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ABSTRACT

Background: Overweight or obesity is a public health problem worldwide which is increasing both
in the general population and in people with chronic diseases. Over-all both children and adults are
vulnerable to overweight or obesity. This study aims to examine the effect of physical activity, con-
sumption of vegetables and alcohol on overweight or obesity using a meta-analysis.

Subjects and Method: Meta-analysis was carried out using the PRISMA flowchart and the PICO
model. Population: age 6 to 64 years. Intervention: low physical activity, low vegetable and fruit con-
sumption, and high alcohol. Comparison: high physical activity, high vegetable and fruit consum-
ption, and alcohol low. Outcome: overweight or obese. The databases used are Google Scholar, Pub-
Med, and Proquest with keywords (Overweight OR Obesity OR "BMI Status") AND (“Physical
Activity” OR Exercise OR Sport OR Inactive) AND (Vegetable AND Fruit) AND Alcohol AND "Cross
Sectional" AND aOR. There were 22 cross-sectional studies published in 2012-2022 that met the in-
clusion criteria. Analysis was performed with RevMan 5.3.

Results: A meta-analysis was conducted on 22 articles with a cross-sectional study design origin-
ating from Indonesia, Ghana, Arab Emirates, Texas, Ethiopia, Uganda, Botswana, Congo, Bahir Dar,
North Western, Toronto, Zambia, Cameroon and Tanzania involving 91,031 ages 6-64 years. The
results of the meta-analysis showed that someone with low physical activity had a risk of being over-
weight or obese 1.35 times compared to high physical activity (aOR= 1.35; 95% CI= 1.09 to 1.68;
P<0.001), someone with high consumption of vegetables and fruit have a risk of experiencing
overweight or obesity 1.40 times compared to high consumption of vegetables and fruits (aOR= 1.40;
95%CI= 0.94 to 2.08; p<0.001), and someone with high alcohol has a risk of experiencing overweight
or obesity 1.47 times compared low alcohol (aOR= 1.47; 95% CI= 1.31 to 1.65; p<0.001).
Conclusion: Low vegetable and fruit consumption, high alcohol consumption and low physical acti-
vity can increase the risk of being overweight or obese.
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BACKGROUND cancers, and so on (WOF,2022). Overweight
Overweight or obesity as a multifactorial di- or obesity can also increase the risk of
sease, chronic, recurrent, and a risk factor depression and affect other mental health
for other non-communicable diseases such conditions, and can even pose a risk of death
as diabetes, cardiovascular disease, various (Anstey et al., 2011; Dai et al., 2020).
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From 1975 to 2016, obesity has nearly
tripled. In 2016, the number of overweight
sufferers reached 1.9 billion adults aged 18
years and over and of these, the number of
obese people was recorded at more than 650
million people (Ladhani et al., 2017; WHO,
2021). Worldwide, 2.8 million people die
each year as a result of being overweight or
obese, and an estimated 35.8 million (2.3%)
of global Disability-Adjusted Life Years
(DALY) are caused by overweight or obesity
(WHO, 2022). The increase in obesity in
children is more than tenfold, which is esti-
mated from 11 million to 124 million, and as
many as 216 million children are classified
as overweight (WOF, 2022).

Just like other chronic diseases, obes-
ity has many risk factors that interact with
each other. Several previous studies stated
that the risk factors for obesity include gene-
tic factors, individual behavioral factors in-
cluding physical activity, vegetable and fruit
consumption, alcohol consumption, socio-
economic factors including income and edu-
cation, and environmental factors including
sociodemographics, access to health service,
social culture, availability processed pro-
ducts or fast-food restaurants (Sheikh et al.,
2022; Hruby and Hu, 2016).

Lack of physical activity is a major risk
factor for overweight or obesity, because it
will affect the balance of energy intake and
expenditure (Mayulu, 2013; Sudikno et al.,
2010). Quoted from The Physical Activity
Guidelines for Americans, physical activity
promotes normal growth and development,
sleeps better, and reduces the risk of a
number of chronic diseases including being
overweight or obese. Adults should engage
in moderate-intensity physical activity for at
least 150 minutes to 300 minutes a week, or
vigorous-intensity aerobic activity for at
least 75 minutes to 150 minutes a week, or
also be able to engage in physical activity a
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combination of both moderate and vigorous
intensity physical activity (HHS, 2018).

Excessive alcohol use can lead to the
development of chronic diseases and other
serious problems including being overweight
or obese. Conversely, not consuming exces-
sive alcohol can reduce the risk of short-
term and long-term health problems (CDC,
2022).

In this study, researchers were inte-
rested in compiling a systematic review and
meta-analysis regarding "The effect of phy-
sical activity, consumption of vegetables and
fruit, and alcohol on overweight or obesity”.
This study aims to examine the effect of phy-
sical activity, consumption of vegetables and
alcohol on overweight or obesity using a
meta-analysis.

SUBJECTS AND METHOD

1. Study Design

The meta-analysis was carried out using the

PRISMA flowchart using the Google Scholar,

PubMed, and Proquest databases. The key-

words used are (Overweight OR Obesity OR

"BMI Status") AND (“Physical Activity” OR

Exercise OR Sport OR Inactive) AND (Vege-

table AND Fruit) AND Alcohol AND "Cross

Sectional" AND aOR. There were 22 primary

studies that met the inclusion criteria of this

study. Data analysis was performed with

RevMan 5.3.

2. Steps of Meta-Analysis

Meta-analysis is carried out through 5 steps

as follows:

1) Formulate research questions following
PICO model. Population: age 6 to 64
years. Intervention: low physical activity,
low vegetable and fruit consumption, and
high alcohol. Comparison: high physical
activity, high consumption of vegetables
and fruit, and low alcohol. Outcome:
overweight or obese.
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2) Search for primary study research articles
from 3 online databases, namely Google
Scholar, PubMed, and Pro-quest.

3) Conduct screening and quality assess-
ment of primary research articles.

4) Extracting and analyzing data into the

RevMan 5.3 application.
5) Interpret the results and draw
conclusions.

3. Inclusion Criteria

Full-paper article using cross sectional
design. The analysis used is multivariate
with adjusted odds ratio (aOR). The re-
search subjects were children aged 6 years to
adults aged 64 years. The intervention is
physical activity, consumption of vegetables
and fruit, alcohol. The research outcome is
overweight and or obesity.

4. Exclusion Criteria

Exclusion criteria were articles non-English
languages and articles published before
2012 and after 2022.

5. Operational Definition of Variables
Physical activity is activities that include
physical activity, both light, moderate and
heavy intensity expressed in the form of fre-
quency per day.

The consumption of vegetables and
fruit is the consumption habits of vege-
tables and fruit expressed in the form of fre-
quency of eating <5 times or >5 times day.
Alcohol consumption is the habit of
using alcohol in the form of drinking fre-
quency > 1 glass or < 1 glass per day.
Overweight or obesity is the condition of
being overweight with a BMI value in adults
equivalent to > 25 kg/m2 for overweight or
> 30 kg/m2 for obesity, and in children
equivalent to > +1 SD for overweight or > +2
SD for obesity.

6. Study Instruments

The quality assessment of the primary arti-
cles in this study used a critical assessment
checklist for cross-sectional studies pu-
blished by the Joanna Briggs Institute (JBI).
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7. Data Analysis

The articles in this study were collected
using the PRISMA diagram and analyzed
using the Review Manager 5.3 application
(RevMan 5.3) by calculating the effect size
and heterogeneity (I2) to determine the
combined research model and form the final
results of the meta-analysis. The results of
data analysis are presented in the form of
forest plots and funnel plots.

RESULTS

The process of searching for primary articles
related to the effect of physical activity, con-
sumption of vegetables and fruit, and alco-
hol on overweight or obesity in this meta-
analysis study was carried out on 3 online

databases and the results obtained were 22

articles which can be seen in Figure 1.

PRISMA Flow Diagram.

The total articles in the initial search
process were 10,445 articles with details of
9,200 articles from the Google Scholar data-
base, 11 articles from the PubMed database,
1,234 articles from the Proquest database.
Then, 1,009 articles were deleted and 993
articles were filtered. From a total of 216 eli-
gible full-text articles, 22 were included in
the synthesis meta-analysis. Full text articles
included in the exclusion criteria are due to
the following reasons:

1) Outcomes and interventions from the
study did not match the PICO criteria or
formula in this study.

2) The research subjects were not aged 6 to
64 years, but included ages less than 6
years or more than 64 years.

3) Does not include the adjusted odds ratio
(aOR) as the result of multivariate logistic
regression analysis.

4) Study design other than cross sectional

5) The operational definitions of the varia-
bles of physical activity, vegetable and
fruit consumption, alcohol, overweight or
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obesity do not match the operational defi- nitions of these variables in this study.

Duplicated articles (n= 1,009)
Ineligible by automation tools (n= 1,422)
Not full text (n= 7,021)

Articles identified through database
and combined (n= 10,445)

\ 4

Filtered articles . .
(n= 993) » Not primary studies (n= 623)
Con}plete atrtich::is that meg(‘; thed Article doesn’t match with PICO (n= 235)
requiremen (S a_n ar)e considere » Not multivariate analysis (n=76)
n= 2370 Effect size is not aOR (n= 37)
\ 4
Articles included in the
qualitative synthesis
(n=22)
A\ 4
Articles included in quantitative
synthesis of meta-analysis
(n=22)
Figure 1. PRISMA Flowchart
Figure 2 shows the distribution area of the (Toronto, Texas), and 18 articles from the
primary articles used in this study which are African Continent (Cameroon, Zambia,
spread over 3 continents, namely 2 articles Bahir Dar, North Western, Ghana, Ethiopia,
from the Asian Continent (Indonesia, Arab Botswana, Uganda, Tanzania, Congo).

Emirates), 2 articles from the Americas

2 Artiles in
Asia 2l

Figure 2. Map of the study area on the effects of physical activity, fruit and
vegetables intake, and alcohol consumption on overweight or obesity
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Table 1 shows the results of the primary
study quality assessment used in this study.
Assessment of the quality of the primary
studies in this study was carried out using a
critical appraisal checklist cross sectional
study by JBI (Joanna Briggs Institute, 2017).

Based on the results obtained from the study
quality assessment, the total scores in the 22
selected primary studies ranged from 15 to
16, this indicates that the quality of all pri-
mary articles used in this study is feasible for
meta-analysis.

Table 1. Critical appraisal checklist for cross sectional study the effect of physical
activity, consumption of vegetables and fruit, and alcohol on overweight or obesity

Question Criteria

Author 1 2 3 4 5 6 ~ 8 Total
Arfines et al. (2020) 2 2 1 2 2 2 2 2 15
Aryeetey et al. (2017) 2 2 2 2 2 2 2 2 16
Besa et al. (2013) 2 2 2 1 2 2 2 2 15
Baniissa et al. (2020) 2 2 2 2 2 2 2 2 16
Bejarano et al. (2022) 2 2 1 2 2 2 2 2 15
Bogale & Zewale (2019) 2 2 2 2 2 2 2 2 16
Dagne et al. (2019) 2 2 2 2 2 2 2 2 16
Darebo et al. (2019) 2 2 2 2 2 2 2 2 16
Fikre et al. (2022) 2 2 2 2 2 2 2 2 16
Kabwama et al. (2018) 2 2 2 2 2 2 2 2 16
Keetile et al. (2019) 2 2 2 2 2 2 2 2 16
Mawaw et al. (2017) 2 2 2 2 2 2 2 2 16
Mekonnen et al.(2018a) 2 2 2 2 2 2 2 2 16
Mekonnen et al. (2018b) 2 2 1 2 2 2 2 2 15
Menon et al. (2019) 2 2 2 2 2 2 2 2 16
Mogre et al. (2015) 2 2 2 2 2 2 2 2 16
Rudatsikira et al. (2012) 2 2 2 2 2 2 2 2 16
Simo et al. (2021) 2 2 2 2 2 2 2 2 16
Tateyama et al. (2018) 2 2 2 2 2 2 2 2 16
Tekalegn et al. (2022) 2 2 1 2 2 2 2 2 15
Tesfaye et al. (2020) 2 2 2 2 2 2 2 2 16
Zubery et al. (2021) 2 2 2 2 2 2 2 2 16

Description of the question criteria:
1 =

Are the criteria included in the sample clearly defined?
Avre the research subjects and settings explained in detail?

What are the standard criteria used for measuring objective conditions?

2
3 Is exposure measured in a valid and reliable way?

4

5 = Were confounding factors identified?

6 = Was astrategy for dealing with confounding factors stated?
7 = Are the results measured in a valid and reliable way?

8 Was proper statistical analysis used?

Answer score description:

o = No

1 = Can’ttell

2 = Yes

Table 2 presents descriptions of 22 primary
studies with cross-sectional study designs
that were included in the meta-analysis of
the effect of physical activity, consumption
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of vegetables and fruits, and alcohol on
overweight or obesity. There are 22 articles
with a total sample of 92,229 people aged 6
to 64 years.
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Table 2. Description of primary cross-sectional study included in the meta-analysis
of the effect of physical activity, consumption of vegetables and fruit, and alcohol

on overweight or obesity (N=92,229)

Author Country Sample P I C (o)
Arfines et al. Indonesia 3,116 Age < Low physical activity High physical activity Overweight
(2020) 18 years (<60 minutes/day), (=60 minutes/day), or obesity

high alcohol (>1 low alcohol (<1 glass/
drink/day) day)
Aryeetey et al. Ghana 3,089 Age9gto Low physical activity High physical activity Overweight
(2017) 15years (<60 minutes/day) (=60 minutes/day) or obesity
Baniissa et al. Arab 932 Age 13 Low physical activity High physical activity Overweight
(2020) Emirates to 19 (<60 minutes/day), (=60 minutes/day), or obesity
years low consumption of high consumption of
vegetables and fruit vegetables and fruit
(<5 times/day) (=5 times/day)
Bejarano et al. Texas 58,561 Age7to Low physical activity High physical activity Overweight
(2022) gyears (<60 minutes/day) (=60 minutes/day) or obesity
Bogale and Zambia 1,198 Age > 24 High alcohol (> 1 Low alcohol (=1 Overweight
Zewale (2019) years glass / day) drink/day) or obesity
Dagne et al. Ethiopia 1,915 Age > Low physical activity High physical activity Overweight
(2019) 25 (<60 minutes/day), (=60 minutes/day),  or obesity
years high alcohol (>1 low alcohol (<1 glass/
drink/day) day)
Dareboetal.  Ethiopia 751 Age18  Low physical activity High physical activity Overweight
(2019) to 64 (<60 minutes/day), (=60 minutes/day), or obesity
years high alcohol (>1 low alcohol (<1 glass/
drink/day) day)
Fikre et al. Ethiopia 531 Age 18- Low physical activity High physical activity Overweight
(2022) 64 (<60 minutes/day), (=60 minutes/day), or obesity
years high alcohol (>1 low alcohol (<1 glass/
drink/day) day)
Kabwama et al. Ethiopia 524 Age > Low physical activity High physical activity Overweight
(2018) 18 years (<60 minutes/day), (=60 minutes/day), or obesity
high alcohol (>1 low alcohol (<1 glass/
drink/day) day)
Keetile et al. Bostwana 1,178 Age > Low physical activity High physical activity Overweight
(2019) 24 (<60 minutes/day), (=60 minutes/day), or obesity
years low consumption of  high consumption of
vegetables and fruit  vegetables and fruit
(<5 times/day), high (=5 times/day), low
alcohol (>1 glass/day, alcohol (<1 glass/day)
Mawaw et al.  Kongo 430 Age > Low physical activity High physical activity Overweight
(2017) 20 (<60 minutes/day), (=60 minutes/day), or obesity
years high alcohol (>1 low alcohol (<1
drink/day) glass/day)
Mekonnen Bahir Dar 634 Age 6to Low physical activity High physical activity Overweight
(2018a) 12years (<60 minutes/day), (=60 minutes/day), or obesity
low consumption of high consumption of
vegetables and fruit  vegetables and fruit
(<5 times/day) (=5 times/day)
Mekonnen North 524 Age > Low physical activity High physical activity Overweight
etal. (2018b) Western 18 years (<60 minutes/day), (=60 minutes/day), or obesity

low consumption of
vegetables and fruit
(<5 times/day)

high consumption of
vegetables and fruit
(=5 times/day)
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Author Country Sample P I C (o)
Menonetal. Toronto 9,866 Age 11to Low physical activity High physical activity Overweight
(2019) 17years (<60 minutes/day), (=60 minutes/day), or obesity

low consumption of high consumption of

vegetables and fruit  vegetables and fruit

(<5 times/day) (=5 times/day)
Mogre et al. Ghana 552 Age 18 to Low physical activity High physical activity Overweight
(2015) 36 years (<60 minutes/day), (=60 minutes/day), or obesity

low consumption of high consumption of

vegetables and fruit  vegetables and fruit

(<5 times/day), high (=5 times/day), low

alcohol (>1 glass/ alcohol (<1 glass/day)

day)
Rudatsikira Zambia 1,915 Age > 25 Low physical activity High physical activity Overweight
et al. (2012) years (<60 minutes/day), (=60 minutes/day), or obesity

high alcohol (>1 low alcohol (<1

drink/day) glass/day)
Besa et al. Zambia 1,198 Age = 24 High alcohol (> 1 Low alcohol (<1 Overweight
(2013) years glass / day) drink/day) or obesity
Simo et al. Cameroon 485 Age > 18 Low physical activity High physical activity Overweight
(2021) years (<60 minutes/day), (=60 minutes/day), or obesity

high alcohol (>1 low alcohol (<1

drink/day) glass/day)
Tateyama et al. Zambia 690 Age25  Low physical activity High physical activity Overweight
(2018) to 64 (<60 minutes/day), (=60 minutes/day), or obesity

years low consumption of  high consumption of

vegetables and fruit  vegetables and fruit

(<5 times/day), high (=5 times/day), low

alcohol (>1 glass/ alcohol (<1 glass/day)

day)
Tekalegn et al. Ethiopia 694 Age >18 Low physical activity High physical activity Overweight
(2022) years (<60 minutes/day), (=60 minutes/day), or obesity

low consumption of high consumption of

vegetables and fruit  vegetables and fruit

(<5 times/day) (=5 times/day)
Tesfaye etal.  Ethiopia 663 Age 18 to Low physical activity High physical activity Overweight
(2020) 64 years (<60 minutes/day) (=60 minutes/day) or obesity
Zuberyetal. Tanzania 305 Age 18 to Low physical activity High physical activity Overweight
(2021) 60 years (<60 minutes/day) (=60 minutes/day) or obesity
Table 3, Table 4, and Table 5 presents des- sical activity, consumption of vegetables

criptions of 22 primary studies with cross-
sectional study designs that were included
in the meta-analysis of the effect of phy-
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and fruits, and alcohol on overweight or
obesity. There are 22 articles with a total
sample of 92,229 people aged 6 to 64 years.
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Table 3. Adjusted Odds Ratio (aOR) effect of physical activity on overweight or
obesity (N=92,229)

0,
Author (Years) AOR Upper CI 95% Lower
Arfines et al. (2020) 0.89 0.77 1.03
Aryeetey et al. (2017) 1.44 1.07 1.94
Baniissa et al. (2020) 2.09 1.36 3.21
Bejarano et al. (2022) 0.76 0.50 1.16
Bogale and Zewale (2019) 2.42 1.36 4.31
Dagne et al. (2019) 1.16 0.18 7.47
Darebo et al (2019) 3.10 1.72 5.59
Fikre et al (2022) 2.96 1.55 5.65
Kabwama et al. (2018) 0.90 0.59 1.37
Keetile et al. (2019) 1.46 1.03 2.07
Mawaw et al. (2017) 4.04 0.88 18.55
Mekonnen et al. (2018) 2.87 1.21 6.81
Mekonnen et al. (2018) 0.61 0.37 1.01
Menon et al. (2019) 1.29 1.03 1.62
Mogre et al. (2015) 2.10 0.50 8.82
Rudatsikira et al. (2012) 0.72 0.41 1.26
Simo et al. (2021) 1.10 0.60 2.02
Tateyama et al. (2018) 0.56 0.23 1.36
Tekalegn et al. (2022) 0.84 0.55 1.28
Tesfaye et al. (2020) 2.68 1.70 4.22
Zubery et al. (2021) 1.98 0.69 5.68

Table 4. Adjusted Odds Ratio (aOR) effect of alcohol activity on overweight or
obesity (N=92,229)

V)
Author (Years) AOR Upper Cl195% Lower
Arfines et al. (2020) 1.37 0.52 3.61
Besa et al. (2013) 1.49 1.25 1.78
Bogale and Zewale (2019) 2.27 1.23 4.19
Dagne et al. (2019) 1.75 1.04 2.94
Darebo et al (2019) 2.54 1.40 4.61
Fikre et al (2022) 2.23 1.30 3.84
Kabwama et al. (2018) 1.20 0.87 1.66
Keetile et al. (2019) 1.23 0.53 2.85
Mawaw et al. (2017) 1.97 0.89 4.36
Mogre et al. (2015) 8.20 2.20 30.56
Rudatsikira et al. (2012) 1.20 0.78 1.85
Simo et al. (2021) 1.21 0.76 1.93
Tateyama et al. (2018) 1.35 0.83 2.17
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Table 3. Adjusted Odds Ratio (aOR) effect of consumption vegetables and fruit on

overweight or obesity (N=92,229)

0,
Author (Years) AOR Upper CI 95% Lower
Baniissa et al. (2020) 2.41 1.73 3.36
Kabwama et al. (2018) 0.93 0.75 1.15
Keetile et al. (2019) 0.80 0.28 2.29
Mekonnen et al. (2018a) 6.45 3.19 13.04
Mekonnen et al. (2018b) 0.51 0.35 0.77
Menon et al. (2019) 1.08 0.88 1.33
Mogre et al. (2015) 2.60 1.20 5.63
Tateyama et al. (2018) 2.00 1.07 3.74
Tekalegn et al. (2022) 0.87 0.57 1.33

The effect of Physical Activity on
Overweight or Obesity

The forest plot in Figure 3 shows that there
is an effect of low physical activity on over-
weight or obesity, and this effect is statisti-
cally significant. Someone with low physical
activity has a risk of being overweight or
obese 1.35 times compared to someone with
high physical activity (aOR=1.35; 95% CI
1.09 to 1.68; p=0.006). The forest plot also
shows high heterogeneity effect estimates

between primary studies with I2= 78%
(p<0.001). Thus, the calculation carried out
with the Random Effect Model (REM).

The funnel plot in Figure 4 shows that
the distribution of effect estimates between
studies is more or less symmetrical, that is,
the distribution of effect estimates to the
right and left of the average vertical line of
effect estimates is relatively the same. Thus,
this funnel plot indicates that there is no
publication bias.

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_ Weight IV, Random, 95% CI IV, Random, 95% CI
Arfines 2020 01165 00739 73% 068077, 1.03] ~]
Aryeetey 2017 03646 01515  6.6%  1.44[1.07,1.94] —
Banilssa 2020 07372 02192 58%  2.08[1.36, 3.21] —_—
Biejarano 2022 02744 02136 50%  0.FG[0.50,1.16] —
Bogale dan Zewals 2018 06838 0294  48%  242[136, 4.31]
Dagne 2019 00202 08938 13%  088[0.17, 565]
Darebo 2018 11314 03006  48%  310[1.72 5.59]
Fikre 2022 1.0852 03301  45%  2.95[1.55, 5.65]
Kabwarna 2018 01064 02154  58%  0.80[0.59,1.37] ——
Keetile 2019 03784 0178 B3%  1.46[1.03,2.07] ——
Mawwaws 2017 13862 07776  1.6%  4.04 [0.88, 18.55]
Wekonnen 2018 1.0543 04407  34%  2Z87[1.21, 6.81]
Wekorinen et al 2018 -0.4843 02551 54%  061[0.37,1.01] —
Wenon 2019 02546 01148  7.0%  1.28[1.03, 162 ——
Mogre 2015 07418 07322 17%  210[050, 8.82]
Rudatsikira 2012 -0.3285 02873 50%  0.72(0.41,1.26] —
Sirno 2021 0.0853 03093  47%  1.10[0.60, 2.02] S
Tateyama 2018 05798 0454 33%  0.56[0.23,1.36] —
Takalegn 2022 01744 02161 58%  0.64[0.55 1.26] —
Tasfaye 2020 09858 02322 57%  268[1.70,4.27] —
Zubery 2021 0.6831 05378  27%  1.95[0.69, 5.66] —
Total (95% CI) 100.0%  1.35[1.09, 1.68] L 2
Heterogeneity: Tau?= 0.16; ChiF = 90,36, df= 20 (P < 0.00001); F= 78% b s : =
Testfor overall sfiect 2= 2.75 (P = 0.008) Akifitas Fisik Tinggi Akifitas Fisik Rendah

Figure 3. Forest plot meta-analysis the effect of physical activity
on overweight or obesity
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Figure 4. Funnel plot meta-analysis the effect of physical
activity on overweight or obesity

The effect of Alcohol on Overweight or
Obesity

The forest plot in Figure 5 shows that there
is an effect of alcohol on overweight or
obesity, and this effect is statistically signi-
ficant. People with high alcohol had a risk of
being overweight or obese 1.47 times compa-
red to someone with low alcohol (aOR= 1.47;
95% CI 1.31 to 1.65; p<0.001). The forest
plot also shows low heterogeneity of effect
estimates between primary studies with 12 =

19% (p= 0.260). Thus, the calculation of
effect estimation is carried out using the
fixed effect model approach.

The funnel plot in Figure 6 shows that
the distribution of effect estimates between
studies is more or less symmetrical, that is,
the distribution or distribution of effect esti-
mates to the right and left of the vertical line
of the average effect estimates is relatively
the same. Thus, this funnel plot indicates
that there is no publication bias.

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Drarebo 20149 0.9322 0.3039 3.8%  2.54[1.40,4.61]
Bogale dan Zewale 20149 0.8198 0.3126 JE% 2T [1.23, 4149
Fikre 2022 0.802 0.2769 4. 6% 2.23[1.30, 3.84]
il arvwanw 2017 0678 0.4054 21% 1.97[0.89, 4 36]
Diagne 2019 05595 0.265%5 0% 1.75[1.04, 2.84] -
Besa 2013 03988 0.0896 4345% 1.49[1.28,1.78] ——
Arfines 2020 03148 04943 1.4% 1.37[0.52, 3.61]
Tatevama 20183 0.3001 0.2421 0% 1.35[0.84, 217] ]
keeatile 2019 0.207 0.4284 1.9% 1.23[0.53, 2.84]
Sirmoa 2021 01906 02373 B2% 1.21[0.F6,1.83] —
Fudatsikira 2012 01823 0.2198 T.2% 1.20[0.78, 1.84]
Kabwarma 2018 01823 01641 13.0% 1.20[0.87,1.66] - T
fogre 2015 -0.3567 0.4323 1.9% 0.70[0.30,1.63]
Total (95% Cl) 100.0% 1.47 [1.31, 1.65] &
Heterogeneity: Chif=14.73, df=12 (P=0.26), F=19% 0!5 D!? 1!5 é

Testfor owerall effect: £=6.51 (P = 0.00001}
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Figure 5. Forest plot meta-analysis the effect of alcohol on overweight or obesity
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Figure 6. Funnel plot meta-analysis the effect of alcohol
on overweight or obesity

Effect of vegetable and fruit con-
sumption on overweight or obesity
The forest plot in Figure 7 shows that there

is an effect of low vegetable and fruit
consumption on overweight or obesity, and
this effect is statistically close to significant.
A person with low vegetable and fruit
consumption has a risk of being overweight
or obese 1.40 times compared to high vege-
table and fruit consumption (aOR= 1.40;
95% CI= 0.94 to0 2.08; p=0.090). The forest

estimates between primary studies with 12 =
89% (p<0.001). Thus, the calculation of
effect estimation is carried out using the
Random Effect Model (REM) approach.
The funnel plot in Figure 8 shows that
the distribution of effect estimates between
studies is more or less symmetrical, that is,
the distribution of effect estimates to the
right and left of the average vertical line of
effect estimates is relatively the same. Thus,
this funnel plot indicates that there is no

plot also shows high heterogeneity of effect publication bias.
Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% Cl IV, Random, 95% CI
Baniizsa 2020 08796 01691 127% 241 [1.73, 3.36] e
Kabwama 20148 -00726 01093 13.4% 0.93[0.75,1.119] =
leetile 2019 -0.2231 048356 T.0% 0.80[0.28, 2.29]
Mekannen 2018 1.8641 0.3542 9.7% 46318, 13.04] -
Mekaonnen etal 20148 -0ET33 02069 122% 0.41[0.24,0.77] e —
Menon 2019 0077 01045 1348% 1.08[0.88,1.33] -
Mogre 2014 09555 0.38945 91% 2B0[1.20,5.63] e —
Tateyama 2018 0E931 031491 10.3% 200[1.07,3.74] e E—
Tekalegn 2022 -01393 021587 121% 0.87[0.57,1.33] i
Total (95% CI) 100.0% 1.40 [0.94, 2.08] e
Heterogeneity, Tau®=0.29; Chi®=71.15, df= 8 (P = 0.00001); F= 89% DTE Dfﬁ é é 1'E|

Testfor overall effect £=1.68 (F =0.09)
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Figure 7. Forest plot meta-analysis the effect of vegetables and fruit
consumption on overweight or obesity
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Figure 8. Funnel plot meta-analysis the effect of vegetable and fruit
consumption on overweight or obesity

DISCUSSION

The effect of physical activity on Over-
weight or obesity
WHO in 2000 defined overweight or obesity
as excessive accumulation of fat due to an
imbalance between energy intake and
energy expenditure in the long term
(Kemenkes RI, 2015). Overweight is a condi-
tion of body weight with an obese body mass
index of 25 kg/m2 or higher, and obesity of
30 kg/m2 or higher. Overweight children
aged 2 years and over have a BMI based on
age and sex of >+1 standard deviation, and
obesity has BMI of >+2 standard deviations.

Based on the results of a meta-analysis
of 21 primary studies in this study, it was
shown that someone with low physical acti-
vity has a risk of being overweight or obese
1.35 times compared to high physical activity
(aOR=1.35; 95% CI= 1.09 to 1.68; p<0.001).
The results of this study are in line with
research by (Keetile et al., 2019) which
shows that poor physical activity is signi-
ficantly associated with overweight or
obesity. A person with poor physical activity
is 1.46 times more likely to be overweight or

www.jepublichealth.com

obese than someone with good physical acti-
vity (aOR= 1.46; 95% CI= 1.03 to 2.07).

Research by (Fikre et al., 2022) also
showed similar results, namely the percen-
tage of low physical activity was higher in
someone who was overweight or obese
(18.5%) compared to high physical activity
(3.7%). The results of this study also show
that reduced physical activity is a significant
risk factor for overweight or obesity.

The effect of alcohol on Overweight or
obesity

Alcohol can be a drug of addiction, besides
that it can be a cause of about 60 different
types of diseases and conditions, and alcohol
consumption is one of the factors involved in
the development of obesity in adults. One
study showed that someone who consumed 1
to 2 drinks of alcohol per week had a higher
risk of obesity compared to someone who
consumed 3 to 5 drinks per week (Anderson,
2008; IARD Health Review, 2013).

The results of a meta-analysis of 13
primary studies in this study showed that
someone with high alcohol had a risk of
being overweight or obese 1.47 times com-
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pared to low alcohol (aOR=1.47; 95% CI=
1.31 to 1.65; p<0.001). The results of this
study are in line with research by (Arfines et
al., 2020) which shows that alcohol con-
sumption is significantly associated with
overweight or obesity. A person who con-
sumes alcohol is 1.37 times more likely to be
overweight or obese than someone who does
not consume alcohol (aOR= 1.37; 95% CI=
0.52 to 3.61). The results of this study also
show that increased alcohol consumption is
a significant risk factor for overweight or
obesity.

This meta-analysis shows that physical
activity and alcohol have a significant effect
on overweight or obesity. Meanwhile, the
effect of vegetable and fruit consumption on
overweight or obesity is statistically close to
significant. Low physical activity has a risk
of being overweight or obese 1.35 times com-
pared to high activity, low consumption of
vegetables and fruit has a risk of experien-
cing overweight or obesity 1.40 times com-
pared to high consumption of vegetables and
fruit, and high alcohol has a risk of experien-
cing overweight or obesity 1.47 times that of
low alcohol.

The effect of vegetable and fruit con-
sumption on overweight or obesity

In general, vegetables and fruit are sources
of vitamins, minerals and dietary fiber which
are recommended for consumption by
adults of 400 to 600 grams per day so as to
reduce the risk of overweight or obesity
(Kemenkes RI, 2014).

The results of a meta-analysis of 9 pri-
mary studies in this study showed that a
person with low vegetable and fruit con-
sumption had a risk of being overweight or
obese 1.40 times compared to someone with
a high consumption of vegetables and fruit
(aOR=1.40; 95%CI= 0.94 to 2.08; p<0.001).

The results of this study are in line
with research by (Mogre et al., 2015) which
shows that low vegetable and fruit consump-
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tion is significantly associated with over-
weight or obesity. Someone with a low con-
sumption of vegetables and fruit has a 2.60
times chance of being overweight or obese
compared to someone with a high consump-
tion of vegetables and fruit (aOR= 2.60; 95%
CI= 1.20 to 5.63). The results of this study
also show that reduced consumption of
vegetables and fruit is a significant risk
factor for overweight or obesity.

This study has several limitations, in-
cluding language bias because this research
only uses primary studies published in
English. In this study, there were also limita-
tions in searching for primary studies be-
cause the researcher only searched 3 online
databases, namely Google Scholar, PubMed,
and Proquest
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