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Abstract. Relevance. Maximal oxygen consumption (VO,max) is the maximum amount of oxygen an individual can
breathe in and utilize it to produce energy aerobically. The global epidemic of overweight and obesity — globesity’ is emerging
as a public health problem in many parts of the world. Almost 30-65 % of adult urban Indians is either overweight or obese or
has abdominal obesity. Recently, cardiovascular ailments are increasing in the younger generation. Low levels of cardiovascular
fitness and unfavorable cardiovascular risk profiles are detected in them. Total body fatness and aerobic capacity are frequently
used in association with each other and it is often implied that these parameters are strongly inter-related. Both body fatness
and status aerobic fitness have been shown to be risk factors for future health outcomes. The aim of this study was to assess
the correlation of cardio- respiratory fitness with body fat percentage in young adults. Materials and Methods. This was a pilot
study conducted in a group of 100 subjects of age group 18 to 25 years. Ethical clearance was obtained from institutional ethical
committee and written informed consent were taken from all subjects participated in the study. Following parameters were taken (a)
anthropometric parameters, (b) body fat percentage, (c) physical activity level and (d) VO,max. Results and Discussion. The
mean + SD for age, height, weight, global physical activity questionnaire (GPAQ score) and VO,max was found to be higher in
male participants as compared to female participants while BMI was almost equal in both the genders but body fat percentage
was higher in female participants. There was positive non-significant correlation of VO,max with body mass index and global
physical activity in female subjects but positive significant in male subjects. And moderate negative correlation between body
fat percentage and VO,max in male and female subjects but not significant (p >0.05). Conclusion. Body fat percentage was
negatively correlated with maximum oxygenconsumption (VO, max).

Key words: body fat percentage, cardio- respiratory fitness, maximal oxygen consumption

Funding. The authors received no financial support for the research, authorship, and publication of this article.

Author contributions. Harsha H. —research concept, data collection; Kacker S. — Analysis of data obtained; Sorout J. — entry
of the data obtained, Analysis of data obtained; Saboo N. — text writing. Each author contributed personally to the interpretation
of the data and writing the manuscript. All authors read and approved the final manuscript.

Conflict of interest statement. The authors declare no conflict of interest.

Acknowledgements. Sincere thanks to all participants and technical staff for their support.

© Soni H., Kacker S., Sorout J., Saboo N., 2023

This work is licensed under a Creative Commons Attribution 4.0 International License
T https://creativecommons.org/licenses/by-nc/4.0/legalcode

PHYSIOLOGY 83



Soni H, Kacker S, Sorout ], Saboo N. Bectuuk PY[JH. Cepus: Meguunna. 2023. T. 27. Ne 1. C. 83—89

Consent for publication. Written voluntary consent was obtained from the patients for the investigation and publication of
relevant medical information according to WMA Declaration of Helsinki — Ethical Principles for Medical Research Involving

Human Subjects, 2013.

Ethics approval. Prior to starting the study RUHS College of Medical Jaipur institutional ethical committee clearance was taken.

Received 12.11.2022. Accepted 15.12.2022.

For citation: Soni H, Kacker S, Sorout J, Saboo N. Cardio-respiratory fitness and body fat percentage in young adults.
RUDN Journal of Medicine. 2023;27(1):83-89. doi: 10.22363/2313-0245-2023-27-1-83-89

Introduction

The greatest amount of oxygen that a person can
inhale and use to generate ATP through aerobic means
is known as maximal oxygen consumption VO,max [1].
The amount of oxygen that can be transported from
the lungs to the mitochondria to sustain oxidative ATP
synthesis is finite [2]. One of the metrics used the most
frequently in exercise science is VO, max measurement.
The measurement of a person’s cardio respiratory capacity
at a specific level of fitness and oxygen availability is
one of the factors that determine how well they will
function over an extended period of time [3]. Between
1980 and 2014, the prevalence of obesity on a global
scale more than doubled [4]. In many countries around
the world, the worldwide epidemic of overweight
and obesity, or «globesity,» is becoming a hazard for
public health [5]. Almost 30-65 % of adult urban
Indians is either overweight or obese or has abdominal
obesity [6]. Younger generations are becoming more
susceptible to cardiovascular diseases recently. They are
found to have low levels of cardiovascular fitness and
negative cardiovascular risk profiles. It has grown to be
a significant risk factor for the later onset of middle age
cardiovascular problems [7]. The terms total body fatness
and aerobic capacity are frequently used interchangeably,
and it is frequently assumed that these two metrics are
closely related. Aerobic fitness level and body fat have
both been found to be risk factors for subsequent health
consequences. There are very few studies on to see the
effect of body fat percentage on cardio-respiratory fitness
in young adult population of Rajasthan. So the aim of this
study was to assess the correlation of cardio- respiratory
fitness (VO,max) with body fat percentage in young
adults.
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Material and Methods

One hundred individuals between the ages of 18
and 25 participated in this pilot study at the Department
of Physiology, RUHS College of Medical Sciences,
Jaipur, India. Duration of study was of 6 months (from
October 2019 to March 2020). Subjects were chosen
as convenient sampling method for study convenience.
Written informed consent was taken from all subjects
who participated in the study. And the RUHS College
of Medical Sciences, Jaipur institutional ethical
committee granted its approval. Subjects of either sex
were considered on basis of following inclusion and
exclusion criteria. Apparently healthy young adults
who agreed to give consent between age 18 to 25 years
(students) of both sexes were included. And subjects
who were not willing, suffering from hypertension,
diabetes, cardio- respiratory and musculoskeletal
problems were excluded.

A detailed history followed by thorough general
physical and systemic examination was done including
anthropometry examination (height and weight) for body
mass index (BMI). BMI was calculated by using the
formula Body Mass Index =weight (Kg)/Height (m)>.

Following parameters were taken: anthropometric
parameters, age, calculated from date and year of birth
given by participants [8].

Body Fat Percentage was taken by using Durnin-
Womersaly Equation (based on four site skin fold
thickness measurement) [9]. A validated skin calliper
(Herpenden) was used to quantify skin fold thickness to
the nearest 0.01mm.Each measurement was taken three
times along the skin’s natural lines, and the averages
of the three values were recorded. The measurements
were taken over the bare skin. The readings were
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taken 4seconds after the caliper is applied. All the four
readings were added together and the sum was used to
calculate body fat% with the help of Durnin-Womersly
chart.

And physical activity level assessment using
Global physical activity questionnaire (GPAQ) [10].
This survey seeks data on three different types
of physical activity participation, or «domains,»
including sedentary behavior as well as work-related
or occupational physical activity, active commuting
to and from destinations, and recreational physical
activity during free time. The Metabolic Equivalent of
Task (MET), which measures the difference between
a person’s working and resting metabolic rates, is
used to measure how much time is spent engaging in
physical activity. For the purposes of this definition,
low levels of physical activity are those that total less
than 600 MET minutes per week, while high levels
are those that total more than 3000 MET minutes per
week. The definition of insufficient physical activity is
low levels of physical exercise (600 MET minutes per
week).Cardio respiratory fitness (VO,max) assessment
using Gas Analyzer (Model-ml206, AD Instruments,
Dunedin, New Zealand) [11]. In the morning or two
to three hours after their last meal, the subjects were
asked to arrive. Prior to the test, the subjects received
instructions not to exercise in any way. After that, the
test protocol was described and shown to them. They

were made to wear a mask which is in turn connected
to the equipment via a gas mixing chamber to measure
the total amount of gases inhaled and exhaled during the
test. following this, the actual test procedure was started
i.e. The treadmill grade is increased by 2.5 % every
minute until the subject reaches fatigue and is unable
to continue the exercise, according to «The treadmill
graded exercise test protocol» in which the subject is
asked to walk for 3 minutes at level grade, followed
by a brisk walk at self-selected speed (between 4.3
and 7.5 mph) at level grade for 3 minutes. Equipment
attached to a monitor screen throughout the procedure
displays constant maximum oxygen consumption
values (VO,max).

The study’s results are reported as mean and «S.D.»
Using an unpaired student t-test, data were compared
between genders. The association was discovered using
Pearson’s correlation analysis. The significance level
for the «p-value» calculation in the analysis was set at
p 0.05 using SPSS version 16.0 (Chicago, Inc., USA).

Results and discussion

As shown in Table 1 above, male participants’ mean
S.D. values for age, height, weight, GPAQ score, and
VO, max were greater than female participants’ values.
BMI was nearly identical in both sexes, but female
participants’ body fat percentage was higher.

Distribution of meanzS.D. of different parameters male and female subjects rable
Parameters Male subjects Female subjects tvalue p-value
(mean+S.D.) (mean+S.D.)
Age, years 19.88+1.8 19.02+1.6 1.125 0.131
Height, cm 1.68+0.05 1.59£0.05 11.048 0.001
Weight, kg 64.26 £10.35 54.42+9.2 4.262 0.002
BMI 21.47 £3.09 21.53+4.7 -0.08 0.46
GPAQ score 1538.35+616.2 957.85+321.75 4.686 0.001
Body fat,% 14.53+3.53 21.09+54 -6.935 0.001
VO, max 46.83+9.48 35.94+9.8 5.618 0.001

Note: BMI = Body Mass Index, VO, max = Maximum Oxygen Consumption.
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Table 2
Correlation of VO, max with BMI, GPAQ and body fat% in male and female subjects
Ne Indexes r (male) p-value r (female) p-value
1 BMI 0.269 0.02 0.18 0.32
2 GPAQ 0.368 0.04 0.33 0.07
Body fat, % -0.13 0.2 -0.003 0.9

Note: BMI = Body Mass Index, GPAQ = Global Physical Activity Questionnaire, r = Correlation Coefficient.

Table 2 mentioned above shows positive non-
significant correlation of VO, max with BMI and GPAQ
in female subjects but positive significant in male
subjects. And moderate negative correlation between
body fat % and VO,max in male and female subjects
but not significant (p>0.05).

The current cross-sectional pilot study was conducted
to determine the relationship between body fat percentage
and maximum oxygen consumption (VO,max).The
average age of the 100 individuals in the current study
was 19.75+1.7 years, and the average ages of the male
subjects (68) and female subjects (32) were 19.88+ 1.8 and
19.02 £ 1.6 years, respectively. Male and female individuals’
average heights were 1.68+0.05 and 1.59+0.05 meters,
respectively. Male and female individuals’ average weights
were 64.26+10.35 kg and 54.42 £9.2 kg, respectively.
The mean BMI for the male and female subjects in the
current study was 21.47+3.09 and 21.53+4.7 kg/m?,
respectively. This is slightly higher than the BMI of Indian
healthy young male and female subjects from another
study by Chhabra P. et al., and since all the participants
fall into the normal weight category, there is no evidence
of a significant difference between them [12]. On the other
hand, BMI of females of Delhi and Manipur as studied
in another study conducted by Mungreiphy N.K. et al.
was same to results found in our study. Similarly BMI
of males from Delhi and Manipur also equivalent to that
found in our study [13]. The average GPAQ score for the
study’s male and female participants was respectively
1538.35£616.2 and 957.85+321.75. It shows that most
of the subjects fell into the category of physically active
people. Singh A. and Purohit B.M. discovered that this
age group had relatively little exercise [14]. Mean body
fat% of male and female subjects was 14.53+3.53 and
21.09+5.4 respectively.
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According to American Council on Exercise (ACE)
female have more body fat percentage than male [15].
In the study conducted by Mungreiphy N.K. body fat %
in males of Delhi was 17.8+5.99 which is slightly
higher than that found in present study [13]. While
body fat % of females in present study was higher than
observed in earlier study this was 19.6+5.66 [13]. Both
the studies support the fact that females have higher
body fat % than males. Females have more fat because
of physiological differences such as hormones, breasts,
and sexual organs [16, 17]. Mean VO, max of male and
female subjects under the study was 46.83+9.48 and
35.94 +£9.8 ml/kg/min respectively.

In the present study male participants were having
higher VO, max level than the female participants
of our study. When present data comprised with
normative data of study done by Turnley J. (2018)
cardio- respiratory fitness were excellent of male
subjects and good of female subjects [18]. Similar
findings were reported in a different Gujarat study by
Shah H. et al. on a young, healthy population. In that
study, the mean VO, max was 36.12 +12.05ml/kg/
min, whereas the corresponding values for
male and female subjects were 39.5+ 11.28 and
32.74 +12.82 ml/kg/min, respectively. Observations
under present were slightly higher than that found in
the study by shah but the difference occurred between
male and female participants were found in both the
studies [19]. Body fat percentage was negatively
correlated with VO, max in present study. Various
studies also showed a negative correlation in VO,
max and body fat percentage [20, 21]. According to
the study’s correlation findings, people with higher
body fat percentages had considerably lower oxygen
intake and consequently reduced aerobic ability.
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Conclusion

Present study results concluded that body fat
percentage was negatively correlated with maximum
oxygen consumption (VO, max). Our study found that
having an ideal body fat percentage is beneficial for
having improved aerobic capacity.
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Kapauvo-pecnupaTopHas BbIHOCAMBOCTb U NPOLLEHTHOE coAepXKaHne
YXUPOBOMW TKaHU B OpraHn3Me MoJIoOAbIX ntoaeu

X. Conu , C. Kakep

» /1. CopyT

, H. Caoy =

Konnempx MeMLIMHCKUX HayK Pa/kacTaHCKOrO yHUBEPCUTETa MeJULIMHCKUX Hayk, I. [bxaiinyp, Pagpkacran, HHous
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AnHoTauus. AKmyaabHocmb. MakcumaneHoe rnotpebsenre Kucaopoga (VO,max) — 3To MaKCHMa/lbHOe KOJIMYeCTBO
KHCJI0pOZja, KOTOPOe Uel0BeK MOXKeT BOXHYTh M MCIIO/Ib30BaTh /115l IPOM3BOACTBA SHEPIUH a3pOOHBIMU MeTofamu. [1ob6abHas
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3MueMuUs M30BITOUHOTO Beca ¥ OXKUPEHUS — «TJI00YCHOCTh» — CTAHOBUTCS TIPOO/IEMO 00I1[eCTBEHHOTO 3]PaBOOXPaHEHUS]
BO MHOTUX yacTsax mupa. [Toutn 30-65 % B3pOCI/IBIX TOPOACKUX WH/MILIEB UMEIOT N30LITOYHBIN BeC, O)KMPeHUe WiIu ab/joMu-
HaJ/IbHOe O’KMpeHHe. B nocsiejHee BpeMst CepieqHO-COCYAUCThIe 3a00/1eBaHusT yBeTUUMBAIOTCS B MOJIOZIOM NOKOJIEHUH. Y HUX
BBISIB/ISIIOTCSL HU3KWM YPOBEHb CepAeuHO-COCYANCTOM MTOATOTOB/IEHHOCTH U Heb/1aronpHsTHbIe IPOGUIN CepAedHO-COCYAUCTOrO
pucka. KonruecTBo )KUPOBOW TKaHU U a3po0OHasi CrioCOOHOCTb TECHO B3aUMOCBSI3aHbL. BBIIO 10Ka3aHo, UTO KaK OXKHMpeHHe,
TaK ¥ aspobHas ¢usnueckasi hopma SBASIOTCS hakTopamu prcka. Llesib ucciefoBaHUs COCTOsIIAa B TOM, YTOOBI OLJeHUTh
KOPPEJISILIAIO Cep/leuHO-/bIXaTebHON BBIHOC/IIMBOCTH C TPOLIEHTHBIM CO/lepKaHHeM >KUPOBOM TKaHH B OpPraHU3Me Y MOJIOZBIX
mogeid. Mamepuasbl u MemoObl. IT0 ObIJI0 MUIOTHOE UCC/Iej0BaHKe, TIpoBeJieHHOe B rpymie u3 100 uesoBek B Bo3pacTe oT 18
[0 25 eT. JTUYecKoe paspelieHye ObLIO MOMTYyUYeHO OT ITUYeCKOro KoMHUTeTa IHCTUTYTa, M MUCbMeHHOe HH(POPMHUPOBaHHOE
coryacye ObUIO TIOJTyUeHo OT BCeX CyObeKTOB, YUaCTBOBABILMX B UCC/IeJ0BaHUH. B MCciejoBaHbl CieyroLie rapamMeTpsl: (a)
AHTPONOMETPUYECKHe MapameTpbl, (0) POLIEHTHOE CO/Iep)KaHUe )KUPOBOM TKAHU B OpraHn3me, (B) ypOBEHb (PU3UUECKOM aKTUB-
Hoctu M (1) VO, max. Pesyabmambi u 06cyscoenue. Bbiio 06Hapy>KeHo, UuTo Cpe/jHee + CTaH/japTHOe OTK/JIOHeHHe /i BO3pacTa,
pocTa, Beca, OnpocHuKa obueli gpusnueckoi akTuBHOCTH (otieHKa GPAQ) u VO, max Bblllle y yUaCTHMKOB MY>KCKOTO T0/1a
TI0 CPAaBHEHMIO C YYaCTHUKAMH »KEHCKOTO I1071a, B TO BpeMsl KaK MH/IEKC MacChl Tesia ObIT TOUTH O/IMHAKOBBIE [171s1 000MX TI0JIOB,
HO TPOLIEHT KMPOBOM TKaHU B OpraHu3Me ObUI BhIIIIE Y yUaCTHUL] )KEHCKOT0 T10/1a. BhIsiB/ieHa Mo/IoKUTe/IbHasT HeZJoCTOBepHast
Koppenauus VO, max ¢ MH/EKCOM Macchl TeJia U 0011el (U3NIeCcKOi aKTMBHOCTBIO Y JKEHIIMH, HO M0JIOKUTe/IbHask 3HaUUMast
y My>xunH. Takke BbIIB/IeHa yMepeHHast OTpULiaTe/IbHask KOPPeJIALMA MeX/y MPOLIEHTOM )KKMpa B opranusme v VO, max y My>KuuH
Y >KeHIIMH, HO He focToBepHast (p >0,05). Bbigods!. ITpouieHTHOE coziepKaHre )KHPOBOW TKaHW B OPraHM3Me OTPHULIaTebHO
KOPPe/MpoBajo C MaKCUMa/IbHBIM 1oTpebienrem kuciopoga (VO,max).

KiroueBble c/I0Ba: MPOLIEHTHOE COZiep)KaHre )XKMUPOBOM TKaHW B OPraHM3Me, Kap/1o-peCcupaTopHast BHIHOCIUBOCTS,
MakcUMaJsbHoe 1oTpebsieHne KUCI0posa

Hudopmanus o puHaHCcHpOBaHUHK. ABTOPbI He T0JTyuaid HUKakod (PUHAHCOBOM MO//IEPXKKH /ISl UCCIIe[JOBaHUS U MyOIHUKALUN
JTaHHOU CTaThU.

BkJiap aBTopoB. Xapiia X. — KOHLeMIus uccieoBanus, coop aaHHbix; Kakep C. — AHanu3 nomyueHHBIX faHHbBIX; CopyT K. —
BBOZ IT0/IyUeHHbIX [JAHHbIX, aHa/IU3 T0/Iy4eHHbIX JaHHbIX; Caby H. — Harmcanue Tekcra. Kaxkzplid aBTOp BHeC IMUHBIN BK/az,
B MHTEepIIPeTAaLMIO JaHHbIX U HallMCaHUe PyKONMcH. Bce aBTOPBI IIpOUrTanu U 0400prIN OKOHUaTe/IbHBINA BapHaHT PYKOIHCH.
WHbopmaLyst o KOHGIMKTe HHTePeCcOB. ABTODBI 3asiB/ISTIOT 00 OTCYTCTBUHM KOH(/IMKTa MHTEPEeCOB.

JTuuecKoe yTBepkAeHHue. [Tepesi HauaIoM UCC/Ie[JOBaHMs ObIIO ITOyUeHO pa3pelleHre STHYeckoro komutera Kommempka
MeIMLIMHCKUX HayK Pa/pKacTaHCKOro YHUBepCUTeTa MeJULIMHCKUX HayK, Pamkacran, [Ixainyp, ugus.

BnaropapHocTH. VIcKpeHHsis1 671aroapHOCTb BCEM yYaCTHUKAM 1 TeEXHUYECKOMY ITePCOHAY 3a UX TIOJEPKKY.
HNudopmupoBaHHoe coriacue Ha myoukanuio. OT ManreHToB OBLIO MOyueHO Z0OPOBO/EHOE TUCHMEHHOE COoTacHe
Ha MCC/IeJOBaHKe ¥ MyOIUKali COOTBETCTBYIOLIEH MeIULHCKOM MH(OPMALMU B COOTBETCTBUM C XeJIbCHHKCKOW JieKiapaLyen
WMA — DT1ryeckue MPUHLMIBI MeULIMHCKUX MCC/IeJOBaHUM C yuacTreM uenoBeka, 2013 .
ITocrynuna 12.11.2022. TIpunsita 15.12.2022.

Jinst nurupoBanust: Soni H., Kacker S., Sorout J., Saboo N. Cardio-respiratory fitness and body fat percentage in young adults //

BectHuk Poccuiickoro yHuBepcuteTa Apy0bl HapogoB. Cepust: Meguiusa. 2023. T. 27. Ne 1. C. 83-89. doi: 10.22363/2313-
0245-2023-27-1-83-89
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