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Abstract

Background
Body Mass Index (BMI) has limited diagnostic performance due
to its inability to discriminate between Fat Mass(FM) and Fat Free
mass(FFM).
Objectives
The study was conducted to study the correlation between BMI
and Percent Body Fat(PBF) among college going young females of (18-
21 years) residing in the city of Lucknow.
Materials and Methods
This was a cross-sectional study conducted in the city of
Lucknow. 10 colleges from five regions namely North, West, East, South
and Central were randomly chosen. BMI using standard techniques and
PBF using skinfold measurements was used. Data was collected,
tabulated and analyzed using SPSS 16.0 Karl Pearson (2. tailed) test
was used to assess correlation.
Results
Mean age of participants was 19.41+1.17 years. Mean BMI
(xSD) was 21.79 (+2.79) kg/m2. whereas mean PBF was 30.66(+4.01)%
and mean fat mass was 16.38 (+3.90). BMI & FM AND BMI & PBF were
positively correlated with the Correlation Coefficient of 0.754 and 0.338
respectively, it was statistically highly significant with a P value < 0.001.
Percent Body Fat is categorized as athletes with %fat of 14-20%, fithess
21-24%, acceptable 25-31% and obese>32% body fat. and the study
concluded that maximum sample (49%) came under the category of
obese when their PBF was compared with standards despite being under
the normal BMI category
Conclusions
In this population we have found strong correlation between
PBF and BMI but even falling under a normal BMI the subjects have
excess PBF.
Keywords: Body Mass Index, Present Body Fat, Skinfold measurement
Introduction
Overweight and obesity defined as having body mass index (BMI)
has a significant impact on health and has reached epidemic proportions,
globally. Global Burden of Disease (GBD) 2013 study estimated that
number of overweight and obese individuals has increased from 921 million
in 1980 to 2.1 billion in 2013.[1] Worldwide, overweight and obesity is
attributed to 3.4 million deaths and 3.8% of Disability Adjusted Life
Years.[2] High BMI, both directly and mediated through high blood
pressure and cholesterol, is a major risk factor for cardiovascular deaths.[3]
BMI has been used traditionally as an anthropometric means of measuring
generalized obesity due to its ease to use, low cost, and convenience.
However, BMI does not reflect the adiposity or PBF. Central adiposity as
measured by waist height ratio. Waist circumference, and PBF are known
to be better predictor of diabetes and cardiovascular events than
BMI.[4,5,6] Moreover, at same level of BMI, south Asians are believed to
have high BF% (both central and generalized) and lesser lean, muscle and
skeletal mass than Caucasians and thus being at a higher risk of
cardiovascular events and deaths.
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Despite the utility of measuring body
composition to predict metabolic syndrome and
cardiovascular diseases, data showing relationship
between BMI and PBF in India and other similar
South Asian countries is scarce.[7,8] In this context, it
is important to understand the relationship between
BMI and PBF in Indian population. This is of more
importance among females as they have relatively
higher PBF on a corresponding BMI as compared with
males.[9] Since PBF is a better predictor of metabolic
disorder than BMI alone, women are likely to be at
more risk of metabolic disorders than men having
similar BMI. However no study has been conducted in
India to study this relationship specifically for young
female adults (18-21 years). Knowledge regarding the
relationship between BMI and PBF can be used to
understand the utility of BMI as a predictor of
cardiovascular morbidity among Indian female
population.

There are various methods of assessing
Percent Body Fat but in the current study, Skinfold
Thickness measurements have been used to estimate
Percent Body Fat, Fat mass and Fat Free Mass.
College going girls of (18 to 21 years) residing in the
city of Lucknow have been studied to calculate the
mean PBF and to identify the relationship of BMI and
PBF across various stratas of BMI.

Objectives

The study was conducted to study the
correlation between BMI and Percent Body Fat(PBF)
among college going young females of (18-21years)
residing in the city of Lucknow.

Materials and Methods
Study Design and Population

This was a cross-sectional study done on
college going girls of (18-21 years) residing in the
study area. The data was gathered from 5 different
regions of Lucknow, namely North, South, East, West
and Central and from each region 2 colleges were
chosen from where 40 participants from each college
were taken from the study.
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Sample Size

The required sample size was calculated
assuming unknown prevalence of 50% with 95 %
confidence interval and 80% power. The required
sample size was calculated to be of 400.
Study Procedures

From the five different regions of Lucknow
namely North, South, East, West and central, a total
of 10 colleges (2 colleges from each region were
selected and 40 subjects from each college were
randomly chosen who were of (18-21 years). Eligibility
was assessed using following exclusion criteria;
married girls living in hostel or PG, Girls on reducing
diet. Eligible participants who consented for the study,
their socio demographic information we obtained
using the interview schedule, then their
anthropometric and body composition measurement
were undertaken. Weight, height and PBF were
measured using standardized equipment. Height was
measured using a stadiometer (Seca) to the nearest
0.1 cm in standing position with no footwear. Weight
was measured using an electronic scale (Seca 808
Germany). BMI was, thus, calculated using standard
definition of weight (kg)/square of height (m) PBF was
estimated using 4 sites skinfolds namely Triceps,
Biceps, Subscapular and  Suprailiac.  The
measurements were done using Harpenders
Callipers. This was done during morning hours after
ensuing that participants have not indulged in any
vigorous physical activity.
Statistical Analysis

Participants were classified as underweight
(<18.5 kg/mz), normal weight (18.5-24.9kg/m2,
overweight (25.0-29.9 kg/mz), and obese (>30kg/m?)
based on consensus guidelines for diagnosis of
obesity among Asian Indians.[10] Descriptive
statistics was reported as meantSD. Correlation
between PBF and BMI and total body fat and BMI
were calculated using Pearson's correlation
coefficient (r) across various BMI categories. Along
with BMI, PBF, Fat mass and Fat free mass were
assessed. Statistical analysis of data was carried out
using the SPSS-16 software for windows.

Results Descriptive Characteristics
A total of 400 college going girls were taken as samples.

BMI Frequency Percent
Underweight 24 6.0
Normal weight 332 83.0
Pre obesity 40 10.0
Obesity class | 4 1.0
Total 400 100.0

Table 1: BMI categories and its frequency

Table 1 shows the different categories of
BMI along with their frequency and percentages. 83%

of the sample were found to be in the normal category
amd only 10% were in preobese category.

Percent Body Fat Frequency Percent
Athletes 4 1
Fitness 20 5.0
acceptable 180 45.0
obese 196 49.0

Table 2: PBF category and its frequency

Table 2 depicts Percent Body Fat is
categorized as athletes with %fat of 14-20%, fithess
21-24%, acceptable 25-31% and obese>32% body

fat. this table shows that maximum sample (49%)
came under the category of obese.
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PARAMETERS Mean Standard Deviation
AGE 19.41 1.17
HEIGHT (cm) 156.05 7.77
WEIGHT (Kg) 53.21 8.72
BMI (Kg/mt2) 21.79 2.79
TRICEPS (cm) 2.03 .53
BICEPS (cm) 1.23 43
SUPRAILIAC (cm) 2.39 .59
SUBSCAPULAR(cm) 1.98 .67
PERCENT BODY FAT 30.66 4.01
FAT MASS (kg) 16.38 3.90
FAT FREE MASS(kg) 36.83 5.76

Table 3: Consolidated table for Anthropometric and Body composition n=400

Mean age of participants was 19.41+1.17.
Table 3 shows anthropometric and body composition
of participants. Mean BMI was 21.79+2.79 whereas
Mean Fat Mass and Percent Body Fat were 16.38 kg
+3.90 and 30.66% *4.01 respectively.

Analysis of anthropometric
Composition characteristics with respect to BMI
category revealed a highly significant (p value
<0.001> increase in fat mass, and PBF with an
increment in BMI category.

and Body

Body Mass Index p-value
Underweight Normal weight Pre obesity Obesity class |
Mean SD Mean SD Mean SD Mean SD
Perce”tF""Agﬁ BODY | 2754 | 206 | 3055 | 390 | 3257 | 410 | 3860 | 00 | <0.001

Applied one way ANOVA for significance. considered highly significant.
Table 4: Analysis of Anthropometric and Body Composition Characteristics with respect to BMI Category. It reveals a
highly significant (P value<0.001) increase in percent body fat with an increase in BMI category.

Correlation between Body Mass Index and Percent Body Fat

Percentage FAT FREE
BMI BODY FAT FAT MASS MASS
BMI Pearson Correlation 1 338" 754" 689"
Sig. (2-tailed) <0.001 <0.001 <0.001
N 400 400 400 400
Table 5: TTable 5 reports the Pearson’s was statistically highly significant with P value <0.001.

correlation coefficient for the relationship between
BMI and PBF. There was a positive correlation
between BMI and body composition factors with
correlation coefficient of 0.338, 0.754 and 0.689; it

Visual inspection of scatter plot of relationship
between BMI and PBF is shown in Figure 1 and
relationship between BMI and FM is shown in Figure
2

Figure 1: Scatter plot showing distribution of PBF with respect to BMI (overall)
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Figure 2; Relationship between BMI and Fat Mass
Figure 1 and Figure 2 shows the scatter plot for better visualization of percent body fat with different categories of
BMI and Fat Mass with different BMIcategories respectively

Discussion

The study mainly intended to assess the BMI
and PBF and also understand the correlation between
PBF and BMI measured by skinfold thickness of four
sites. Among college going girls of (18- 21 years)
residing in the city of Lucknow. The correlation
between BMI and PBF has been studied across
various ethnic groups; particularly in Western
countries.[11,12,13,14,15,16,17]. Thus, it is needed
to understand the correlation between BMI and PBF
in Indian Population, especially the targeted sample
as they are future mothers and so the responsibility of
bearing and nurturing the babies lies on their
shoulders. Their health needs to be good for the
purpose mentioned above.

In a study done among young adults of Sri
Lanka, a strong and significant positive correlation
was observed between BMI and PBF overall (r= 0.82,
P< 0.01 among females). Similarly, the Pakistan study
showed a positive correlation between BMI and PBF
with r= 0.74, P<0.01. Other studies done among
Caucasians and Blacks have also confirmed similar
relationships. In the present study also, the
relationship was significant across all the BMI
categories. It was also reported that the relationship of
BMI and Fat Mass was almost similar to the relation
between BMI and PBF.

it was found that with the increase in BMI
categories the PBF increases, on the contrary the
sample group though falling under normal BMI
category has PBF higher than the acceptable range
and thus falling under the category of obese which
makes a topic which need to be paid attention.
Despite being of the normal BMI, their PBF is not
normal. the participants fall under the category of
preobese and obese when their PBF is taken into
account. This was to be penned down in the present
study that their diet and lifestyle need to be checked
and monitored for more precise information.
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Conclusion

Our results demonstrate a significant positive

correlation between BMI and BF% using skinfold
measurements among the college going girls of
Lucknow. We could also establish the effect of age
and level of BMI on the magnitude of correlation with
maximum positive correlation of BMI and BF% in the
youngest (18 years) age group and in individuals with
high BMI, that is, obese (225 kg/m2). Our findings
provide initial information on the relationship of BMI
and BF% in the Lucknow city, which may be different
from individuals of other ethnic groups and
geographical regions. However, it is important to see
whether assessment of BF% will be a feasible
screening tool than BMI as a predictor of metabolic
disorder. This study provides a platform for further
research to provide more understanding in this
context through prospectively planned longitudinal
studies.

References

1. Ng M, Fleming T, Robinson M, Thomson B,
Graetz N, Margono C, et al. Global, regional, and
national prevalence of overweight and obesity in
children and adults during 1980-2013: A
systematic analysis for the global burden of
disease study 2013. Lancet. 2014;384:766-81.
[PMC free article] [PubMed] [Google Scholar]

2. 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;380:2224-60. [PMC free
article] [PubMed] [Google Scholar]

3. Lu Y, Hajifathalian K, Ezzati M, Woodward M,
Rimm EB, et al. Global Burden of Metabolic Risk
Factors for Chronic Diseases Collaboration (BMI
Mediated Effects) Metabolic mediators of the
effects of body-mass index, overweight, and
obesity on coronary heart disease and stroke: A
pooled analysis of 97 prospective cohorts with


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4624264/
https://www.ncbi.nlm.nih.gov/pubmed/24880830
https://scholar.google.com/scholar_lookup?journal=Lancet&title=Global,+regional,+and+national+prevalence+of+overweight+and+obesity+in+children+and+adults+during+1980-2013:+A+systematic+analysis+for+the+global+burden+of+disease+study+2013&author=M+Ng&author=T+Fleming&author=M+Robinson&author=B+Thomson&author=N+Graetz&volume=384&publication_year=2014&pages=766-81&pmid=24880830&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4156511/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4156511/
https://www.ncbi.nlm.nih.gov/pubmed/23245609
https://scholar.google.com/scholar_lookup?journal=Lancet&title=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&author=SS+Lim&author=T+Vos&author=AD+Flaxman&author=G+Danaei&author=K+Shibuya&volume=380&publication_year=2012&pages=2224-60&pmid=23245609&

ISSN: 2456-5474

1.8 million participants. Lancet. 2014;383:970—
83. [PMC free article] [PubMed] [Google Scholar]
Jayawardana R, Ranasinghe P, Sheriff MH,
Matthews DR, Katulanda P. Waist to height ratio:
A better anthropometric marker of diabetes and
cardio-metabolic risks in South Asian adults.
Diabetes Res Clin Pract. 2013;99:292-9.
[PubMed] [Google Scholar]

Vikram NK, Latifi AN, Misra A, Luthra K, Bhatt
SP, Guleria R, et al. Waist-to-height ratio
compared to standard obesity measures as
predictor of cardiometabolic risk factors in Asian
Indians in North India. Metab Syndr Relat Disord.
2016;14:492-9. [PubMed] [Google Scholar]

Lam BC, Koh GC, Chen C, Wong MT, Fallows
SJ. Comparison of body mass index (BMI), body
adiposity index (BAI), waist circumference (WC),
waist-to-hip ratio (WHR) and waist-to-height ratio
(WHtR) as predictors of cardiovascular disease
risk factors in an adult population in Singapore.
PL0oS One. 2015;10:e0122985. [PMC free article]
[PubMed] [Google Scholar]

Rajput R, Rajput M, Bairwa M, Singh J, Saini O,
Shankar V, et al. Waist height ratio: A universal
screening tool for prediction of metabolic
syndrome in urban and rural population of
Haryana. Indian J  Endocrinol  Metab.
2014;18:394-9. [PMC free article] [PubMed]
[Google Scholar]

Verma M, Rajput M, Sahoo SS, Kaur N, Rohilla
R. Correlation between the percentage of body
fat and surrogate indices of obesity among adult
population in rural block of Haryana. J Family
Med Prim Care. 2016;5:154-9. [PMC free article]
[PubMed] [Google Scholar]

Gallagher D, Heymsfield SB, Heo M, Jebb SA,
Murgatroyd PR, Sakamoto Y, et al. Healthy
percentage body fat ranges: An approach for
developing guidelines based on body mass
index. Am J Clin Nutr. 2000;72:694-701.
[PubMed] [Google Scholar]

RNI No.UPBIL/2016/68367

E-72

10.

11.

12.

13.

14.

15.

16.

17.

Vol.-6* Issue-2* March- 2021

Innovation The Research Concept

Misra A, Chowbey P, Makkar BM, Vikram NK,
Wasir JS, Chadha D, et al. Consensus statement
for diagnosis of obesity, abdominal obesity and
the metabolic syndrome for Asian Indians and
recommendations for physical activity, medical
and surgical management. J Assoc Physicians
India. 2009;57:163-70. [PubMed] [Google
Scholar]

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;26:789-96.
[PubMed] [Google Scholar]

Gallagher D, Visser M, Sepulveda D, Pierson RN,
Harris T, Heymsfield SB, et al. How useful is
body mass index for comparison of body fatness
across age, sex, and ethnic groups? Am J
Epidemiol. 1996;143:228-39. [PubMed] [Google
Scholar]

Deurenberg P, van der Kooy K, Hulshof T, Evers
P. Body mass index as a measure of body
fathess in the elderly. Eur J Clin Nutr.
1989;43:231-6. [PubMed] [Google Scholar]
Jackson AS, Pollock ML, Ward A. Generalized
equations for predicting body density of women.
Med Sci Sports Exerc. 1980;12:175-81.
[PubMed] [Google Scholar]

Gillette-Guyonnet S, Vellas B. Body composition
and age-related diseases. Mech Ageing Dev.
2003;124:247-8. [PubMed] [Google Scholar]
Nass R, Thorner MO. Impact of the GH-cortisol
ratio on the age-dependent changes in body
composition. Growth Horm IGF Res.
2002;12:147-61. [PubMed] [Google Scholar]
Perry HM, 3rd, Morley JE, Horowitz M, Kaiser FE,
Miller DK, Wittert G, et al. Body composition and
age in African-American and Caucasian women:
Relationship to plasma leptin levels. Metabolism.
1997;46:1399-405. [PubMed] [Google Scholar]


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3959199/
https://www.ncbi.nlm.nih.gov/pubmed/24269108
https://scholar.google.com/scholar_lookup?journal=Lancet&title=Metabolic+mediators+of+the+effects+of+body-mass+index,+overweight,+and+obesity+on+coronary+heart+disease+and+stroke:+A+pooled+analysis+of+97+prospective+cohorts+with+1%C2%B78+million+participants&author=Y+Lu&author=K+Hajifathalian&author=M+Ezzati&author=M+Woodward&author=EB+Rimm&volume=383&publication_year=2014&pages=970-83&pmid=24269108&
https://www.ncbi.nlm.nih.gov/pubmed/23298662
https://scholar.google.com/scholar_lookup?journal=Diabetes+Res+Clin+Pract&title=Waist+to+height+ratio:+A+better+anthropometric+marker+of+diabetes+and+cardio-metabolic+risks+in+South+Asian+adults&author=R+Jayawardana&author=P+Ranasinghe&author=MH+Sheriff&author=DR+Matthews&author=P+Katulanda&volume=99&publication_year=2013&pages=292-9&pmid=23298662&
https://www.ncbi.nlm.nih.gov/pubmed/27740885
https://scholar.google.com/scholar_lookup?journal=Metab+Syndr+Relat+Disord&title=Waist-to-height+ratio+compared+to+standard+obesity+measures+as+predictor+of+cardiometabolic+risk+factors+in+Asian+Indians+in+North+India&author=NK+Vikram&author=AN+Latifi&author=A+Misra&author=K+Luthra&author=SP+Bhatt&volume=14&publication_year=2016&pages=492-9&pmid=27740885&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4400161/
https://www.ncbi.nlm.nih.gov/pubmed/25880905
https://scholar.google.com/scholar_lookup?journal=PLoS+One&title=Comparison+of+body+mass+index+(BMI),+body+adiposity+index+(BAI),+waist+circumference+(WC),+waist-to-hip+ratio+(WHR)+and+waist-to-height+ratio+(WHtR)+as+predictors+of+cardiovascular+disease+risk+factors+in+an+adult+population+in+Singapore&author=BC+Lam&author=GC+Koh&author=C+Chen&author=MT+Wong&author=SJ+Fallows&volume=10&publication_year=2015&pages=e0122985&pmid=25880905&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4056141/
https://www.ncbi.nlm.nih.gov/pubmed/24944937
https://scholar.google.com/scholar_lookup?journal=Indian+J+Endocrinol+Metab&title=Waist+height+ratio:+A+universal+screening+tool+for+prediction+of+metabolic+syndrome+in+urban+and+rural+population+of+Haryana&author=R+Rajput&author=M+Rajput&author=M+Bairwa&author=J+Singh&author=O+Saini&volume=18&publication_year=2014&pages=394-9&pmid=24944937&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4943124/
https://www.ncbi.nlm.nih.gov/pubmed/27453862
https://scholar.google.com/scholar_lookup?journal=J+Family+Med+Prim+Care&title=Correlation+between+the+percentage+of+body+fat+and+surrogate+indices+of+obesity+among+adult+population+in+rural+block+of+Haryana&author=M+Verma&author=M+Rajput&author=SS+Sahoo&author=N+Kaur&author=R+Rohilla&volume=5&publication_year=2016&pages=154-9&pmid=27453862&
https://www.ncbi.nlm.nih.gov/pubmed/10966886
https://scholar.google.com/scholar_lookup?journal=Am+J+Clin+Nutr&title=Healthy+percentage+body+fat+ranges:+An+approach+for+developing+guidelines+based+on+body+mass+index&author=D+Gallagher&author=SB+Heymsfield&author=M+Heo&author=SA+Jebb&author=PR+Murgatroyd&volume=72&publication_year=2000&pages=694-701&pmid=10966886&
https://www.ncbi.nlm.nih.gov/pubmed/19582986
https://scholar.google.com/scholar_lookup?journal=J+Assoc+Physicians+India&title=Consensus+statement+for+diagnosis+of+obesity,+abdominal+obesity+and+the+metabolic+syndrome+for+Asian+Indians+and+recommendations+for+physical+activity,+medical+and+surgical+management&author=A+Misra&author=P+Chowbey&author=BM+Makkar&author=NK+Vikram&author=JS+Wasir&volume=57&publication_year=2009&pages=163-70&pmid=19582986&
https://scholar.google.com/scholar_lookup?journal=J+Assoc+Physicians+India&title=Consensus+statement+for+diagnosis+of+obesity,+abdominal+obesity+and+the+metabolic+syndrome+for+Asian+Indians+and+recommendations+for+physical+activity,+medical+and+surgical+management&author=A+Misra&author=P+Chowbey&author=BM+Makkar&author=NK+Vikram&author=JS+Wasir&volume=57&publication_year=2009&pages=163-70&pmid=19582986&
https://www.ncbi.nlm.nih.gov/pubmed/12037649
https://scholar.google.com/scholar_lookup?journal=Int+J+Obes+Relat+Metab+Disord&title=The+effect+of+sex,+age+and+race+on+estimating+percentage+body+fat+from+body+mass+index:+The+heritage+family+study&author=AS+Jackson&author=PR+Stanforth&author=J+Gagnon&author=T+Rankinen&author=AS+Leon&volume=26&publication_year=2002&pages=789-96&pmid=12037649&
https://www.ncbi.nlm.nih.gov/pubmed/8561156
https://scholar.google.com/scholar_lookup?journal=Am+J+Epidemiol&title=How+useful+is+body+mass+index+for+comparison+of+body+fatness+across+age,+sex,+and+ethnic+groups?&author=D+Gallagher&author=M+Visser&author=D+Sep%C3%BAlveda&author=RN+Pierson&author=T+Harris&volume=143&publication_year=1996&pages=228-39&pmid=8561156&
https://scholar.google.com/scholar_lookup?journal=Am+J+Epidemiol&title=How+useful+is+body+mass+index+for+comparison+of+body+fatness+across+age,+sex,+and+ethnic+groups?&author=D+Gallagher&author=M+Visser&author=D+Sep%C3%BAlveda&author=RN+Pierson&author=T+Harris&volume=143&publication_year=1996&pages=228-39&pmid=8561156&
https://www.ncbi.nlm.nih.gov/pubmed/2661215
https://scholar.google.com/scholar_lookup?journal=Eur+J+Clin+Nutr&title=Body+mass+index+as+a+measure+of+body+fatness+in+the+elderly&author=P+Deurenberg&author=K+van+der+Kooy&author=T+Hulshof&author=P+Evers&volume=43&publication_year=1989&pages=231-6&pmid=2661215&
https://www.ncbi.nlm.nih.gov/pubmed/7402053
https://scholar.google.com/scholar_lookup?journal=Med+Sci+Sports+Exerc&title=Generalized+equations+for+predicting+body+density+of+women&author=AS+Jackson&author=ML+Pollock&author=A+Ward&volume=12&publication_year=1980&pages=175-81&pmid=7402053&
https://www.ncbi.nlm.nih.gov/pubmed/12663121
https://scholar.google.com/scholar_lookup?journal=Mech+Ageing+Dev&title=Body+composition+and+age-related+diseases&author=S+Gillette-Guyonnet&author=B+Vellas&volume=124&publication_year=2003&pages=247-8&pmid=12663121&
https://www.ncbi.nlm.nih.gov/pubmed/12162996
https://scholar.google.com/scholar_lookup?journal=Growth+Horm+IGF+Res&title=Impact+of+the+GH-cortisol+ratio+on+the+age-dependent+changes+in+body+composition&author=R+Nass&author=MO+Thorner&volume=12&publication_year=2002&pages=147-61&pmid=12162996&
https://www.ncbi.nlm.nih.gov/pubmed/9439533
https://scholar.google.com/scholar_lookup?journal=Metabolism&title=Body+composition+and+age+in+African-American+and+Caucasian+women:+Relationship+to+plasma+leptin+levels&author=HM+Perry&author=JE+Morley&author=M+Horowitz&author=FE+Kaiser&author=DK+Miller&volume=46&publication_year=1997&pages=1399-405&pmid=9439533&

