diet
and exercise, play a significant role in overall health and should be considered in conjunction with
BMI.

In trying to explain and compare the descriptive statistics of measured variables between gender
categories in line with related literature, there were significant differences between females and
males in terms of weight, height, waist circumference (WC), hip circumference (HC), BMI, and
waist-to-hip ratio (WHR). The mean BMI values for both females (26.56 kg/m?2) and males (30.99
kg/m?2) suggest that, on average, individuals in both categories fall within the overweight range.
This is consistent with global trends, where a considerable portion of the population, regardless of
gender, is classified as overweight or obese ® %> %6, The mean waist circumference values for
females (72.13 cm) and males (83.79 cm) indicate that, on average, the males have a larger waist
circumference. Elevated waist circumference is associated with an increased risk of metabolic
conditions like diabetes and cardiovascular diseases, as supported by research emphasizing the
importance of central obesity as a predictor of health risks 2*4’. The mean hip circumference values
for females (94.22 cm) and males (84.11 cm) suggest that, on average, females have wider hips.
The mean WHR for females (0.77) indicates a lower risk for central obesity-related health issues,
while the male category's mean WHR (1.04) suggests a higher risk. This aligns with literature
highlighting WHR as a valuable indicator of body fat distribution and associated health risks.

In line with the results of the present study, there was a significant and moderately strong positive
correlation (r=0.580) between weight and waist circumference (WC). This suggests that as weight
increases, WC tends to increase as well & %8, Also, there was a significant and strong positive
correlation (r=0.786) between weight and BMI. This means that as weight increases, BMI also
tends to increase & %50, However, there was a significant but relatively weak positive correlation
(r=0.263) between weight and height, signifying that as weight increases, height tends to increase to
some extent. Furthermore, there was a significant but weak positive correlation (r=0.207) between
weight and hip circumference (HC), implying that as weight increases, HC tends to increase, but the

relationship is not as strong as with WC >, The p-value of 0.039 indicates that this correlation is
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statistically significant. In addition, there is a significant but weak positive correlation (r=0.298)
between weight and waist-to-hip ratio (WHR). This means that as weight increases, the ratio tends
to increase, indicating a potentially higher proportion of abdominal fat & %253, The p-value of 0.003
indicates that this correlation is statistically significant. There is a significant but weak negative
correlation (r=-0.374) between height and BMI. This suggests that as height increases, BMI tends to
decrease.

As shown from the study results, there were significant differences in health risk classifications
between males and females in the studied population when the WHR was considered. This means
that a larger proportion of females (70%) in the study population were classified as having a lower
health risk. This could be due to various factors such as differences in body composition, hormonal
influences, and potentially healthier lifestyle habits. Conversely, among males, a larger percentage
(40%) was classified as having a higher health risk. This could indicate that, on average, males in
the study population had a higher proportion of risk factors associated with health conditions like
obesity, heart disease, and diabetes ® °*%°, This indicates that the observed difference in health risk
distribution between males and females is unlikely to have occurred by chance alone at a p-value of
0.045. The study suggests that there are notable gender differences in health risk distribution %°.
This highlights the importance of considering gender-specific health interventions and tailored
approaches to address specific risk factors.

The limitations of this study would be that due to ethnic differences in body composition and
genetics among racial populations, the health risks that are associated with the limits of BMIs and
WHRs in this study might not be universally appropriate across other racial groups. The sample size
of the study is only a true representation of the undergraduates of Madonna University, Elele, and
not the entire undergraduate population of all Nigerian universities. Conclusion

The current study concludes that both BMI and WHR could significantly be utilized as health risk
predictors of disorders associated with diet and lifestyle habits in the study population.
Understanding the gender differences in the application of these clinical anthropometric variables
can be crucial for public health agencies in South-Southern Nigeria towards the promotion of
healthy lifestyles and management of health disorders associated with abuse of dietary and lifestyle
habits.

These study findings might have implications for public health initiatives on the university campus.
For example, there might be a need for targeted interventions to address issues related to nutrition
and physical activity. It is also important to consider that while BMI is a useful screening tool, it
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does not provide a complete picture of an individual's health. Other factors like muscle mass, body

composition, and metabolic health should also be taken into account.

Acknowledgements
All authors of this research wish to especially thank the participants who contributed highly to the

success of this research.

Conflicts of Interest

There is no form of competing interests that exists among the authors.

Author’s Contributions
All authors contributed to the various components of the study such as research design, collection of
data and its analysis, write-up of the initial and final manuscript, and the submission of the finalized

manuscript

References

1. Santos DA, Dawson JA, Matias CN, Rocha PM, Minderico CS, Allison DB, Silva AM.
Reference values for body composition and anthropometric measurements in athletes. PloS
one. 2014; 9(5):e97846.

2. Madden AM, Smith S. Body composition and morphological assessment of nutritional
status in adults: a review of anthropometric variables. Journal of human nutrition and
dietetics. 2016; 29(1):7-25.

3. Holmes CJ, Racette SB. The utility of body composition assessment in nutrition and
clinical practice: an overview of current methodology. Nutrients. 2021; 13(8): 2493.

4. Alberga AS, Sigal RJ, Goldfield G, Prud'Homme D, Kenny GP. Overweight and obese
teenagers: why is adolescence a critical period? Pediatric obesity. 2012; 7(4):261-273.

5. Thomas DT, Erdman KA, Burke LM. Nutrition and athletic performance. Med Sci Sports
Exerc. 2016; 48(3):543-568.

6. Nuttall FQ. Body mass index: obesity, BMI, and health: a critical review. Nutrition today.
2015; 50(3):117.

7. Huxley R, Mendis S, Zheleznyakov E, Reddy S, Chan J. Body mass index, waist
circumference and waist: hip ratio as predictors of cardiovascular risk—a review of the
literature. European journal of clinical nutrition, 2010; 64(1):16-22.

8. Kivimaki M, Luukkonen R, Batty GD, Ferrie JE, Pentti J, Nyberg ST, Jokela M. Body
mass index and risk of dementia: analysis of individual-level data from 1.3 million
individuals. Alzheimer's & Dementia. 2018; 14(5):601-609.

9. Uzogara SG. Underweight, the less discussed type of unhealthy weight and its implications:
a review. American Journal of Food Science and Nutrition Research. 2016; 3(5):126-142.

12



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

O. M. ADHEKE et. al. / International Archives of Medical Research

Khan J, Chattopadhyay A, Shaw S. Assessment of nutritional status using anthropometric
index among older adult and elderly population in India. Scientific Reports.
2023; 13(1):13015.

Piché ME, Poirier P, Lemieux I, Després JP. Overview of epidemiology and contribution
of obesity and body fat distribution to cardiovascular disease: an update. Progress in
cardiovascular diseases. 2018; 61(2):103-113.

De Lorenzo A, Gratteri S, Gualtieri P, Cammarano A, Bertucci P, Di Renzo L. Why
primary obesity is a disease? Journal of translational medicine, 2019; 17:1-13.

Mohajan D, Mohajan HK. Obesity and Its Related Diseases: A New Escalating Alarming
in Global Health. Journal of Innovations in Medical Research. 2023; 2(3):12-23.

Uzogara SG. Obesity epidemic, medical and quality of life consequences: a review. Int J
Public Health Res. 2017; 5(1):1.

Puhl RM, Heuer CA. Obesity stigma: important considerations for public health. American
journal of public health. 2010; 100(6):1019-28.

Golubnitschaja O, Liskova A, Koklesova L, Samec M, Biringer K, Busselberg D,
Kubatka P. Caution,“normal” BMI: health risks associated with potentially masked
individual underweight—EPMA Position Paper 2021. EPMA Journal, 2021; 12(3):243-264.
Talumaa B, Brown A, Batterham RL, Kalea AZ. Effective strategies in ending weight
stigma in healthcare. Obesity Reviews. 2022; 23(10):e13494.

Oladipo GS, Osaat RS, Orluwene CG, Suleman YA. Body mass index and waist-to-hip
ratio among adults of Obowo nationality in Imo state, Nigeria. International Journal of
Basic, Applied and Innovative Research. 2012; 1(4):138-144.

Zaslavsky O, Rillamas-Sun E, LaCroix AZ, Woods NF, Tinker LF, Zisberg A, Zelber-
Sagi S. Association between anthropometric measures and long-term survival in frail older
women: Observations from the Women's Health Initiative Study. Journal of the American
Geriatrics Society. 2016; 64(2), 277-284.

Andreasson A, Carlsson AC, Onnerhag K, Hagstrom H. Waist/hip ratio better predicts
development of severe liver disease within 20 years than body mass index: a population-
based cohort study. Clinical Gastroenterology and Hepatology. 2017; 15(8):1294-1301.

Bi X, Tey SL, Leong C, Quek R, Loo YT, Henry CJ. Correlation of adiposity indices with
cardiovascular disease risk factors in healthy adults of Singapore: a cross-sectional
study. BMC obesity. 2016; 3(1):1-7.

Koliaki C, Liatis S, Kokkinos A. Obesity and cardiovascular disease: revisiting an old
relationship. Metabolism. 2019; 92:98-107.

Segula D. Complications of obesity in adults: a short review of the literature. Malawi
Medical Journal. 2014; 26(1):20-24.

Després JP. Body fat distribution and risk of cardiovascular disease: an update. Circulation.
2012; 126(10):1301-13.

Bastien M, Poirier P, Lemieux I, Després JP. Overview of epidemiology and contribution
of obesity to cardiovascular disease. Progress in cardiovascular diseases. 2014; 56(4):369-
381.

Kim SH, Després JP, Koh KK. Obesity and -cardiovascular disease: friend or
foe? European heart journal. 2016; 37(48):3560-3568.

13



217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

O. M. ADHEKE et. al. / International Archives of Medical Research

Gutin 1. In BMI we trust: reframing the body mass index as a measure of health. Social
Theory & Health. 2018; 16:256-271.

Canoy D. Coronary heart disease and body fat distribution. Current atherosclerosis reports.
2010; 12:125-133.

Llewellyn A, Simmonds M, Owen CG, Woolacott N. Childhood obesity as a predictor of
morbidity in adulthood: a systematic review and meta-analysis. Obesity reviews.
2016; 17(1):56-67.

Ghazali SM, Sanusi RA. Waist circumference, waist to hip ratio, and body mass index in
the diagnosis of metabolic syndrome in Nigerian subjects. Nigerian Journal of Physiological
Sciences. 2010; 25(2):187-195.

Budreviciute A, Damiati S, Sabir DK, Onder K, Schuller-Goetzburg P, Plakys G,
Kodzius R. Management and prevention strategies for non-communicable diseases (NCDs)
and their risk factors. Frontiers in public health. 2020; 8:788.

Idris 10, Oguntade AS, Mensah EA, Kitamura N. Prevalence of non-communicable
diseases and its risk factors among ljegun-Isheri Osun residents in Lagos State, Nigeria: a
community based cross-sectional study. BMC Public Health. 2020; 20:1-10.

Olufayo OE, Ajayi 10, Ngene SO. Clustering of cardiovascular disease risk factors among
first-year students at the University of Ibadan, Nigeria: a cross-sectional study. Sao Paulo
Medical Journal. 2022; 141:98-106.

Bluher M. Obesity: global epidemiology and pathogenesis. Nature Reviews Endocrinology.
2019; 15(5):288-298.

Skou ST, Mair FS, Fortin M, Guthrie B, Nunes BP, Miranda JJ, Smith SM.
Multimorbidity. Nature Reviews Disease Primers. 2022; 8(1):48.

Hume PA, Ackland T. Physical and clinical assessment of nutritional status. In Nutrition in
the prevention and treatment of disease (pp. 71-84). Academic Press, 2017.

Larson-Meyer DE., Woolf K, Burke L. Assessment of nutrient status in athletes and the
need for supplementation. International journal of sport nutrition and exercise metabolism.
2018; 28(2):139-158.

Reber E, Gomes F, Vasiloglou MF, Schuetz P, Stanga Z. Nutritional risk screening and
assessment. Journal of clinical medicine. 2019; 8(7):1065.

Senbanjo 10, Senbanjo CO, Afolabi WA, Olayiwola 10. Co-existence of maternal
overweight and obesity with childhood undernutrition in rural and urban communities of
Lagos State, Nigeria. Acta Bio Medica: Atenei Parmensis. 2019; 90(3):266.

Dukhi N. Global prevalence of malnutrition: evidence from literature. Malnutrition. 2020;
1:1-16.

James PT. Obesity: the worldwide epidemic. Clinics in Dermatology. 2004; 22(4):276-280.
Bhaskaran K, dos-Santos-Silva I, Leon DA, Douglas 1J, Smeeth L. Association of BMI
with overall and cause-specific mortality: a population-based cohort study of 3- 6 million
adults in the UK. The Lancet Diabetes & Endocrinology. 2018; 6(12):944-953.

Zhang Q, Wang Y. Socioeconomic inequality of obesity in the United States: do gender,
age, and ethnicity matter? Social Science & Medicine. 2004; 58(6):1171-80.

Ogden CL, Yanovski SZ, Carroll MD, Flegal KM. The epidemiology of
obesity. Gastroenterology. 2007; 132(6):2087-2102.

14



45.

46.

47.

48.

49.

50.

ol.

52.

53.

54,

55.

56.

O. M. ADHEKE et. al. / International Archives of Medical Research

Al-Nakeeb Y, Lyons M, Collins P, Al-Nuaim A, Al-Hazzaa H, Duncan MJ, Nevill A.
Obesity, physical activity and sedentary behavior amongst British and Saudi youth: A cross-
cultural study. International Journal of Environmental Research and Public Health.
2012; 9(4):1490-1506.

Kanter R, Caballero B. Global gender disparities in obesity: a review. Advances in
Nutrition. 2012; 3(4):491-498.

Piché ME, Tchernof A, Després JP. Obesity phenotypes, diabetes, and cardiovascular
diseases. Circulation research. 2020; 126(11):1477-1500.

Cois A, Day C. Obesity trends and risk factors in the South African adult population. BMC
obesity. 2015; 2:1-10.

Robinson E. Overweight but unseen: a review of the underestimation of weight status and a
visual normalization theory. Obesity Reviews. 2017; 18(10):1200-1209.

James WPT. Obesity: a global public health challenge. Clinical chemistry. 2018; 64(1):24-
29.

Mlodzik-Czyzewska MA, Malinowska AM, Chmurzynska A. Low folate intake and
serum levels are associated with higher body mass index and abdominal fat accumulation: a
case control study. Nutrition Journal. 2020; 19(1):1-8.

Zabarsky G, Beek C, Hagman E, Pierpont B, Caprio S, Weiss R. Impact of severe
obesity on cardiovascular risk factors in youth. The Journal of pediatrics. 2018; 192:105-
114.

Beaudry KM, Ludwa IA., Thomas AM, Ward WE, Falk B, Josse AR. First-year university
is associated with greater body weight, body composition and adverse dietary changes in
males than females. PloS one. 2019; 14(7):e0218554.

Al-Safi ZA, Polotsky AJ. Obesity and menopause. Best Practice & Research Clinical
Obstetrics & Gynaecology. 2015; 29(4):548-553.

Ekingen T, Sob C, Hartmann C, Rdhli FJ, Matthes KL, Staub K, Bender N.
Associations between hydration status, body composition, sociodemographic and lifestyle
factors in the general population: a cross-sectional study. BMC Public Health.
2022; 22(1):900.

Asiwe N, Irozulike FC, Wariboko LI, Adheke OM. Health Assessment of the Ikwerres
and Okrikas Ethnic Group of Rivers State, Nigeria: Using Body Mass Index and Waist-to-
Hip Ratio. Journal of Complementary and Alternative Medical Research. 2023; 23(2):27-35.

15



