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ABSTRACT

Background: The current definition of obesity implies a rise in total body fat, which may only be evaluated through an examination
of body composition. Body Mass Index (BMI) cannot detect percent body fat (BF %) effectively, prompting the need for novel, simple,
affordable, and resource-constrained methods of body fat assessment and measurement.

Objective: To determine the correlation of BMI and BF % estimated by BIA in children of Karachi

Methods: This cross-sectional study was performed in a school located in Karachi. The study was conducted from January to April
2023. The permission to conduct this study was taken from the National Institute of Child Health and School Administration. Healthy
children of age 6-15 years of either gender were enrolled in this study.

Results: Total 132 children were studied with a mean age of 10.8 £ 2.5 years. The age range was 6-15 years. There was almost
equal representation of both gender with 50.8% males and 49.2% females. Median weight, height, BMI, and BF% of study subjects
were 30.5 (IQR=23.4-42.4) Kg, 139.5 (IQR=128-153) cm, 15.4 (IQR=13.8-17.6) Kg/m2 and 10.2 (IQR=6.1-16.7) % respectively. A
significant strong positive correlation was seen for overall data (rs=0.645, p<0.001). Out of 132 observations, concordance between
BMI and BF% was seen in 46.2% of observations yielding a weighted agreement of 0.2961 which was significant (p<0.001).

Conclusion: This study analyzed that there was a strong positive correlation between the two body measures. However, the
classification in terms of BMI and BF% ranges showed a difference for the same individual with slight agreement. The finding for the

Pakistani population should be validated in a larger study.
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INTRODUCTION

Overweight and obesity (OW/OB) in children are
complicated public health issues that affect the majority
of industrialized countries globally [1]. They are impacted
by genetics, biology, psychosocial factors, and health
behaviours. Over 340 million people between the ages
of 5 and 19 years and 41 million children below 5 years of
age are thought to be overweight/obese [2, 3]. Rates of
paediatric overweight and obesity have recently begun to
climb substantially in certain developing nations, despite
long being thought to be a problem affecting exclusively
industrialized countries [4]. With over half of OW/OB in
children under 5 occurring in Asia, prevalence is rising
most rapidly in low and middle-income countries [1, 4].

Childhood OW/OB has substantial repercussions
that may be short-term or long-term. Short-term
repercussions including psychological comorbidities
asthma, and low-grade systemic inflammation are more
prevalentin OW/OB children. Additionally, cardiovascular
and metabolic determinants are more prevalent in kids
with OW/OB. Long-term risk factors for cardiovascular
and musculoskeletal issues and diabetes, in adulthood
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that may lead to disability and premature death include
being overweight or obese as a kid [5-8]. Overweight
and obesity are linked to 3.8% of Disability Adjusted Life
Years and 3.4 million deaths globally [9].

The cause of childhood OW/OB is excessive calorie
intake followed by excessive gain in mass and body
fat. Body mass index (BMI), which reflects weight that
is acceptable for height in both adults and children, is
the most often used indicator of obesity. BMI has been
regarded as a conventional tool for anthropometry
measurement due to its simplicity, affordability, and ease
of use [10, 11]. The weight component of BMI has drawn
criticism because it does not discriminate extra fat,
muscle, or bone mass, nor does it depict fat distribution
in the human body. Thus, while being a frequently used
proxy for body fat and obesity in healthy young people,
BMI1% has been found to characterize body composition
incorrectly in a variety of populations, even in healthy
young people [12, 13].

The current definition of obesity implies a rise in total
body fat percentage (BF%), which may only be evaluated
through an examination of body composition. The need
for novel methods for the detection and measurement
of body fat that would be simple, affordable, and
practical to employ in resource-constrained locations
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Table 1: Body mass index z-score and Body fat percentage classification.

Body Mass Index Z-Score Z-Score Threshold Values Body Fat Percentage A Fat Percentage Threshold
Classification Classification Value
Underweight <15th percentile Under fat <2nd percentile
Healthy weight 15th-85th percentile Healthy fay 3rd-84th percentile
Overweight 86th-95th percentile Overfat 85th-94th percentile
Obese >95th percentile Obese 295th percentile

as well as in epidemiological research resulted from
BMTI’s failure to reliably identify and measure body fat.
Skin-fold caliper measurement, underwater weighing
(densitometry), dual-energy X-ray absorptiometry,
near-infrared reactance, magnetic resonance imaging,
and bio-electrical impedance analysis (BIA) are a few
alternative methods for determining excessive body fat
deposits [14].

The BlAis a straightforward, inexpensive, non-invasive,
and portable approach that has the potential to be used
in field situations and is known to offer a quick and
reasonably accurate evaluation of body composition [15].
Avariety of reference methods, including air displacement
plethysmography, whole-body water hydrodensitometry,
and dual-energy X-ray absorptiometry have been used
to test the validity of BIA using BF% as the output
variable [16]. Even the link between BMI and BF% has
been defined as either linear or curved by some [17,
18]. Furthermore, studies on this topic from Pakistan are
uncommon. Because of this, it is crucial to assess the
Pakistani population, that's why we designed this study
intending to identify the relationship of BMI with BF%
calculated through BIA in Karachi children.

METHODOLOGY

This cross-sectional study was commenced with ethical
approval of the National Institute of Child Health,
Karachi, Pakistan from January to April 2023. The
study was performed in a school located near NICH.
The nearby school was chosen due to the ease of
researchers for data collection (weak point). Permission
was also taken from hospital administration before the
study commencement. Healthy children of age 6-15
years of either gender were included in the study.
Children with any known disease, dehydration, nausea
vomiting, mental illness, and those who are unwilling to
participate were excluded from this study. The sample
was estimated using PASS version 11. A correlation of
0.7 between BMI and BF% was taken from a previous
study [19], power was 95% and confidence level was
95% vyielded a sample of 13 children. Non-probability
convenience sampling technique was used to enlist
study subjects. All of the study subjects were enrolled
between 11:00 a.m. to 11:30 a.m. during their lunch
break and it was made sure that children did not have
lunch before the study enroliment.

Parents of children were also contacted through phone
calls for taking the history of children to labelling them as
healthy. Recent history of doctor visits during the previous
7 days to one month because of viral fever or any other

complaint was considered as criteria to label unhealthy
children. Moreover, parents were asked about weight
loss history or other psychological disorders to confirm
that child was healthy and free from any disease. Body
weight and height were measured with the standard
protocol using an electronic weight machine and
stadiometer respectively. Using a stadiometer, height
was calculated to the nearest 0.1 cm. The weight was
measured with a digital weighing scale to the closest 0.1
kg. Weight (in kilograms) divided by height (in meters
squared) was used to compute BMI. The WHO 2007
reference for BMI for children aged 5 to 19 (z-score) was
utilized, and it was age- and sex-specific. Subjects were
classified as being underweight, normal, overweight,
or obese depending on whether their z-score fell within
the 15", 15" to 85™, 86" to 95™, or >95™ percentile [20].
Using commercially available equipment RMH2011 that
was calibrated with an accuracy of 5-50%, total body
fat percentage (BF%) was calculated. The total body
impedance value and the subject’s pre-entered personal
information (age, gender, height, and weight) were used
to calculate the subject’s body fat percentage (BF%).
The closest 0.1% of the BF% was estimated. McCarthy
percentile values of BF% were used to categorize
BF% into four categories: under-fat, normal, over-fat,
and obese [21]. BMI z-score and BF% classification is
presented in Table 1.

STATA (version 14) was used to enter data and perform
statistical analysis. Frequencies and percentages were
reported for categorical variables. Normality assumption
was first assessed for numerical variables using the
Shapiro-Wilk test. Non-normal variables were expressed
as median with inter-quartile range (IQR). Spearman
rank correlation was applied to evaluate the relationship
between BMI and BF%. The weighted Kappa agreement
test was statistically used to assess the degree to which
the BMI and BF % classification had concordance. Kappa
of the strength of 0, 0-0.20, 0.21-0.40, 0.41-0.60, 0.61-
0.80, and 0.81-1.0 was considered as poor, slight, fair,
moderate, significant, and virtually excellent respectively
[22]. At p=0.05, statistical significance was considered to
be present.

RESULTS

Socio-demographic and Anthropometric Profile of
Study Subjects

A total of 132 children were studied with a mean age of
10.8 + 2.5 years. The age range was 6-15 years. There
was almost equal representation of both gender with
50.8% males and 49.2% females. Median weight, height,
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Table 2: Summary of socio-demographics and anthropometric
measures.

Table 4: Correlation of body mass index and body fat index.

All of the data is expressed as median with inter-quartile range,
*Significant at p<0.05 level, **Significant at p<0.01 level.

BMI, and BF% of study subjects were 30.5 (IQR=23.4-
42.4) Kg, 139.5 (IQR=128-153) cm, 15.4 (IQR=13.8-
17.6) Kg/m2 and 10.2 (IQR=6.1-16.7) % respectively.
Table 2 displays a summary of socio-demographics and
anthropometric measures.

Table 3 shows a comparison of age, BMI, and body
fat among male and female children. The two genders
differed based on age (p=0.005), weight (p=0.015), and
body fat (p<0.001).

Correlation of BMI and BF%

Table 4 represents the correlation of BMI with body
fat. A significant strong positive correlation was seen
for overall data (rs=0.645, p<0.001). Fig. (1) depicts
a scatter plot of BMI and BF. The correlation was

Variables Correlation (r) p-value
Variables Frequency (%) Overall 0.645 **<0.001
Age categories Age categories
6-9 years 43 (32.6) 6-9 years 0.555 **<0.001
10 years and above 89 (67.4) 10 years and above 0.681 **<0.001
Gender Gender
Male 67 (50.8) Male 0.703 **<0.001
Female 65 (49.2) Female 0.804 **<0.001
Body mass index Table 5: A . ¢
Underweight 38 (28.8) able 5: Agreement between body mass index and body fat range.
Healthy weight 81(61.4) Body Mass Index
Overweight 10 (7.6) Body fat |Underweight| Normal |Overweight| Obese | Total
Obese 3(2.3) n(%) n(%) n(%) n(%)
Body fat Low 36 (27.3) |58 (43.9)| 2(1.5) 0(0) |96 (72.7)
Under fat 96 (72.7) Normal 2(1.5) 20(15.2) 4 (3) 0(0) |26 (19.7)
Healthy fat 26 (19.7) High 0(0) 3(23) 4(3) [2(1.5)| 9(6.8)
Overfat 9(6.8) Very high 0(0) 0(0) 0(0) 1(0.8)| 1(0.8)
Obese 1(0.8) Total 38(28.8) |[81(61.4)| 10(7.6) |3(2.3)[132(100)
] ] ] All of the data is expressed as n (%).
Table 3: Comparison of age and anthropometric profile among males L .
and females. significantly moderate and positive for the age group 6-9
_ < S
Study variables Male Female p-value years (rs 0'5".55’ P 0:901) wher?as a strong significant
; correlation with positive direction was seen for the
Age (in years) 12 (9-14) 11 (9-12) 0.005
. age group 10 years and above (rs=0.681, p<0.001).
Weight (Kg) 28.2 (21.5-43.9)|31.3 (26.2-40.1) 0.296
- - Among males, BF and BMI were found to be correlated
Height (cm) 131 (123-156) | 142 (133-150) 0.015 ianificantly with a st i it -0.703
BMI (kg/m2) | 15.6 (14.3-17.4)| 154 (13.6-183)| 0419 SE’SIOIS?” X‘W' afs ronlg pOtSrI] e asslo?a 'OS (trs— ' BF
Body fat (%) | 7.4 (4.8-11.1) | 14(9.9206) | **<0.001 p<0.001). Among females, the correlation between

and BMI was significantly very strong and positive.

Agreement between BMI and BF%

Table 5 exhibits agreement between BMI and BF%
ranges. Out of 132 observations, concordance was seen
in 46.2% of observations yielding a slight agreement of
(k=0.2961, p<0.001).

DISCUSSION

Our study’s major goal was to comprehend the
connection between Pakistani children’s BMI and
BF% (calculated using BIA). Numerous ethnic groups,
notably in Western nations, have been researched in
connection to the association between BMI and BF%.
Asian children’s bodies differ from those of other ethnic
groups, including Black, Mongolians, and Caucasians.
Since it has been observed that at the same level of
obesity as determined by BMI, the population of South
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Fig. (1): Scatter plot of body mass index and body fat.
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Asians may have a substantially higher BF% than that
of other ethnic groups, it is necessary to comprehend
the link of BMI with BF% in native Pakistani children.
To the best of our knowledge, very few studies from
Pakistan and other Asian countries have been published
to address this research question.

In diverse populations, earlier research has shown
a favorable association between BMI and BF% [23-
25]. This study also supports the use of BIA to show
a robust, positive connection between BMI and BF%.
In a study done among 10-14 years children of India,
a considerable correlation in a positive direction was
observed between BMl and BF% (r=0.70 and P <0.001)
[19]. A study from South Africa separately assessed the
correlation for each age group from 7-13 years and it
was demonstrated there was a moderate to strong
positive correlation of BMI with BF% for all age groups
(r>0.5) except for 8 years old children [24]. Another larger
study investigating the correlation between BMI and
BF% among 9-11 years children belonging to different
countries including Australia, Brazil, Canada, China,
Colombia, Finland, India, Kenya, Portugal, South Africa,
the United Kingdom, and the United States, reported
that correlation between BMI and BF% was ranging from
0.76 to 0.96 concerning children belonging to different
countries [25]. Besides children and adolescent age
groups, BMI and BF% relationship has also been studied
among adults in different parts of countries which also
reported results in line with our study [26-29].

Anthropometric measurements of child growth serve
as a stand-in for changes in body composition [30]. A
confluence of behavioural, genetic, and environmental
factors causes changes in body composition with age [31,
32]. This study demonstrated that magnitude of BMI and
BF % correlation was higher among children who were 10
years and above than children of age 6-9 years whereas
direction was positive for both of the groups. Van Gent
M et al. also found the influence of age on correlation as
it was reported that BMI and BF% percent correlation
was lower for 7 years (r=0.69) and 8 years children
(r=0.45) whereas it was higher for children of age 9-12
years ranging from 0.71 to 0.77 [24]. Urrutia et al. also
[33] reported that the relationship between BMI and BF%
was higher for school children and adolescents than
in pre-schoolers both male and female gender. Even
the study conducted on adults also analyzed that age
was a significant predictor of the relationship between
BMI and BF% and it also showed that the correlation
magnitude between two measures was increasing with
increasing age [26]. Vanderwall et al. [27] also reported
in their study that BMI z-score was a weak to moderate
predictor of total fat mass and BF% among children of
age <9 years.

Including age, another significant non-modifiable factor
in the development of body fat in humans is gender [34].
In fact, during the first trimester of pregnancy, gender
disparities in body size can be seen [35]. There has

been growing evidence over the past 20 years that sex
differences in body composition can be seen before
puberty [36]. In this study, we also found a difference
in correlation between males and females with a higher
correlation for females. This finding was consistent with
another similar study from China which reported that
females had a better correlation between BMI and BF%
comparedtotheirmale counterparts [37]. Urrutia etal. also
demonstrated that the linear relationship of two adiposity
measures was stronger in females (R2=0.77) than
in boys (R2=0.72) [32]. Akindele et al. [26] reported
a positive and strong correlation both for males and
females but the magnitude was higher for females than
males (0.89 versus 0.83).

In this study, although a positive relationship was seen
there was disagreement in the classification of subjects
based on BMI and BF% ranges. Using BMI, the majority
were labelled as normal weight whereas the majority
were identified to have low fat when BF% criteria were
applied. The overall concordance was seen on only
46.2% of observations while the agreement level was
slight. The lower concordance is alarming and raised
a question on the accuracy of BMI as a measure of
BF%. This finding is in line with the analysis of van
Gent M et al. who found poor to moderate agreement
for children of age 7-13 years old. Boys aged 7 to 11
presented with a weak measure of agreement (k
=-0.26), while boys aged 9 to 11 presented with a weak
measure of agreement (k= 0.11 to 0.18). The boys aged
12 and 13 displayed reasonable levels of agreement (k
= 0.22 to0 0.30). The eight-year-old boys had the highest
level of agreement (k=0.57), which was nevertheless
categorized as a moderate level of agreement [24]. A
lower agreement rate between BMI and BF% was also
found in a similar Saudi-based study with a kappa of
0.48 and 0.24 for boys and girls respectively [38].

This study was conducted on a limited sample size from
a single school in Karachi. Moreover, anthropometry
measures besides height and weight including waist and
neck circumference, waist-to-hip ratio, and mid-upper
arm circumference were not observed in this study.
Further studies with larger sample sizes are necessary
to be conducted using a nationally represented sample
to confirm the results of the study.

CONCLUSION

This study analyzed that there was a strong positive
correlation between the two body measures. However,
the classification in terms of BMI and BF% ranges
showed a difference for the same individual with slight
agreement. The finding for the Pakistani population
should be validated in a larger study.

ETHICAL APPROVAL

Ethical approval was obtained from the Institutional
Ethical Review Board (IERB) of the National Institute
of Child Health (NICH), Karachi (REF letter No. IERB-

122

Liaquat National Journal of Primary Care 2024; 6(2): 119-124



Correlation between Body Mass Index and Percent Body Fat Estimated by Bio-Electrical Impedance Analysis in Children of Karachi

35/2022). All procedures performed in studies involving
human participants were following the ethical standards
of the institutional and/ or national research committee
and with the Helsinki Declaration.

CONSENT FOR PUBLICATION

Online informed consent was taken from survey
respondents.

AVAILABILITY OF DATA

The data set may be acquired from the corresponding
author upon a reasonable request.

FUNDING
Declared none.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ACKNOWLEDGEMENTS

We acknowledge the Human Resources Department of
the hospital for providing their continuous support.

AUTHORS’ CONTRIBUTION

IS conceptualized the study. MNI designed the study
protocol. SA and VRR were involved in data cleaning,
analysis, result writing, and interpretation. IS and VRR
prepared the initial draft of the manuscript. MNI provided
constructive criticism and updated the original copy. The
manuscript was reviewed and approved by all authors.

REFERENCES

1. Smith JD, Fu E, Kobayashi MA. Prevention and Management of
Childhood Obesity and Its Psychological and Health Comorbidities.
Annu Rev Clin Psychol 2020; 16: 351-78. DOI: https://doi.
org/10.1146%2Fannurev-clinpsy-100219-060201

2. World Health Organization. Overweight and obesity. Geneva:
World Health Organization; 2018 [cited 2023 April 2]. Available
from: http://www.who.int/mediacentre/factsheets/fs311/en/

3. Livingston EH. Reimagining obesity in 2018: a JAMA theme
issue on obesity. JAMA 2018; 319(3): 238-40. DOI: https://doi.
org/10.1001/jama.2017.21779

4. Mead E, Brown T, Rees K, Azevedo LB, Whittaker V, Jones D,
et al. Diet, physical activity, and behavioural interventions for the
treatment of overweight or obese children from the age of 6 to 11
years. Cochrane Database Syst Rev 2017; 6(6): CD012651. DOI:
https://doi.org/10.1002/14651858.cd012651

5. Quek YH, Tam WWS, Zhang MWB, Ho RCM. Exploring the
association between childhood and adolescent obesity and
depression: a meta-analysis. Obes Rev 2017; 18(7): 742-54. DOI:
https://doi.org/10.1111/0br.12535

6. Lang JE, Bunnell HT, Hossain MJ, Wysocki T, Lima JJ, Finkel TH,
et al. Being overweight or obese and the development of asthma.
Pediatrics 2018; 142(6): €20182119. DOI: https://doi.org/10.1542/
peds.2018-2119

7. Pulgaron ER, Delamater AM. Obesity and type 2 diabetes in
children: epidemiology and treatment. Curr Diab Rep 2014; 14(8):
508. DOI: https://doi.org/10.1007%2Fs11892-014-0508-y

8. Di Cesare M, Sori¢ M, Bovet P, Miranda JJ, Bhutta Z, Stevens
GA, et al. The epidemiological burden of obesity in childhood:
a worldwide epidemic requiring urgent action. BMC Med 2019;
17(1): 212. DOI: https://doi.org/10.1186/s12916-019-1449-8

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani
H, et al. A comparative risk assessment of burden of disease and
injury attributable to 67 risk factors and risk factor clusters in 21
regions, 1990-2010: A systematic analysis for the global burden
of disease study 2010. Lancet 2012; 380(9859): 2224-60. DOI:
https://doi.org/10.1016/s0140-6736(12)61766-8

Pietrobelli A, Faith MS, Allison DB, Gallagher D, Chiumello G,
Heymsfield SB. Body mass index as a measure of adiposity among
children and adolescents: a validation study. J Pediatr 1998; 132(2):
204-10. DOI: https://doi.org/10.1016/s0022-3476(98)70433-0

Lindsay RS, Hanson RL, Roumain J, Ravussin E, Knowler
WC, Tataranni PA. Body mass index as a measure of adiposity
in children and young adults: relationship to adiposity by dual
energy X-ray absorptiometry and to cardiovascular risk factors.
J Clin Endocrinol Metab 2001; 86(9): 4061-7. DOI: https://doi.
org/10.1210/jcem.86.9.7760

Laurson KR, Eisenmann JC, Welk GJ. Body mass index standards
based on agreement with health-related body fat. Am J Prev
Med 2011; 41(4 Suppl 2): S100-5. DOI: https://doi.org/10.1016/j.
amepre.2011.07.004

Daniels SR, Khoury PR, Morrison JA. The utility of body mass
index as a measure of body fatness in children and adolescents:
differences by race and gender. Pediatrics 1997; 99(6): 804-7.
DOI: https://doi.org/10.1542/peds.99.6.804

Wattanapenpaiboon N, Lukito W, Strauss BJ, Hsu-Hage BH,
Wahlgvist ML, Stroud DB. Agreement of skinfold measurement
and bioelectrical impedance analysis (BIA) methods with dual
energy X-ray absorptiometry (DEXA) in estimating total body fat
in Anglo-Celtic Australians. Int J Obes Relat Metab Disord 1998;
22(9): 854-60. DOI: https://doi.org/10.1038/s;.ij0.0800672

Sharma AM. Obesity and cardiovascular risk. Growth Horm IGF
Res 2003; 13 Suppl A: S10-17. DOI: https://doi.org/10.1016/
$1096-6374(03)00047-9

Meeuwsen S, Horgan GW, Elia M. The relationship between
BMI and percent body fat, measured by bioelectrical impedance,
in a large adult sample is curvilinear and influenced by age and
sex. Clin Nutr 2010; 29(5): 560-6. DOI: https://doi.org/10.1016/].
¢lnu.2009.12.011

Jackson AS, Stanforth PR, Gagnon J, Rankinen T, Leon AS, Rao
DC, et al. The effect of sex, age and race on estimating percentage
body fat from body mass index: the heritage family study. Int J
Obes Relat Metab Disord 2002; 26(6): 789-96. DOI: https://doi.
org/10.1038/s;.ij0.0802006

Gallagher D, Visser M, Sepulveda D, Pierson RN, Harris T,
Heymsfield SB. How useful is body mass index for comparison of
body fatness across age, sex, and ethnic groups? Am J Epidemiol
1996; 143(3): 228-39. DOI: https://doi.org/10.1093/oxfordjournals.
aje.a008733

Saikia D, Ahmed SJ, Saikia H, Sarma R. Body mass index and
body fat percentage in assessing obesity: An analytical study
among the adolescents of Dibrugarh, Assam. Indian J Public
Health 2018; 62(4): 277-281. DOI: https://doi.org/10.4103/ijph.
ijph_24_18

de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann
J. Development of a WHO growth reference for school-aged
children and adolescents. Bull World Health Organ 2007; 85(9):
660-7. DOI: https://doi.org/10.2471/blt.07.043497

McCarthy HD, Cole TJ, Fry T, Jebb SA, Prentice AM. Body fat
reference curves for children. Int J Obes (Lond) 2006; 30(4): 598
602. DOI: https://doi.org/10.1038/sj.ij0.0803232

Viera AJ, Garrett JM. Understanding interobserver agreement: the
kappa statistic. Fam Med 2005; 37(5): 360-3.

Kushner RF. Bioelectrical impedance analysis: a review of
principles and applications. J Am Coll Nutr 1992; 11(2): 199-209.

van Gent M, Pienaar A, Noorbhai H. Comparison of body mass
index and fat percentage criteria classification of 7-13 year-old
rural boys in South Africa. BMC Pediatr 2020; 20(1): 527. DOI:
https://doi.org/10.1186/s12887-020-02419-9

Liaquat National Journal of Primary Care 2024; 6(2): 119-124

123



Ikramullah Shaikh, Mohsina Noor Ibrahim, Saima Batool Afridi, Versha Rani Rai, Shazia Mahar and Roshia Parveen

25.

26.

27.

28.

29.

30.

31.

Katzmarzyk PT, Barreira TV, Broyles ST, Chaput JP, Fogelholm
M, Hu G, et al. Association between body mass index and body
fat in 9-11-year-old children from countries spanning a range of
human development. Int J Obes Suppl 2015; 5(Suppl 2): S43-6.
DOI: https://doi.org/10.1038%2Fijosup.2015.18

Akindele MO, Phillips JS, Igumbor EU. The relationship between
body fat percentage and body mass index in overweight and obese
individuals in an urban African setting. J Public Health Afr 2016;
7(1): 515. DOI: https://doi.org/10.4081/jphia.2016.515

Vanderwall C, Clark RR, Eickhoff J, Carrel AL. BMI is a poor
predictor of adiposity in young overweight and obese children.
BMC Pediatr 2017; 17(1): 135. DOI: https://doi.org/10.1186/
$12887-017-0891-z

Ranasinghe C, Gamage P, Katulanda P, Andraweera N,
Thilakarathne S, Tharanga P. Relationship between Body Mass
Index (BMI) and body fat percentage, estimated by bioelectrical
impedance, in a group of Sri Lankan adults: a cross sectional
study. BMC Public Health 2013; 13: 797. DOI: https://doi.
org/10.1186/1471-2458-13-797

Misra P, Singh AK, Archana S, Lohiya A, Kant S. Relationship
between body mass index and percentage of body fat, estimated
by bio-electrical impedance among adult females in a rural
community of North India: A cross-sectional study. J Postgrad
Med 2019; 65(3): 134-40. DOI: https://doi.org/10.4103/jpgm.
jpgm_218_18

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. DOI: https://doi.
0rg/10.3390/nu13082493

Lakerveld J, Mackenbach J. The upstream determinants of
adult obesity. Obes Facts 2017; 10(3): 216-22. DOI: https://doi.
org/10.1159/000471489

32.

33.

34.

35.

36.

37.

38.

Sahibdeen V, Crowther NJ, Soodyall H, Hendry LM, Munthali RJ,
Hazelhurst S, et al. Genetic variants in SEC16B are associated
with body composition in black South Africans. Nutr Diabetes
2018; 8(1): 43. DOI: https://doi.org/10.1038/s41387-018-0050-0

Costa-Urrutia P, Vizuet-Gamez A, Ramirez-Alcantara M, Guillen-
Gonzéalez MA, Medina-Contreras O, Valdes-Moreno M, et al.
Obesity measured as percent body fat, relationship with body mass
index, and percentile curves for Mexican pediatric population.
PLoS One 2019; 14(2): e0212792. DOI: https://doi.org/10.1371/
journal.pone.0212792

Johnston FE, Wadden TA, Stunkard AJ, Pefia M, Wang J, Pierson
RN, et al. Body fat deposition in adult obese women. I. patterns of
fat distribution. Am J Clin Nutr 1988; 47(2): 225-8. DOI: https://doi.
org/10.1093/ajcn/47.2.225

Bukowski R, Smith GCS, Malone FD, Ball RH, Nyberg DA,
Comstock CH, et al. Human sexual size dimorphism in early
pregnancy. Am J Epidemiol 2007; 165(10): 1216-8. DOI: https:/
doi.org/10.1093/aje/lkwm024

Wells JCK. Sexual dimorphism in body composition. Best Pract
Res Clin Endocrinol Metab 2007; 21(3): 415-30. DOI: https://doi.
org/10.1016/j.beem.2007.04.007

Wang L, Hui SS. Diagnostic accuracy of different body weight and
height-based definitions of childhood obesity in identifying overfat
among Chinese children and adolescents: a cross-sectional study.
BMC Public Health 2015; 15: 802. DOI: https://doi.org/10.1186/
$12889-015-2152-0

Al-Mohaimeed A, Ahmed S, Dandash K, Ismail MS, Saquib N.
Concordance of obesity classification between body mass index
and percent body fat among school children in Saudi Arabia. BMC
Pediatr 2015; 15: 16. DOI: https://doi.org/10.1186/s12887-015-
0335-6

124

Liaquat National Journal of Primary Care 2024; 6(2): 119-124



