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ABSTRACT 
 
Background: Weight gain during pregnancy is related to optimizing health for both mother and 
baby. In addition, the increase in pregnancy weight is also an important indicator of maternal nutri-
tion fulfillment during pregnancy and is a good measure to monitor fetal growth. This study aims to 
estimate the average effect of inadequate gestational weight gain on the risk of low birth weight and 
small for gestational age. 
Subjects and Method: This was a systematic review and meta-analysis with PRISMA guideline 
and PICO model. Population: pregnant women. Intervention: inadequate gestational weight gain. 
Comparison: normal gestational weight gain. Outcome: low birth weight and small for gestational 
age.  Online databases used are PubMed, SpringerLink, Scopus, and ProQuest with the keywords 
"Gestational Weight Gain" OR “Inadequate Weight Gain" AND "Low Birth Weight" OR "Birth Weight 
Infant” OR “Pregnancy Outcomes" AND "Small Gestational Age" AND "Multivariate" AND "Cohort". 
There were 19 cohort studies published in 2013-2022 that met the inclusion criteria. The analysis 
was conducted using the Review Manager 5.3 application. 
Results: Meta-analysis using 19 cohort studies showed that pregnant women with inadequate 
weight gain had a risk of giving birth to infants with low birth weight 1.94 times compared to those 
with normal gestational weight (aOR= 1.94; CI 95%=1.74 to 2.16; p<0.001) and pregnant women 
with inadequate gestational weight gain had 1.69 times higher risk of giving birth to infants with 
small for gestational age than those with normal gestational weight (aOR= 1.69; 95% CI= 1.55 to 
1.85; p<0.001). 
Conclusion: Inadequate gestational weight gain increases the risk of low birth weight and small for 
gestational age. 
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BACKGROUND 

Gestational weight gain (GWG) aims to opti-

mize maternal and infant health (Siega-Riz 

et al., 2019). Therefore, pregnant women 

need to gain weight according to the reco-

mmendations to reduce adverse health 
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risks. During pregnancy, mothers are not 

recommended to reduce weight because it 

will affect health outcomes. Based on the 

data compiled by the CDC (2022), it is 

known that 32% of women have a normal 

increase in gestational weight, 21% are 

inadequate, and 48% exceed recommenda-

tions.  

Gestational weight gain is related to 

tissue growth as a natural process of preg-

nancy (Hector and Hebden, 2013). In 

addition, it is caused by the expanding ute-

rus and uterine volume, breast enlargement 

and fat accumulation and new protein 

reserves in preparation for breastfeeding 

(Cunningham, 2015). Gestational weight 

gain is not only a nutritional indicator of 

pregnancy but also to monitor fetal growth 

and development in the womb. 

Gestational weight gain that is not as 

recommended can result in adverse health 

outcomes for both the mother and fetus.  

The results of a study by Johnson et al. 

(2013) shows that excessive pregnancy 

weight gain increases the risk of gestational 

hypertension, preeclampsia, and cesarean 

delivery. Another study also says women 

with inadequate gestational weight gain can 

lead to babies born weighing less than 

normal (Goldstein et al., 2017). 

Low birth weight is the newborn’s 

birth weight of <2,500 g. An estimated 6% of 

babies were born with the condition in East 

Asia and the Pacific, 13% in Sub-Saharan 

Africa, and up to 28% in South Asia (WHO, 

2014).  Babies with low birth weight are >20 

times more likely to die than neonates with 

a birth weight of >2,500 g (Badshah et al., 

2018).  

Small for gestational age are defined as 

weight of less than 10th percentile for gesta-

tional age and sex (WHO, 2014). Infants of 

this condition have high mortality compared 

to babies with normal birth weight and may 

cause perinatal death (Ota et al., 2014). In 

addition, babies with this condition also 

tend to have learning difficulties, speech im-

pediments as well as cognitive and beha-

vioral disorders (Christian et al., 2014). 

Newborns with these conditions will 

grow into unhealthy children with various 

growth disorders. This will have an impact 

on the quality of Human Resources (HR) 

and the burden of health costs in the future. 

Therefore, it is important to establish a com-

prehensive care strategy to reduce the risk of 

perinatal outcomes. 

Based on the existing literature, it 

requires statistical summaries to calculate 

the estimated effect of inadequate gesta-

tional weight gain on low birth weight and 

small for gestational age. Meta-analyses are 

a statistical combination of results of two or 

more separate studies, with the objectives 

of: (1) Improving precision; (2) Answering 

questions not addressed by previous pri-

mary studies; and (3) Overcoming contro-

versies arising from primary studies or 

generating new hypotheses (Deeks et al., 

2021). This study aims to analyze previous 

primary studies in assessing the effect of less 

gestational weight gain on low birth weight 

and small for gestational age. 

 

SUBJECTS AND METHOD 

1. Design Study 

This study used systematic review method 

and meta-analysis using primary data from 

previous studies results.  Articles search was 

conducted by using 4 databases, namely: 

PubMed, SpringerLink, Scopus and Pro-

Quest. The keywords used were “Gestational 

Weight Gain" OR "Inadequate Weight Gain" 

AND "Low Birth Weight" OR “Birth Weight 

Infant" OR "Pregnancy Outcomes" AND 

"Small Gestational Age" AND "Multivariate” 

AND “Cohort". There were 19 primary stu-

dies of this study.  
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2. Step of Meta-analysis 

1) Formulating research questions in PICO. 

The Population was healthy pregnant 

women.  The Intervention was inadequa-

te gestational weight gain.  The Compa-

rison was a normal gestational weight 

gain.  The outcome was low birth weight 

and small for gestational age. 

2) Searching for primary study articles from 

4 online databases namely PubMed, Spri-

ngerLink, Scopus and ProQuest. 

3) Screening and assessing the quality of 

primary study articles using the Critical 

Appraisal Skills Program for Cohort 

Study. 

4) Extracting and analyzing data using 

RevMan 5.3 application. 

5) Interpreting results and drawing 

conclusions. 

3. Inclusion Criteria 

Full paper article that used cohort design. 

The analysis used was multivariate with 

adjusted Odds Ratio (aOR). The article was 

published in English. 

4. Exclusion Criteria 

Non-cohort study and non-English article 

and the result of the analysis was in bivariate 

form. 

5. Operational Definition of Variables 

Gestational weight gain, maternal weig-

ht gain during pregnancy. It is recommend-

ed between 11.5-16 kg (IOM, 2009). Less 

than the recommendation (Inadequate), as 

recommended (Adequate), exceeding the 

recommendation (Excessive). Categorical 

scale. 

Low birth weight, babies born weighing 

<2,500g. The measuring instrument was 

with body scales. Categorical scale. 

Small for gestational age, babies born 

with a weight of <10 percentiles for gesta-

tional age and sex. Categorical scale. 

6. Study Instruments 

The assessment of the quality of the main ar-

ticles in this study uses the Critical Appraisal 

Checklist for Cohort Study (CASP, 2018). 

7.  Data Analysis 

Articles in this study were collected using 

PRISMA diagrams. Analyzed using Review 

Manager 5.3 application by calculating the 

effect size and heterogeneity (I2) to form the 

final result of the meta-analysis. The results 

of the data analysis were presented in the 

form of forest plots and funnel plots. 

 

RESULTS 

The process of searching for primary articles 

related to the effect of inadequate gestation-

al weight gain on low birth weight and small 

for gestational age in this meta-analysis 

study was carried out on 4 online databases 

and obtained the results of 19 articles which 

can be seen in Figure 1 of the PRISMA Flow 

Diagram. The search for primary studies in 

various databases obtained 8,249 articles, 

after a selection process 274 articles were 

considered eligible for full text review, 19 

articles were included in the meta-analysis 

synthesis. 

Figure 2 shows the distribution area of 

the 19 primary articles used in this study, 

from Asia (Indonesia, Singapore, Japan, 

South Korea, China, Taiwan, Lebanon, and 

Saudi Arabia), America (United States), and 

Australia (New Zealand). 

Table 1 shows the results of the quality 

assessment of the primary studies used in 

this study. Primary study quality assessment 

was conducted with the Critical Appraisal 

Checklist for Cohort Study (CASP, 2018). 
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Figure 1. PRISMA 2020 flow diagram of the effect of inadequate gestational 
weight gain towards low birth weight and small for gestational age 

 

Figure 2. Map of research areas of the effect of inadequate gestational 

weight gain towards low birth weight and small for gestational age 
 

Based on the results obtained from the assessment of study quality, the total score 

2 studies in 
America 16 studies in 

Asia 

1 study in 
Australia 

Identified articles: 
PubMed = 473 

SpringerLink = 3,207 
Scopus = 924 

Proquest = 3.645 
(n= 8.249) 

Screened articles (n= 699) 

Included articles(n=486) 

Articles considered eligible 
(n=274) 

Articles excluded before screening: 
Articles duplication (n= 3,924) 
Articles stated to be ineligible by automation 
tools (n=1,489) 
Articles excluded because they were not full 
text (n=2,617)  
 

Articles excluded because they were not a 
primary study (n=213) 
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Full text articles excluded: 
Non-multivariate analysis (n= 44) 
Did not include the value of aOR (n=86) 
The intervention was not inadequate 
gestational weight gain (n = 61) 
The outcomes were not low birth weight and 
small for gestational age (n = 38) 
Study population was non-single healthy 
pregnant women (n=26) 
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of the 19 selected primary studies was 

around 24. This shows the quality of the 

primary articles used is feasible for the 

meta-analysis. 

Effects of Inadequate Gestational 

Weight Gain on Low Birth Weight 

Table 2 presents descriptions of 11 

primary articles with cohort studies 

included in the meta-analysis. The studies 

on the effect of inadequate gestational 

weight gain on low birth weight was 

conducted on 11,602 samples. 

Table 3 presents the data of adjusted 

Odds Ratio (aOR) and 95% confidence 

interval (95% CI) of the effect of inadequate 

gestational weight gain on low birth weight 

in each primary study. 

Table 1. Quality assessment of cohort studies in meta-analyses 

Primary Studies 
Question Criteria Total 

1 2 3 4 5 6 7 8 9 10 11 12  
Aji et al. (2022) 2 2 2 2 2 2 2 2 2 2 2 2 24 
Annie et al. (2019) 2 2 2 2 2 2 2 2 2 2 2 2 24 
Chen et al. (2020) 2 2 2 2 2 2 2 2 2 2 2 2 24 
Choi et al. (2022) 2 2 2 2 2 2 2 2 2 2 2 2 24 
Chung et al. (2013) 2 2 2 2 2 2 2 2 2 2 2 2 24 
Enomoto et al. (2016) 2 2 2 2 2 2 2 2 2 2 2 2 24 
Fayed et al. (2022) 2 2 2 2 2 2 2 2 2 2 2 2 24 
He et al. (2022) 2 2 2 2 2 2 2 2 2 2 2 2 24 
Hung et al. (2015) 2 2 2 2 2 2 2 2 2 2 2 2 24 
Hung et al. (2016) 2 2 2 2 2 2 2 2 2 2 2 2 24 
Li et al. (2015) 2 2 2 2 2 2 2 2 2 2 2 2 24 
Maisa et al. (2019) 2 2 2 2 2 2 2 2 2 2 2 2 24 
Rafei et al. (2015) 2 2 2 2 2 2 2 2 2 2 2 2 24 
Soltani et al. (2017) 2 2 2 2 2 2 2 2 2 2 2 2 24 
Sun et al. (2020) 2 2 2 2 2 2 2 2 2 2 2 2 24 
Wang et al. (2020) 2 2 2 2 2 2 2 2 2 2 2 2 24 
Wu et al.(2022) 2 2 2 2 2 2 2 2 2 2 2 2 24 
Zhang et al. (2021) 2 2 2 2 2 2 2 2 2 2 2 2 24 
Zhao et al. (2018) 2 2 2 2 2 2 2 2 2 2 2 2 24 

Description of Question Criteria: 
1=    Does the cohort study answer clinical problems clearly? 
2=   Was the subject of the study properly chosen? 
3=   Was exposure measured accurately to prevent bias? 
4=   Were outcomes measured accurately to minimize bias? 
5=   Did the researcher identify the important confounding factors?  

Did the researcher control confounding factors in either the design and/or data analysis 
phase? 

6=   Did the research subject complete the whole study time?  
Were the subjects of the study followed for a long time? 

7=   Were the results of this study reported in aOR? 
8=   How precise are the results? 
9=   Are the results reliable? 
10= Can the results be applied to the local population? 
11= Do the results of this study match other available evidence? 
12= What are the implications of this study for practice? 
Descriptions of the Answer Criteria: 
0= No 
1= Uncertain 
2= Yes 
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Table 2. PICO table summary of cohort articles of primary study sources with 
sample size (n=11,602) 
Author 
(Year) 

Coun-
try 

Sample P I C O 

Aji et al. 
(2022) 

Indo-
nesia 

104 
Pregnant women 
of <12 weeks 

Inadequate gesta-
tional weight gain 

Normal gestational 
weight gain 

LBW 

Chen et al. 
(2020) 

Taiwan 1,524 
Pregnant women 
during the first 
ANC 

Gestational weight 
gain was less than 
recommended 

Gestational weight 
gain as 
recommended 

LBW 

Choi et al. 
(2022) 

South 
Korea 

1,242 
Gestational age 
of <8 weeks 

Less standard 
gestational weight 

Standard 
gestational weight 

LBW 

Fayed et 
al. (2022) 

Saudi 
Arabia 

2,972 
Pregnancy <10 
weeks 

Inappropriate 
gestational weight 
gain 

Proper gestational 
weight gain  

LBW 

Hung et al. 
(2015) 

Taiwan 2,574 
Mothers with 
fetal age of 10 
weeks 

Inadequate 
pregnancy weight  

Adequate 
gestational weight 

LBW 

Hung et al. 
(2016) 

Taiwan 3,146 
Pregnancy <12 
weeks 

Inadequate 
gestational weight 
gain  

Adequate weight 
gain during 
pregnancy  

LBW 

Soltani et 
al. (2017) 

Indo-
nesia 

268 
Pregnant 
mothers on the 
first ANC visit 

Inadequate gesta-
tional weight gain 

Normal gestational 
weight gain 

LBW 

Sun et al. 
(2020) 

China 787 
Gestational age 
of 8 weeks 

Pregnancy weight 
gain was not 
achieved 

Gestational weight 
gain achieved 

LBW 

Wu et al. 
(2022) 

China 750 
Mothers with 
Gestational age 
of <8 weeks 

Inadequate 
gestational weight 

Adequate 
gestational weight 

LBW 

Zhang et 
al. (2021) 

China 821 
Women with 
single pregnancy 
and healthy  

Gestational weight 
was less than 
standard 

Standard 
gestational weight 

LBW 

Zhao et al. 
(2018) 

China 246 
Healthy 
Pregnant 
Women 

The weight of 
pregnant woman was 
less than the recom-
mendation 

Weight of pregnant 
women according 
to 
recommendations 

LBW 

 

Table 3. Data of adjusted Odds Ratio (aOR) and CI 95% of the effect of inadequate 

gestational weight gain on low birth weight  

Author (Year) aOR 
CI 95% 

Upper Limit Lower Limit 

Aji et al. (2022) 9.6 0.88 105.2 
Chen et al. (2020) 2.26 1.95 2.62 
Choi et al. (2021) 1.257 0.789 2.003 
Fayed et al. (2022) 1.31 0.95 1.81 
Hung et al. (2015) 1.9 1.4 2.4 
Hung et al. (2016) 2.25 0.78 6.44 
Soltani et al. (2017) 1.25 0.41 3.86 
Sun et al. (2020) 1.66 1.08 2.56 
Wu et al. (2022) 1.44 0.87 2.39 
Zhang et al. (2021) 2.64 1.31 5.33 
Zhao et al. (2018) 2.2 1.1 4.4 
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Forest plots in Figure 3 show that an inade-

quate gestational weight gain increased the 

risk of low birth weight by 1.94 times 

compared to a normal gestational weight 

gain. The results were statistically signifi-

cant (aOR= 1.94; CI 95%= 1.74 to 2.16; 

p<0.001). Forest plots also show heteroge-

neity of low effect estimates across primary 

studies (I2= 45%; p=0.050). So that the cal-

culation of the effect estimates was carried 

out with a fixed effect model approach. 

The funnel plots in Figure 4 shows the 

asymmetric distribution of effect estimates 

across studies, i.e. the distribution of effects 

to the right of the vertical line of the average 

effect estimate is relatively greater than that 

of the left (overestimate). Thus, the funnel 

plot indicates that there was a publication 

bias. 

 

 
Figure 3. Forest plots of the effect of inadequate 

gestational weight gain on low birth weight 

 

 
Figure 4. Funnel plot of the effect of inadequate 

gestational weight gain on low birth weight 
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The Effect of Inadequate Gestational 

Weight Gain on Small for Gestational 

Age 

Table 4 presents descriptions of 15 primary 

articles with cohort studies included in the 

meta-analysis. Studies on the effect of inade-

quate gestational weight gain on small for 

gestational age was conducted on 53,752 

samples. 

Table 5 presents the data of adjusted 

odds ratio (aOR) and 95% confidence inter-

val (95%) data of the effect of inadequate 

gestational weight gain on small for gesta-

tional age in each primary study. 

The forest plots in Figure 5 show 

inadequate gestational weight gain 

increased the risk of small for gestational 

age by 1.69 times compared to normal gesta-

tional weight gain and the results were 

statistically significant (aOR= 1.69; CI 95%= 

1.55 to 1.85; p<0.001). Forest plots show 

high heterogeneity across primary studies 

(I2= 54%; p = 0.007). The calculation of 

effect estimates was conducted using a 

random effect model. 

Table 4. PICO table summary of cohort articles of primary study sources with 

sample size (n=53,752) 

Author 
(Year) 

Country Sample P I C O 

Annie et 
al. (2019) 

United 
States 

1,666 
Pregnant 
women of 
<12 weeks 

Inadequate 
gestational 
weight gain 

Normal 
gestational 
weight gain 

Small for 
gestational 
age 

Chung et 
al. (2013) 

New  
Zealand 

167 
Gestational 
age <8 weeks 

Gestational 
weight less than 
standard 

Standard preg-
nancy weight 

Small for 
gestational 
age 

Enomoto 
et al. 
(2016) 

Japan 2,032 
Pregnancy of 
<10 weeks 

Inappropriate 
Gestational 
weight gain  

Proper 
gestational 
weight gain  

Small for 
gestational 
age 

He et al. 
(2022) 

Singapore 240 

Pregnant 
women 
during 1st 
ANC 

Gestational 
weight gain less 
than 
recommended 

Gestational 
weight gain as 
recommended 

Small for 
gestational 
age 

Hung et 
al. (2015) 

Taiwan 
 

2,574 
 

Mothers with 
fetal age of 
10 weeks 

Inadequate 
gestational 
weight  

Adequate 
gestational 
weight 

Small for 
gestational 
age 

Hung et 
al. (2016) 

Taiwan 3,146 
Gestational 
age 12 weeks 

Weight gain 
during preg-
nancy was 
failing to 
achieve 

Weight gain 
during pregnancy 
was achieved 

Small for 
gestational 
age 

Li et al. 
(2013) 

United 
States 

3,340 
Mother with 
gestational 
age <8 weeks 

Inadequate 
gestational 
weight 

Adequate 
gestational 
weight 

Small for 
gestational 
age 

Maisa et 
al. (2019) 

United 
States 

1,428 
Pregnant 
Women 

Gestational 
weight was less 
than the recom-
mendation  

Gestational 
weight was in 
accordance with 
the recommenda-
tions 

Small for 
gestational 
age 

Rafei et 
al. (2015) 

Lebanon 35, 902 

Women with 
healthy 
single 
pregnancy 

Gestational 
weight was less 
than standard 

Gestational 
weight was in 
accordance with 
the 
standard 

Small for 
gestational 
age 
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Author 
(Year) 

Country Sample P I C O 

Soltani et 
al. (2017) 

Indonesi
a 

   268 

Pregnant 
women in 
the first ANC 
visit 

Inadequate 
gestational 
weight gain 

Normal 
gestational 
weight gain 

Small for 
gestational 
age 

Sun et al. 
(2020) 

China 787 
Gestational 
age of 8 
weeks 

Gestational 
weight gain was 
not achieved 

Gestational 
weight gain was 
achieved 

Small for 
gestational 
age 

Wang et 
al. (2020) 

China 885 
Pregnancy 
age of <10 
weeks 

Inappropriate 
gestational 
weight gain 

Appropriate 
gestational 
weight gain  

Small for 
gestational 
age 

Wu et al. 
(2022) 

China 750  
Pregnant age 
of <8 weeks 

Inadequate 
gestational 
weight 

Adequate 
gestational 
weight 

Small for 
gestational 
age 

Zhang et 
al. (2021) 

China 821 

Women with 
healthy 
single preg-
nancy 

Gestational 
weight was less 
than standard 

Gestational 
weight was in 
accordance with 
the 
standard 

Small for 
gestational 
age 

Zhao et al. 
(2018) 

China 246 

Pregnant 
women with 
gestational 
age of <10 
weeks  

Inadequate 
gestational 
weight gain  

Normal 
gestational 
weight gain  

Small for 
gestational 
age 

 
The funnels in Figure 6 show the 

asymmetric distribution of effect estimates 

across studies, i.e. the distribution of effects 

on the right of the vertical line of the average 

effect estimates are greater than on the left 

(overestimate).  Thus, the funnel plots indi-

cate that there was a publication bias.

 

Table 5. Data of adjusted odds ratio (aOR) and 95% CI of the effect of inadequate 

gestational weight gain on small for gestational age 

 

Author (Year) aOR 
95% CI 

Upper Limit Lower Limit 
Annie et al. (2019) 1.64 1.37 1.96 
Chung et al. (2013) 1.79 1.06 3.00 
Enomoto et al. (2016) 2.142 1.849 2482 
He et al. (2022) 2.97 1.71 5.15 
Hung et al. (2015) 1.6 1.4 1.9 
Hung et al. (2016) 1.30 0.62 2.72 
Li et al. (2013) 1.51 1.32 1.72 
Maisa et al. (2019) 1.59 1.23 2.06 
Rafei et al. (2015) 1.54 1.44 1.64 
Soltani et al. (2017) 5.44 1.36 21.77 
Sun et al. (2020) 1.22 0.86 1.75 
Wang et al. (2020) 1.850 1.309 2.616 
Wu et al. (2022) 1.68 1.32 2.13 
Zhang et al. (2021) 2.0 1.38 2.96 
Zhao et al. (2018) 2.0 1.2 3.4 
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Figure 5. Forest plots of the effect of inadequate gestational 

weight gain on small for gestational age 

 

 
Figure 6. Funnel plots of the effect of inadequate gestational 

weight gain on small for gestational age 

 

DISCUSSION 

1. The Effects of Inadequate Gesta-

tional Weight Gain on Low Birth 

Weight  

This meta-analysis study provided evidence 

that inadequate gestational weight gain 

increases the risk of low birth weight. 

These results are in line with a study by 

Sun et al. (2020) which shows that inadequ-

ate gestational weight gain increases the risk 

of low birth weight (aOR= 1.66; CI 95%= 

1.08 to 2.26; p=0.002). Another study by 

Fayed et al., (2022) also shows similar 

results that inadequate gestational weight 

gain is associated with the incidence of low 

birth weight by 1.31 times compared to 

adequate weight gain (aOR= 1.31; CI 95%= 

0.95 to 1.81; p<0.001).  

Based on the above studies, it is ack-

nowledged that gestational weight gain that 
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is less than the recommendation can in-

crease the risk of giving birth to babies with 

low birth weight. It is explained by Tela et al. 

(2019) which states that gestational weight 

gain has a significant effect on birth weight. 

An increase in gestational weight of 1 kg is 

associated with a baby weight gain of 97 g. 

According to Muthayya et al. (2019) it is 

because weight gain during pregnancy is an 

important indicator of nutrition in preg-

nancy and contributes significantly to fetal 

growth in the womb. Therefore, it is import-

ant for women to achieve gestational weight 

gain. It is due to adequate gestational weight 

gain as an effort to prevent the incidence of 

babies born with low-birth-weight. 

2. The Effect of Inadequate Gestatio-

nal Weight Gain on Small for Gesta-

tional Age 

Meta-analysis study discovered the effect of 

inadequate gestational weight gain on small 

gestational infants was 1.62 times compared 

to normal gestational weight gain, and the 

results were statistically significant. 

The results of this study are in line with 

a study by He et al. (2022) which showed 

that the gestational weight gain that is less 

than the recommendation can increase the 

risk of small for gestational age babies by 

2.97 times compared to an adequate weight 

gain (aOR= 2.97; CI 95%= 1.71 to 5.15; 

p<0.001). Another study by Wang et al., 

(2020) also states that inadequate gestation-

al weight gain increases the risk of a small 

for gestational age by 1,850 times compared 

to normal gestational weight gain (aOR= 

1,850; CI 95%= 1.309 to 2.616; p<0.001). 

Based on some of these studies, it is 

acknowledged that inadequate gestational 

weight gain can increase the risk of giving 

birth to small for gestational age babies. This 

condition is related to the fetus that res-

ponds to a reduction in nutrient supply by 

reducing its overall size but maintaining 

certain functions such as brain growth, lung 

maturation, and increased red blood cell 

production. This is an effort to optimize 

survival chances (Tudehope et al., 2013). 

According to a study by Landau et al., (2019) 

the fetus prioritizes blood supply to more 

vital organs such as the brain, heart, and 

placenta. Therefore, fetus can experience a 

decrease in total body fat which results in 

the baby looking thinner compared to other 

babies of the same gestational age. There-

fore, weight gain during pregnancy is very 

important for mothers to achieve because 

adequate gestational weight gain is an effort 

to prevent the incidence of small for gesta-

tional age babies. 

 

AUTHOR CONTRIBUTION 

Maurizka Pitria Amrika Putranti as the main 

researcher is in charge of selecting research 

topics, searching and evaluating articles, as 

well as data analysis. Bhisma Murti and Rita 

Benya Adriani acted as supervisors. 

 

FUNDING AND SPONSORSHIP 

The study was self-funded. 

 

CONFLICT OF INTERESTS 

There is no conflict of interest. 

 

ACKNOWLEDGMENT 

The researcher would like to send the gra-

titude to all parties that contributed in the 

formulation of the article and the database 

providers such as PubMed, SpringerLink, 

Scopus, and ProQuest. 

 

REFERENCES 

Aji AS, Lipoteo NI, Yusrawati Y, Malik SG, 

Kusmayanti NA, Susanto I, Majidah 

NM, et al. (2022). Association between 

prepregnancy body mass index and 

gestational weight gain on pregnancy 

outcomes: a cohort study in Indone-

sian pregnant women. BMC Pregnancy 



Putranti et al./ Effect of Inadequate Gestational Weight Gain on Low Birth Weight  

www.thejmch.com 418 

and Childbirth. 22(492):1-12. https://-

doi.org/10.1186/s12884-022-04815-

8. 

Annie M, Dude MD, Grobman W, Haas D, 

Brian M, Mercer MD, Wapner R, et al. 

(2019). Gestational weight gain and 

pregnancy outcomes among nulli-

parous women. Am J Perinatol. 9(3): 

1-9. https://doi.org/10.1055/s-0039-

1696640. 

Badshah S, Mason L, McKelvie K, Payne R, 

Lisboa PJG (2018). Risk factors for low 

birthweight in the public-hospitals at 

Peshawar, NWFP-Pakistan. BMC 

Public Health. 197(08): 11-21. https:-

//doi.org/10.1186/1471-2458-8-197. 

CDC (2022) How much weight should you 

gain during pregnancy?. https://www-

.cdcgov/reproductive-health/mater-

nal-infant-health/pregnancy-weight-

gain. 

Chen CN, Chen HS, Hsu HC (2020). Mater-

nal prepregnancy body mass index, 

gestational weight gain, and risk of 

adverse perinatal outcomes in Taiwan: 

a population-based birth cohort study. 

Int J Environ Res Public Health. 

17(12):1-11. https://doi.org/:10.3390-

/ijerph17041221 

Choi H, Lim JH, Lim NK, Ryu HM, Kwak 

DW, Chung JH, Park HJ, Park HY 

(2020). Impact of pre-pregnancy body 

mass index and gestational weight 

gain on the risk of maternal and infant 

pregnancy complications in Korean 

women. IJO. 46:59–67; https://doi.-

org/10.1038/s41366-021-009468. 

Chung CGY, Rennae S, Taylor A, John MD, 

Thompson BI, Ngaire H, Anderson AI 

(2013). Gestational weight gain and 

adverse pregnancy outcomes in a nulli-

parous cohort. Eur J Obstet Gynecol. 

167(13):149–153. http://dx.doi-org/-

10.1016/j.ejogrb.2012.11.020 

Critical Appraisal Skills Programme (2018). 

CASP (Cohort Study) Checklist. Ret-

rieved from: https://casp-uk.net/ima-

ges/checklist/documents/CASP-Co-

hort-Study-Checklist/CASP-Cohort-

Study- Checklist_2018.pdf.  

Deeks JJ, Higgins JPT, Altman DG (2021). 

Chapter 10: Analysing data and under-

taking meta-analyses. In cochrane 

handbook for systematic reviews of 

interventions version 6.2. 1(9): 231-

245. 

Enomoto K, Aoki S, Toma R, Fujiwara K, 

Sakamaki K, Hirahara F (2016). Preg-

nancy outcomes based on pre-preg-

nancy body mass index in Japanese 

women. Plos One. 11(6): 1-12. https://-

doi.org/10.1371/journal.pone.0157081 

Fayed A, Hayfaa A, Wahabi, Esmaeil S, 

Elkouny R, Elmorshedy H, Bakhsh H 

(2022). Independent effect of gestatio-

nal weight gain and prepregnancy 

obesity on pregnancy outcomes among 

Saudi women: a sub-cohort analysis 

from Riyadh mother and baby cohort 

study (RAHMA). Plos One. 17(1):1-14. 

doi: https://doi.org/10.1371/journal.-

pone.0262437. 

Goldstein RF, Abell SK, Ranasinha S, Misso 

M, Boyle JA, Black MH, Rode EL, et al. 

(2017). Association of gestational 

weight gain with maternal and infant 

outcomes: a systematic review and me-

ta-analysis. JAMA. 317(21):2207–

2225. doi: https://doi.org/10.1055/s-

00391696640. 

He S, Allen JC, Razali NS, Chern BS, Tan KH 

(2022). Association between gestatio-

nal weight gain and pregnancy outco-

mes in Singaporean population: a 

prospective cohort study. Eur J Obstet 

Gynecol Reprod Biol. 272(1): 160–165. 

doi: https://doi.org/10.1016/j.ejogrb.-

2022.03.031. 

Hector D, Hebden L (2013). Prevention of 

excessive gestational weight gain: An e 

https://doi.org/10.1055/s-0039-1696640
https://doi.org/10.1055/s-0039-1696640
https://doi.org/10.1186/1471-2458-8-197
https://doi.org/10.1186/1471-2458-8-197
https://www.cdcgov/reproductive-health/maternal-infant-health/pregnancy-weight-gain
https://www.cdcgov/reproductive-health/maternal-infant-health/pregnancy-weight-gain
https://www.cdcgov/reproductive-health/maternal-infant-health/pregnancy-weight-gain
https://www.cdcgov/reproductive-health/maternal-infant-health/pregnancy-weight-gain
https://doi.org/10.1038/s41366-021-009468
https://doi.org/10.1038/s41366-021-009468
https://casp-uk.net/images/checklist/documents/CASP-Cohort-Study-Checklist/CASP-Cohort-Study-%20Checklist_2018.pdf
https://casp-uk.net/images/checklist/documents/CASP-Cohort-Study-Checklist/CASP-Cohort-Study-%20Checklist_2018.pdf
https://casp-uk.net/images/checklist/documents/CASP-Cohort-Study-Checklist/CASP-Cohort-Study-%20Checklist_2018.pdf
https://casp-uk.net/images/checklist/documents/CASP-Cohort-Study-Checklist/CASP-Cohort-Study-%20Checklist_2018.pdf
https://doi.org/10.1055/s-00391696640
https://doi.org/10.1055/s-00391696640


Putranti et al./ Effect of Inadequate Gestational Weight Gain on Low Birth Weight  

www.thejmch.com 419 

vidence review to inform policy and 

practice. Sydney by Scholarship. 

Retrieved from: https://core.ac.uk/-

download/pdf/41237141.pdf. Diakses 

Januari 2023. 

Hung TH, Chen SF, Hsu JJ, Hsieh TT 

(2015). Gestational weight gain and 

risks for adverse perinatal outcomes: a 

retrospective cohort study based on 

the 2009 Institute of Medicine gui-

delines. The TJOG. 54(2015). 421-425. 

doi: http://doi.org/10.1016/j.tjog.20-

15.06.010.  

Hung TH, Hsieh TT (2016). Pre-gestational 

body mass index, gestational weight 

gain, and risks for adverse pregnancy 

outcomes among Taiwanese women: A 

retrospective cohort study. The TJOG. 

55(2016)575-581. doi: http://dx.doi.-

org/10.1016/j.tjog.2016.06.016. 

Johnson CD, Jones S, Paranjothy S (2017). 

Reducing low birth weight: prioritizing 

action to address modifiable risk fac-

tors. J Public Health. 39(1). doi: https:-

//doi.org/10.1093/pubmed/fdv212. 

Li N, Liu E, Guo J, Pan L, Li B, Wang P, Liu 

J, et al. (2013). Maternal prepregnancy 

body mass index and gestational weig-

ht gain on pregnancy outcomes. PLoS 

One. 8(12):1-7. doi: https://doi.org/-

10.1371/journal.pone.0082310. 

Li C, Liu Y, Zhang W (2015). Joint and 

independent associations of gestation-

al weight gain and pre-pregnancy body 

mass index with outcomes of pregnan-

cy in Chinese women: a retrospective 

cohort study. Plos One. 10(8): 1-15. 

doi: https://doi.org/10.1371/journal.-

pone.0136850. 

Maisa N, Feghali MD, Janet M, Zantow E, 

Mission J, Steve N, Caritis MD, et al. 

(2019). Timing of gestational weight 

gain and adverse perinatal outcomes 

in overweight and obese women. 5(11): 

1-9. doi: https://doi.org/961-970.10.-

1097-/AOG.0000000000003234. 

Murti B (2018). Prinsip dan metode riset 

epidemiologi (Epidemiological resear-

ch principles and methods). Surakar-

ta: UNS Press. 

Ota E, Togoobaatar G, Morisaki N, Vogel J, 

Pileggi C (2014). Risk factors and 

adverse perinatal outcomes among-

term and preterm infants born small-

for- gestational-age: secondary analy-

ses of the WHO multi-country survey 

on maternal and newborn health. PLos 

ONE. 9(8):1–10. doi: https://doi.org/-

10.1371/journal. 

Rafei RE, Hussein AA, Charafeddine L, 

Nakad P, Bizri AA, Hamod D, Khalid 

AY (2016). Association of pre-preg-

nancy body mass index and gestational 

weight gain with preterm births and 

fetal size: an observational study from 

Lebanon. Paediatr Perinat Epidemiol. 

30(3):38–45.doi: https://doi.org/ 0.1-

111/ppe.12249. 

Siega-Riz, AM, Viswanathan M, Moos MK, 

Deierlein A, Mumford, S, Knaack J, 

Thieda P, et al. (2019). a systematic 

review of outcomes of maternal weight 

gain according to the Institute of Medi-

cine recommendations: birthweight, 

fetal growth, and postpartum weight 

retention. Am J Obstet Gynecol. 

201(4). doi: https://doi.org/10.1016/-

j.ajog.2009.07.002. 

Soltani H, Lipoteo NI, Fair FJ, Yusrawati Y 

(2017). Pre-pregnancy body mass 

index and gestational weight gain and 

their effects on pregnancy and birth 

outcomes: a cohort study in West Su-

matra, Indonesia. BMC Women's Hea-

lth. 17(102). 1-12. doi: https://doi.org-

/10.1186/s12905-017-0455-2. 

Su WJ, Chen YL, Huang PY, Shi XL, Yan FF, 

Chen Z, Yan B, et al. (2019). Effects of 

prepregnancy body mass index, weight 

https://doi.org/10.1093/pubmed/fdv212
https://doi.org/10.1093/pubmed/fdv212
https://doi.org/10.1371/journal.pone.0136850
https://doi.org/10.1371/journal.pone.0136850
https://doi.org/-10.1371/journal
https://doi.org/-10.1371/journal
https://doi.org/10.1016/j.ajog.2009.07.002
https://doi.org/10.1016/j.ajog.2009.07.002
https://doi.org/10.1186/s12905-017-0455-2
https://doi.org/10.1186/s12905-017-0455-2


Putranti et al./ Effect of Inadequate Gestational Weight Gain on Low Birth Weight  

www.thejmch.com 420 

gain, and gestational diabetes mellitus 

on pregnancy outcomes: a population-

based study in Xiamen, China: 2011-

2018. Ann Nutr Metab: 75(1): 31–38. 

doi: https://doi.org/10.1186/s12884-

022-04815-8. 

Sun Y, Shen Z, Zhan Y, Wang Y, Ma S, Zhang 

S, Liu J, et al. (2020). Effects of pre-

pregnancy body mass index and gesta-

tional weight gain on maternal and 

infant complications. BMC Pregnancy 

and Childbirth. 20(390);1-13. doi: 

https://doi.org/10.1186/s12884-020-

03071-y. 

Tela FG, Bezabih AM, Adhanu AK (2019). 

Effect of pregnancy weight gain on in-

fant birth weight among mothers 

attending antenatal care from private 

clinics in Mekelle City, Northern 

Ethiopia: a facility-based follow-up 

study. Plos One. 14(3):1-10. doi: 

https://doi.org/10.1371/journal.pone-

.0212424. 

Wang D, Wang M, Darling AM, Perumal N, 

Liu E, Danaei G, Fawzi WW (2020). 

Gestational weight gain in low-income 

and middle-income countries: a mode-

lling analysis using nationally repre-

sentative data. BMJ Glob Heal. 5-

(11):1–9. doi: https://doi.org/10.1136-

/bmjgh-2020-003423. 

Wu W, Luo D, Ruan X, Gu C, Lu W, Lian K, 

Mu X (2022). Polymorphisms in gene 

MTHFR modify the association bet-

ween gestational weight gain and ad-

verse birth outcomes. Front. Nutr. 

9(8):1-11. doi: https://doi.org/10.33-

89/-fnut.2022.919651. 

WHO (2014). Low birth weight policy brief. 

Department of nutrition for health and 

development. 1–8. Retrieved from: 

https://www.who.int/nutrition. 

Diakses Maret 2023. 

WHO (2016) Global nutrition targets 2025 

low birth weight policy brief. Retrieved 

from: https://apps.who.int/nutrition-

/publications/globaltargets2025_poli

cybrief_lbw/en/index.html.  

Yang J, Wang M, Deirdre K, Tobias, Janet 

W, Edwards R, Darling AM, et al. 

(2022) Gestational weight gain during 

the second and third trimesters and 

adverse pregnancy outcomes, results 

from a prospective pregnancy cohort 

in urban Tanzania. Reproductive 

Health. 9(140): 1-11. doi: https://doi.-

org/10.1186/s12978-022-01441-7. 

Zhang CX, Lai JQ, Liu KY, Yang NH, Zeng G, 

Mao LM, Li ZN, et al. (2021). Optimal 

gestational weight gain in Chinese 

pregnant women by Chinese-specific 

BMI categories: a multicentre prospec-

tive cohort study. Public Health Nutr. 

24(11): 3210–3220. doi: https://doi.-

org/10.1017/S136898002100-1622. 

Zhao R, Xu L, Wu ML, Huang SH, Cao XJ 

(2018). Maternal pre-pregnancy body 

mass index, gestational weight gain 

influence birth weight. Women and 

Birth. 31(8):20-25. doi: http://dx.doi.-

org/10.1016/j.wombi.2017.06.003.

 

https://doi.org/10.1186/s12884-022-04815-8
https://doi.org/10.1186/s12884-022-04815-8
https://doi.org/10.1186/s12884-020-03071-y
https://doi.org/10.1186/s12884-020-03071-y
https://doi.org/10.1371/journal.pone.0212424
https://doi.org/10.1371/journal.pone.0212424

