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Abstract

Introduction: Obesity is a global epidemic with serious consequences for countries.

Objective: This work aims to systematically review the available evidence on the relationship between basal metabolism (B-

M), body composition, and physical activity (PA) with central obesity.

Methodology: The search strategy was carried out using Web of Science, PubMed, Google Scholar, and SciELO following

the PRISMA guidelines. The STROBE checklist and the Jadad scale were also used for quality assessment.

Results: Initially, a total of 1382 studies were identified, with 25 publications eligible for systematic data extraction. The re-

viewed studies showed that adults with a waist circumference (WC) greater than 88 cm in women and greater than 102 in

men had a higher risk of metabolic disturbances related to high absolute energy expenditure and lower maximal oxygen con-

sumption (VO2 max). Participants with central obesity had a high percentage of body fat (%BF) between 30.6% and 41.6%.

Most PA intervention studies reported reductions in WC between 1.3 and 5.8 cm.

Conclusions: In conclusion, there is a direct relationship between the components of BM with central obesity and a direct

association between central obesity and %BF. PA is a protective factor that should be promoted to reduce WC and control

central obesity as a public health problem. PROSPERO identification record: CRD42021232917.
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Introduction

Obesity  is  a  chronic  condition that  has  become a  serious  public  health  problem,  considered by  the  World  Health  Organization

(WHO) as an epidemic, due to its exponential increase since the early eighties [1]. The WHO defines obesity as an abnormal or ex-

cessive accumulation of fat, which has negative effects on health [2]. In recent years, an increase in obesity has been observed, com-

monly expressed as an increase in waist circumference (WC) (central obesity) [3]. This accumulation of fat at the level of visceral

adipose tissue (VAT) has been related to metabolic abnormalities that contribute to the development of non-communicable diseas-

es (NCDs) such as type 2 diabetes, cardiovascular diseases, arterial hypertension, and various types of cancer [4]. Currently, obesi-

ty affects 13.1% of adults worldwide [5].

The basal metabolic rate (BMR) or basal metabolism (BM) is defined as the minimum amount of energy that the body requires to

be alive [6].  The BM can be determined through predictive equations or indirect calorimetry, the latter being the most accurate

method [6]. Energy expenditure can be increased by the energy used in the practice of physical activity (PA), this being the most

fluctuating component of energy expenditure [7]. Body size, body composition, age, gender, and other factors such as diet, energy

drink consumption, and smoking have also been reported to be modifiers of BM [7].

The relationship between muscle mass (MM) and maximum oxygen consumption (VO2 max) has been widely studied [8-11]; es-

pecially, the percentage of body fat (%BF) and MM, which are the tissues most modulated by PA and eating habits [8]. Although

the relationship between metabolic expenditure, physical activity, and abdominal obesity has been previously described, it will be

important to evaluate it  considering the new findings published in the last  decade.  The exponential  increase in obesity together

with political and social concern about the associated impact has influenced the interest of countries in improving the quality of

life of their populations and investing in public health interventions to reduce this disease.

Through this review, using systematic and explicit search to identify, select and critically appraise the available literature, we aimed

to systematically review the available evidence on the relationship between basal metabolism (BM), body composition, and physi-

cal  activity  (PA) with central  obesity.  All  articles  were  identified in  Medline,  Scopus,  Scielo,  and other  Internet-based academic

search engines.

Methodology

Eligibility and Identification of Studies

Studies considered eligible for this review were limited to randomized, controlled, experimental and observational study designs in-

vestigating the relationships between BM, body composition, and (PA) with central obesity in adults of different age groups, eth-

nicities, and genders. The search and selection of studies were carried out between April and November 2020.

The selection included the projection of titles and abstracts of each article. Studies that met the following criteria were selected: re-

search articles published between 2010 and 2020, including adults of both sexes between 18-65 years of age and with central obesi-

ty. Articles were searched using the Web of Science, PubMed, Google Scholar, and SciELO databases, selecting studies published

in English between 2010 and 2020.



3 Journal of Nutrition and Health Sciences

Annex Publishers | www.annexpublishers.com Volume 10 | Issue 1

A combination  of  the  following  keywords  was  used:  [basal  metabolic  rate],  [physical  activity],  [body  composition],  [abdominal

obesity],  [central  obesity],  and [visceral  obesity].  Preferred reporting items for  systematic  reviews and meta-analyses  (PRISMA)

guidelines were followed. The protocol for this review is available from The International Prospective Register of Systematic Re-

views (PROSPERO) with registry number CRD42021232917.

Data Extraction

A  digital  form  was  developed  using  Google  Tools  (Google  LLC,  Mountain  View,  CA,  USA)  to  extract  relevant  data  from  each

study, such as title, year, journal, authors, country, objective, sample, and study design. In addition, information on the interven-

tions, a summary of results, and conclusions were extracted. During data extraction, attention was paid to the possible inclusion of

duplicate items. Articles were screened and information was extracted only from those studies with confirmed eligibility.

Quality Assessment

The quality of the observational studies (cohort, cross-sectional, and case-control study designs) was assessed using the Strengthen-

ing the Reporting of Observational Studies in Epidemiology (STROBE) checklist, related to structure and the content of observatio-

nal studies. The checklist consists of 22 items grouped into six topics (such as title and abstract; introduction, methods, results, dis-

cussion, and other information. The use of the checklist is to ensure that all important aspects of the study are reported and that

readers can assess the quality and applicability of the study results. This checklist is widely used by researchers, journals, and re-

viewers to improve the reporting of observational studies.  The final scores were converted into percentages [12].  To classify the

studies  according  to  their  methodological  quality,  three  classifications  were  established  considering  the  22  points  (100%):  high

(100% -80%), moderate (79% -40%), or low quality (39% or less).

In addition, the Jadad scale, also known as Jadad scoring the Oxford quality scoring system, was used to assess the quality of the ex-

perimental  studies.  It  is  a  scale  made up of  five  questions that  include only aspects  related to biases,  defined by:  randomization

techniques, masking (double-blind) that prevents patients and the researcher himself from accessing the object of treatment; and

description of follow-up losses. The Jadad scale is a simple questionnaire, quick to apply, and has been validated. Through these

seven questions, an assessment of the validity of a clinical trial can be made. To classify the studies based on their results,  those

with five points were considered rigorous and those with less than three points were considered of poor quality, considering that

each question represented one point [13].

Results

Systematic Search
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Figure 1: PRISMA Flow Chart

Description of Studies

Table 1 summarizes the main findings reported in the selected studies. Most of the articles had a cross-sectional (n= 11) [14-24]

and experimental (n= 10) study design [24-34]. Three studies were case-control [35-37], and one was a cohort study design [38].

These  studies  recruited  a  total  of  4073  participants  and  the  majority  included  individuals  of  both  sexes  (n=18).  However,  six

studies were limited to women only and one to men only. Ten of the selected studies included participants with comorbidities asso-

ciated with central obesity, including hyperglycemia (n=1), type 1 diabetes mellitus (n=1), type 2 diabetes mellitus (n=2), vitamin

D deficiency (n=2), coronary artery disease (n = 1) and metabolic syndrome (n = 2).

Quality Assessment

The methodological  quality  of  the  observational  studies  assessed  through the  STROBE checklist  ranged from moderate  to  high

quality (58.4% and 83.2%). Most of the studies presented problems in measures to deal with possible biases, estimation of sample

sizes, control of independent variables, treatment of missing data, description of the loss of participants, and specification of study

financing. On the other hand, in the experimental studies evaluated through the Jadad scale, the majority presented a low methodo-

logical  quality  with  an  average  of  three  points,  presenting  problems  mainly  in  the  masking  or  double-blinding  method.  Most

studies had problems with measures to address bias, control for independent variables, treatment of missing data, and description

of the loss of participants. The quality scores of the studies included in the systematic review are included in Table 1.

Basal Metabolism Studies

Two studies  evaluated  the  relationship  between central  obesity  and BM.  One of  these  studies  found an inverse  relationship  be-

tween central obesity and BM determined by maximum oxygen consumption (VO2 max) [27]; while the other study indicated a di-

rect relationship between central obesity and BM 17. The second study divided the sample into two groups.
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The women of group 1 presented an average BM of 1488.6 Kcal and a WC of 96.8 cm, while the women of group 2 presented a BM

of 1194.7 Kcal and a WC of 73.8 cm.

A greater risk of metabolic conditions was reported in group 1 related to greater absolute energy expenditure and a WC greater

than 88 cm [17]. To determine VO2 max in people with central obesity, another study divided participants into three groups based

on the amount of PA prescribed and reported a reduction in WC in all groups compared to the control group [30]. Regarding

VO2 max, there were no significant differences between the groups according to the amount and intensity of PA [17,30].

# Authors
(year) study design country of

study
Number of
participants Sex (%) Age (years) Intervention Duration metabolic

expense
body

composition Physical activity quality
score

1 Jyothi R.
(2010)

case and
control India 340 obese and

non-obese 100% F 18-60

-First phase: determine the
prevalence of abdominal
obesity.-Second phase:
compare obesity risk

between obese and non-
obese.

A significant
association between
PA and abdominal
obesity (OR 0.417,

95% CI 0.180-0.968)

47.1%

2 Karamzad
N. (2019)

case and
control Iran

164 subjects with
abdominal

obesity

50%M,
50%F 18-60

-Application of the IPAQ
to classify subjects into

low-level AF, moderate-
level AF, and high-level

AF.-Evaluation of
metabolic syndrome

according to the criteria of
the Iranian committee.-

Evaluation of biochemical
and anthropometric

parameters.

Half of the cases
and controls had
PA between high

(3000 or more
METs) and

moderate (600-3000
METs),

respectively.No
significance was

found between PA
levels and the
incidence of

metabolic
syndrome

(moderate PA [OR
0.69, 95% CI

0.24-1.97]; high PA
[OR 1.25, 95% CI

0.44-3.55])

69%

3 Martinez C.
(2011) cross-section Spain 49 47%M,

53%F 54.84 ± 4.56

-Anthropometric and
dietary assessment-BMR

estimation by Harris-
Benedict and FAO/WHO

calculation

39.1% of men and
26.9% of women
had abdominal
obesity.PA was

between light and
very light (PA for
men 1.45 and PA
for women 1.40).

22%

4 Rahmania
A. (2014) cross-section Iran

161 subjects with
or without

coronary disease

52%M,
48%F 60.5 ± 18.8

-Underwent coronary
angiography for stable
angina.-Bioimpedance

analysis was performed to
measure adipose tissues

and MM.

The mean
levels of WC
and BF were
significantly
higher in the
group with
coronary

disease. MM
was also

significantly
higher in the

group without
CHD.

47.9%

5 Lopes E.
(2010) cross-section Brazil 40 overweight

and eutrophic 100% F

Overweight
(G1) = 36.62

±
7.76Eutrophic

(G2) = 35 ±
7.52 years

-Anthropometric, dietary,
and body composition

evaluations were carried
out through

bioimpedance.-PA was
evaluated through an

accelerometer and energy
metabolism through
indirect calorimetry.

The women
of group 1
presented a

BMR of
1488.58 kcal
and a WC

of 96.78 cm,
while the
women of

group 2
showed a
BMR of

1194.71 kcal
and a WC

of 73.81 cm.

G1 presented higher
WC (p<0.05)
compared to

G2.38.46% and 50%
of women in G1

and G2 respectively
were sedentary.

Both groups were
classified as
sedentary.

28.2%
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6 Rocha L.
(2017) cross-section Brazil 106 23.6% M,

76.4% F 18-60

They were divided into
three groups according to

vitamin D levels:
deficiency, insufficiency,

and
sufficiency.Anthropometric

and body composition
evaluations were made with

bioimpedance and
biochemical and clinical

evaluations.

The vitamin D
deficient group

had 41% BF,
the deficient
group 36%,

and those with
sufficient
vitamin D
levels 32%.

High WC was
observed in those

with vitamin D
deficiency.However,
the prevalence of a
sedentary lifestyle

was higher in
patients with

sufficient vitamin D
(35.8 ± 4.61)

abdominal obesity
and lower in those

with vitamin D
deficiency (18.0 ±

2.62).

58.6%

7 Momesso D.
(2011) control case Brazil

45 subjects with
type 1 diabetes

mellitus and
metabolic

syndrome or
type 1 diabetes

mellitus

100% F 36 ± 9

Body composition and
insulin resistance were

determined by dual-energy
X-ray absorptiometry and

eGSR, respectively.

Total body fat
and peripheral

fat were
similar

between
groups.Central

fat was
negatively

correlated with
eGSR.

43.2%

8 Alvarez C.
(2019) Experimental Chili

89
obese/overweight

inactive
hyperglycemic

subjects

100% F 30-59
They were randomly

assigned to a TC group or
control group.

20 weeks

WC decreased
significantly (-4.0
cm p=<0.0001) in

the TC
group.Regarding

the prevalence rate
of non-response

between the
intervention and

control groups for
WC, it was 7.1%

and 92.9%,
respectively.

3

9 Cruz J.
(2018) cross-section Mexico fifty 44%M,

56%F 19-25

They completed a
questionnaire aimed at

evaluating food intake, in
addition, biochemical and

body composition
parameters were collected.

Regarding the
% BF, a high

occurrence of
overweight
(22%) and

obesity (38%)
was found.

Furthermore,
visceral fat

increased as
WC increased.

62.2%

10 Garcia T.
(2020) Experimental Spain 41 83.3% F,

16.7% M 28-58

They were assigned to an
intervention group of

aPilates program of two
weekly sessions or a control

group.

20 weeks

The intergroup
analysis showed

significant
differences for each

of the variables,
including WC in

pre and post-
intervention.

0

11 Share B.
(2015) Experimental Australia 62 100% F 18-30

They were assigned to a PA
lifestyle intervention group

(2 progressive circuit
sessions and one

unsupervised session at
home), nutritional

education, and cognitive-
behavioral therapy or a

control group.

12 weeks

The
intervention

group
presented

an increase
in VO2 max

by 4.7 ml
kg-1 min-1
or 15%. In
addition,

differences
are

observed in
terms of

total caloric
intake
which

decreased
by 1312 kJ

or 22%.

There were
significant changes
in the intervention
group before and

after WC (-5.8 cm,
-6.4%,

p=<0.05).The
control group also

showed
improvements in
WC before and
after (-5.6cm,

-6.2%)Likewise, in
AF (+183 min-

week, +9.7%).PA
was higher after the
intervention in the
intervention group
as opposed to the

control group.

3
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12 Ross
R.(2015) Experimental Canada 300 65.3% F,

34.7% M 51.4 ± 8.1

They were assigned to a
control group or an

intervention group with
three different programs:-

exercise of low quantity
and intensity (LALI)-

exercise of high quantity
and low intensity (HALI)-
exercise of high quantity

and intensity (HAHI)

24 weeks

The 24-week
reductions in WC

were significant and
greater in LALI

(-3.9cm, p=<0.001),
HALI (-4.6cm,
p=<0.001), and

HAHI (-4.6,
p=<0.001)

compared with the
control group, but

did not differ
between the
intervention

groups.

3

13 Sukala W.
(2013) Experimental New

Zealand 18 72.2% F,
27.8% M 49 ± 5

They were randomly
assigned to resistance

training or aerobic training
3 times per week.

16 weeks

No association
between PA and

abdominal obesity
was determined.

3

14 do
Nascimento) cross-section Brazil 73 69.8% F,

30.2% M 55.7 ± 11.2

PAD prevalence was
assessed using ABI, quality
of life was measured using

a questionnaire, PA was
measured using a modified
Baecke questionnaire, and

body composition was
measured using

impedance.

Analysis of
body

composition
detected an

excess of BF,
especially in
women, but
there was no

difference
between the

groups.

Physical activity did
not differ between
patients with PAD

and those with
normal ABI.No

significant
relationship was

found between ABI
values and PA
questionnaire

scores.

80%

15 Mogre V.
(2012) cross-section Ghana 186 65%M,35%F 20-59

The dietary pattern was
evaluated through food

frequency questionnaires
and PA was determined
through the WHO world

levels questionnaire.

10% of the subjects
performed physical

activity at a high
level and 30% at a

moderate level, and
60% at a low

level.The prevalence
of central obesity

decreased with
AF.Women had a

higher risk of
central obesity than

men.

73.1%

16 Mogre V.
(2014) cross-section Ghana 646 69%M,

32%F 23.06 ± 2.77

Anthropometric
measurements were

taken.The GPAQ
questionnaire was applied
to measure the level of PA

The prevalence
of abdominal
obesity was
4.2%, being

higher in
women at

11.9%,
compared to
men at 0.7%.

In general, 14.7%
performed light PA,

48.8% moderate
PA, and 36.5%

vigorous PA.Of the
27 students with

abdominal obesity,
22.2% performed
light PA, 44.4%

moderate PA, and
33.3% vigorous

PA.However, the
differences were not

significant when
stratifying

abdominal obesity
by PA level.

81.5%

17 Gremeaux
V. (2012) Cohort Canada

62 overweight
and obese
subjects

64.5%M,
35.5%F 53.3 ± 9.7

A program on nutritional
counseling, optimized
high-intensity interval
exercise, and resistance

training 2-3 times per week
were performed.

Anthropometric and
cardiometabolic

measurements were also
made.

9
months

The prevalence of
metabolic

syndrome was
reduced to 32.5%

after completing the
program (pre=
n=37 vs post=

n=25).Thirty-two
patients who

responded to WC
reduction were

identified, with a
reduction of -5.8

cm or -5.15%

73.5%

18 Martinez E.
(2017) cross-section Colombia 236 100%M 30-60

Anthropometric data and
biochemical body
composition were

recorded.The Adult
Treatment Panel III criteria

were used to define
metabolic

syndrome.Metabolic
syndrome components

were calculated and
correlated with body

composition measures.

The WC above
102cm was

found in
11.8%. BMI

and %BF
correlated well

with waist,
blood

pressure,
fasting blood
glucose, and
triglycerides.

51%
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19 Marbou W.
(2019) cross-section Cameroon 604 57.45%M,

42.55%F 43.74 ± 17.21

Interviews, physical,
clinical, and biochemical

examinations were carried
out.The definition of

metabolic syndrome of the
International Diabetes
Federation was used.

He reported that
patients with

metabolic
syndrome are more
likely to have high
WC compared to
normal patients.A

significant
relationship was

observed between
moderate (OR0.65;
95% CI 0.42-0.98)
and high (OR 0.30;
95% CI 0.12-0.72)

PA and central
obesity.

89.2%

20 Shrivastava
U. (2017) Experimental India 267 overweight

subjects
85.8%M,
14.2%F 22-55

A multicomponent
intervention was
performed at the

intervention sites. They
received topics on diet, PA,

and healthy living, and 2
sessions were held on each

topic. Topics on stress
management and two

training sessions were also
given.

6
months

There was a
decrease in WC in
the intervention

group (-1.55
cm).The sedentary

lifestyle was
significantly

reduced.In the
intervention group,

more people
changed from a

sedentary lifestyle
to a more active

one, compared to
the control group.

3

21 Cowan T.
(2018) Experimental Canada 300 60%F,

40%M 52.8 ± 7.6

The subjects were divided
into four groups:-Control-
Exercise of high quantity

and low intensity (HALI)-
High quantity and intensity
(HAHI)-Low quantity and
intensity (LALI)Activities

of daily living were
measured with an
aWCelerometer.

24 weeks

Regarding
VO2, there

were no
differences
between the
groups that
received a

low amount
and low

intensity of
exercise and

the group
that

received a
low amount

and high
intensity.

WC was reduced in
all exercise groups
compared to the
control, but the

reduction value did
not differ between

exercise
groups.LALI

(-5.1cm),
HALI(-6.6cm) and

HAHI(-6.2cm)

2

22 Stensvold D.
(2010) Experimental Norway 43 60.5%M,

39.5%F 50.9 ± 10.4

They were assigned to one
of these four groups:-

Control-Aerobic interval
training-Strength training-

Combination of AIT
(aerobic) and ST

(strength)Each training was
performed 3 times per

week.

12 weeks

The control group
had an increase in
WC while all three

intervention groups
had a significant

decrease: AIT (-1.3
cm), COM

(-0.74cm), ST
(-1.4cm)However,
only the AIT and
ST groups had a

significant
reduction in WC
compared to the
control group.

4

23 Cramer H.
(2016) Experimental Australia 60 100% F 18-64

They were randomly
assigned to a yoga

intervention or a control
group

12 weeks

Thirteen
participants in the

yoga group (32.5%)
achieved a relevant
decrease in WC of

less than 5%
(-3.7cm) compared
to two participants

in the control group
(10%).

3

24 Skrypnik D.
(2015) Experimental Poland 44 50%F,

50%M 18-65

They were randomly
assigned to group A

(endurance training on
cycle ergometers) or group
B (endurance or strength) 3
times per week for 60 min.

3
months

Both groups
resulted in a

decrease in WC
Group A (-5.26cm),

and Group B
(-7.65cm), without

significantly
differing values

between the groups.

2
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25 Pantovic A.
(2019) cross-section Serbian 87 60.92% F,

39.08% M 28-56

They were divided
according to sex and

anthropometric,
bioimpedance, and

biochemical parameters
were evaluated. The results
were compared according
to sex and according to the

month of evaluation.

2
months

Most
parameters

measured by
anthropometry

and
bioimpedance
increased in
those adults

with vitamin D
deficiency,
including

%FM and WC.

82.2%

Table 1: Studies Included in the Systematic Review

Abbreviations: Y, years; weeks, weeks; Mo, months; PA, physical activity; IPAQ, International Physical Activity Questionnaire; BMR, basal

metabolic rate; WC: waist circumference; BMI, body mass index; BF, body fat; MM, muscle mass; eGSR, the estimated glucose storage rate;

CT: concurrent training; VO2max, maximal O2 uptake; PAD, peripheral arterial disease; AAI: ankle-brachial index; GPAQ, Global Physical

Activity Questionnaire; and, %BF, percentage of body fat; F, Female; M, Male.
* Quality score as a percentage for observational studies.

†Quality score as points for experimental studies.

Studies on Body Composition

A study carried out on workers reported that between 11.8% and 43.2% of them had a WC greater than 102 cm [19]. They found

that the %BF increased concerning WC [19]. Three studies found that a high % BF increases cardiovascular risk [14,15,24]. Partici-

pants with and without coronary disease were studied, reporting a directly proportional relationship between WC and %BF, pre-

senting a higher %BF in the group with coronary disease (30.6%) compared to the group without coronary disease (21.1%) [15].

One study evaluated 45 women diagnosed with type 1 diabetes mellitus and divided them into two groups: those with and without

metabolic syndrome. In the group with metabolic syndrome, the WC was higher (89 cm) than in the group without metabolic syn-

drome (79.8 cm). In the same study, the metabolic syndrome group had a %BF greater than 38.4%, suggesting that this central fat

deposit is an important contribution to metabolic syndrome [37]. Two investigations evaluated body composition and central obe-

sity using WC measurements in vitamin D deficient individuals based on serum 25(OH)D levels (<20 ng/mL or <50 nmol/L) and

their findings indicated that there was a direct relationship between this vitamin D deficiency and WC that can be explained by the

accumulation of vitamin D in adipose tissue [18,23]. The WC was higher (119.93 cm) in the group with vitamin D deficiency, com-

pared to the group with adequate levels (100 cm) [18].

Studies on Physical Activity

Three studies reported a significant inverse relationship between PA and the prevalence of central obesity, indicating that non-reg-

ular PA represents a higher risk of central obesity [20,27,35]. One of these studies in which the association between central obesity

and PA was evaluated in 340 obese and non-obese women reported a significant inverse relationship between these two variables

with an OR (95% CI) of 0.417 (0.180-0.968), p= 0.031 [35]. Most of the studies based on interventions of a physical training pro-

gram, regardless of its duration or type of exercise, reported significant improvements in WC [21,22,25-29,32,38]. Most of these

studies reported a reduction in WC between -1.3 cm and -5.8 cm. Three studies indicated that regardless of PA type, intensity lev-

el, or amount, the intervention groups had similar reductions in WC, with no significant differences between groups [28,30,33]. Re-

garding those studies that evaluated PA through questionnaires or accelerometers, the majority indicated that the majority of the

participants performed a level of PA between mild and moderate [20-22,35,36].

In a study in which participants were divided into three groups based on serum 25(OH)D level (deficient: <20 ng/mL, insufficient:

20-29.9 ng/mL, and sufficient: 30-100 ng/ mL), a high prevalence of central obesity was observed in the group deficient in vitamin

D. However, the highest percentage of sedentary lifestyle was found in the group of individuals with sufficient levels of vitamin D

[18].
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One of the studies, based on comparisons between obese and overweight, carried out an intervention program of nutritional ad-

vice and physical training, specifically high intensity, and resistance, and reported that 51% of the participants presented a reduc-

tion in WC after the intervention. In addition, the prevalence of metabolic syndrome decreased to 32.5% after intervention [38].

Discussion

The findings of this systematic review suggest a significant inverse relationship between BF measured by VO2 max and central obe-

sity (WC >102 cm in men and >88 cm in women) [17,27,30]. Studies reported that PA interventions were directly associated with

an increase in VO2 max, a decrease in WC, and an increase in overall physical performance [27,30]. This was previously reported,

reporting an inverse relationship between WC and VO2 max, highlighting the importance of increasing PA to improve the compo-

nents of physical fitness and BM in adults [39].

In one of the studies where a PA intervention was performed for 12 weeks, it was reported that the intervention group had an in-

crease  in  VO2  max,  in  addition  to  a  decrease  in  WC  [27].  This  coincides  with  other  studies  carried  out  in  periods  close  to  12

weeks, where high-intensity training in populations with central obesity had a significant impact on the improvement of physical

performance parameters and metabolic health, such as VO2 max [40,42].

The studies analyzed in this systematic review confirm the relationship between WC and central obesity. Studies reported individu-

als who, subjected to a body composition analysis, presented a WC above healthy values, in turn, presented a high %BF [14,22,24].

These findings are similar to those found in postmenopausal women, where it was observed that women with higher WC had a

high %BF and in turn had a 6.9 times greater risk of suffering from metabolic syndrome than those with a lower %BF [43].

The findings reported by the identified studies suggest that in individuals with central obesity and %BF ≥ 30%, cardiovascular risk

is one of the factors that are increased, compared to those with a healthy %BF. This was observed in three of the studies that evalu-

ated populations with conditions associated with central obesity, such as type 2 diabetes mellitus and coronary disease [14,15,24].

These findings are consistent with those reported by Patino et al., in 2011 to evaluate the factors associated with increased cardio-

vascular  risk,  where  it  was  found  that  one  of  the  most  detrimental  factors  was  central  obesity  (52.7%),  especially  in  women

(p<0.05) [44]. Similarly, Oviedo et al., (2006) reported a direct association between central obesity and coronary disease [45].

Based on the included studies, we highlight the importance of considering the implementation of individual interventions that de-

tect populations with higher cardio-metabolic risk by measuring WC and body composition at the primary health system level or

through community work. In addition, it would be of great help to always consider communication campaigns and food and nutri-

tion education on the importance of maintaining a healthy WC and promoting better eating habits, as well as having policies such

as the front-of package (FoP) nutrition warning labels that would contribute to the development of a healthy food environment

and would empower the population towards better food choices.

Findings linking the relationship between central  obesity and body composition with vitamin D deficiency,  indicate that people

with this deficiency may be more predisposed to elevated WC and elevated %BF [18]. The reasons why this association has been

found are still a matter of scientific discussion. These relationships are likely explained by the role played by vitamin D (liposoluble

vitamin)  in  adipose  tissue,  since  an adequate  vitamin D status  is  related to  mechanisms of  modulation of  the  inflammatory  re-

sponse, reduction of adipogenesis, and, therefore, less secretion of adipocytes [46]. This is consistent with a study where vitamin D

levels of postmenopausal women were investigated and related to body adiposity, reporting that women with central obesity had

higher %BF and vitamin D deficiency according to serum 25(OH)D levels (deficient: ≤20 ng/mL, insufficient: 21-29 ng/mL, and

sufficient: ≥30 ng/mL) [47]. Based on this, it is important to carry out new studies with more adequate designs, preferably case-con-

trol studies, cohort studies, or experimental studies that provide more reliable results and allow a deep understanding of the rela-

tionship between central obesity and vitamin D deficiency. PA interventions in individuals with vitamin D deficiency and central

obesity may probably be less effective in reducing WC than in individuals with adequate vitamin D status.
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In this sense, the literature reports that a higher WC and prevalence of central obesity in individuals with vitamin D deficiency,

compared to those without vitamin D deficiency, despite having similar PA regimens [48]. Based on these findings, vitamin D sup-

plementation in conjunction with PA intervention in individuals with hypovitaminosis D and central obesity is suggested as a top-

ic for future research, which would clarify the extent of this deficiency as a factor that negatively affects PA is less efficient on cen-

tral obesity.

The analysis of the relationship between central obesity and PA suggests that non-regular PA has a detrimental relationship with

central obesity, which coincides with previous findings who indicated a direct association between a style of continuous sedentary

life and central obesity, showing increases in WC in episodes of greater sedentary lifestyle [49]. [46] It has been reported a similar

association between a  sedentary lifestyle  and central  obesity,  with a  sedentary lifestyle  being a  predictor  of  central  obesity  com-

pared to physical activity [50].

The studies analyzed showed that PA interventions could contribute to the reduction of WC. Consistently, it has been reported re-

sponses  on  WC attributable  to  exercise.  They  reported  significant  decreases  in  WC in  eight  of  14  exercise  intervention groups,

compared with controls, in different experimental studies [51]. The findings reported by the studies identified in the present syste-

matic review suggest that a similar reduction in WC can be achieved, regardless of the type of PA performed. However, it has been

reported that aerobic exercise, even below the recommendations for obesity management, was considered effective in reducing vis-

ceral fat, while resistance exercise failed to achieve significant reduction of visceral fat, compared to a control group [52]. Parque et

al., (2003) indicated a greater effect of the combination of aerobic and resistance exercises on visceral fat compared to aerobic train-

ing alone [53].  However,  t  has been found that the WC reductions do not have significant differences between the intervention

groups when applying three different training programs: aerobic exercise, resistance exercise, and combined resistance and aerobic

exercise [31].

Regarding the intensity and quantity of exercise, different studies are inconsistent regarding its relationship with central obesity. Is-

mael et al., (2012) did not find a relationship between the intensity or amount of exercise and the decrease in abdominal fat 50. In

this sense, they did not find a dose-response relationship between the intensity of the exercise and the reduction of the WC, but

they did find a relationship between the amount of exercise and the reduction of the WC, showing a significantly greater decrease

in abdominal fat in the exercise group with the high amount and vigorous-intensity of PA, compared with other exercise interven-

tion groups (low amount  and moderate  intensity,  low amount  and vigorous  intensity)  [54]  .  It  has  been also  suggested a  linear

dose-response association between the level of PA and the change in WC, so that a greater PA generates a greater impact on ab-

dominal adiposity [55].

New studies  are  needed  to  better  understand  the  relationship  between  the  level  of  PA and  central  obesity.  It  would  be  ideal  to

study how each type, duration, and frequency of PA influence abdominal fat, which would allow us to better understand how to re-

duce the risk of central obesity. This systematic review indicates a positive influence of PA on central obesity, which is consistent

with the results of a systematic review in which PA of all types was reported to be able to reduce WC [56].

Central  obesity  is  widely  related  to  metabolic  syndrome,  an  important  cardiometabolic  risk  factor  [57-59].  The  present  review

showed a reduction in WC and a reduction in the prevalence of metabolic syndrome through PA. Consistently, Zajac et al., (2017)

reported that women with a higher level of PA had an almost four times lower risk of metabolic syndrome compared to less active

women [60]. For this reason, it is important to raise awareness and, ideally, educate the population through campaigns on the im-

portance of PA and the negative consequences of a sedentary lifestyle on health. Additionally, due to the complex relationship be-

tween PA, body composition, BM, and even nutrients such as vitamin D with central obesity, it is important to highlight that, to-

gether with the implementation of health programs and policies at the population level, it is necessary to the involvement of a mul-

tidisciplinary team comprised of physicians, nutritionists, and exercise physiologists to improve and successfully treat this condi-

tion.
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A negative association of central obesity with the components of BM is reported, suggesting a greater risk of metabolic alterations.

However, PA interventions demonstrated improvement in these components. It is shown that PA reduces the prevalence of cen-

tral obesity and, with it, the risk of metabolic syndrome. Central obesity is associated with a higher %BF, suggesting a higher risk

of chronic non-communicable diseases. However, PA generated positive changes in WC in participants with central obesity. In in-

dividuals with the additional condition of vitamin D deficiency, the predisposition to present a higher %BF seems to be high and

the effect of PA on obesity seems to be less efficient. PA seems to be an important factor in the treatment and prevention of central

obesity. It is necessary to establish policies that promote PA and the development of a healthy eating environment through differ-

ent policies that modify the food environment, such as the FoP nutrition warning labels food and nutrition education campaigns;

and the prevention of a sedentary lifestyle. It is also advisable to implement a body composition monitoring system as a preventive

measure.

One of the strengths of this review lies in the extraction of recent data. This review offers a critical, complete, novel, and relevant

view of central obesity and its relationship with PA, body mass, and body composition. It also highlights relevant research ques-

tions,  for example,  regarding the relationship between abdominal adiposity and vitamin D deficiency.  Among some limitations,

the limited inclusion of studies is acknowledged. Likewise, the different countries and ethnic groups of the participants can be con-

sidered as limitations of the study, in addition to age and associated comorbidities. The low representation of studies in developing

countries  could  affect  the  generalizability  of  the  findings  and  conclusions.  Developing  countries  have  unique  characteristics  in

terms of sociodemographic, cultural, dietary, and health factors. The lack of data in developing countries could be considered as a

bias, limiting the external validity of the review as well as a better understanding of the relationship between abdominal obesity,

metabolic  variables,  and  PA  level  in  adults.  Additionally,  the  age  range  was  wide,  including  various  age  groups  such  as  young

adults and older adults, which could generate biases in the study results, due to the known influence of age on body composition.

In addition, there were a variety of conditions or diseases associated with central obesity, which could also influence the body com-

position results. The few studies that have reported data on BM can also be considered a limitation for the present review.

In conclusion, a relationship between BM components and central obesity has been proposed. In addition, a direct association was

found between central obesity and %BF. PA contributes to the reduction of WC and the prevalence of central obesity. Vitamin D

deficiency was found to be a risk factor for central obesity. These findings are useful for the design of policies and programs for the

control and prevention of obesity in the adult population.
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