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INTRODUCTION 
Health status can be measured using some 

parameters, including the nutritional condition of the 
population. Efforts to improve and increase the quality of 
public nutrition in Indonesia are ongoing programs and 
have received attention from the government. The 2018 
Basic Health Research (Riskesdas) data indicate complex 
nutritional problems including stunting, wasting, and 
obesity, which are commonly referred to as the triple 
burden1. The Indonesian government aims to reduce the 
stunting rate from 24.4% in 2021 to 14% in 2024. Gerakan 
Ibu Hamil Sehat is a program that aims to break the chain 
of malnutrition in Indonesia2. Around 17.3% of pregnant 
women in this country suffer from Chronic Energy 

Deficiency (CED) as reported by the 2018 Riskesdas. In 
2020, the prevalence of pregnant women with CED 
reached 9.7%, exceeding the target set for that year, 
namely 16%3. West Sumatra Province is actively involved 
in health efforts to optimize the health conditions of its 
population. Based on the 2018 Riskesdas data, the 
prevalence of pregnant women with CED in West 
Sumatra was 16.7%, exceeding the government's target 
in 2018 namely, 19.7%. Although exceeding the 
government's target, this rate increased compared to 
2017, namely 14.5%4. Inadequate nutritional status in 
women during pregnancy has the potential to cause 
serious health consequences, including an increased 
likelihood of getting low birth weight (LBW) babies. This 
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ABSTRACT 
Background: Mother's nutritional status before and during pregnancy plays an 
important role in fetal growth and development. The prevalence of Low Birth Weight 
(LBW) incidence in West Sumatra has increased from 3.11% (2019) to 3.4% (2021). 
Objectives: To analyze the interaction between pre-pregnancy BMI status and 
gestational weight gain on newborn anthropometry in West Sumatra. 
Methods: This is a secondary data analysis study from the Vitamin D Pregnant Mother 
(VDPM) 2018 study with a prospective cohort design and the follow-up analysis was in 
February-April 2024. This study involved 175 pregnant women and newborns who met 
the predetermined criteria. Variables examined included pre-pregnancy BMI status, 
gestational weight gain, and newborn anthropometry. Data analysis used Kruskal Wallis, 
Spearman correlation test, and multivariate General Linear Model (GLM). 
Results: Research findings showed a correlation between pre-pregnancy BMI and 
gestational weight gain (p-value 0.049, r=-1.4). Pre-pregnancy BMI correlated with birth 
weight (p-value=0.003, r=0.2) and body length (p-value=0.045, r=0.1), but not with head 
circumference (p-value=0.054). Gestational weight gain had no significant relationship 
with newborn anthropometry (p-value 0.512 for birth weight, p-value 0.368 for body 
length, and 0.368 for head circumference). No interaction was found between pre-
pregnancy BMI and gestational weight gain status on newborn anthropometric 
measurements with a p-value of 0.739 for birth weight, 0.377 for body length, and 0.175 
for head circumference. 
Conclusions: The results show no interaction between pre-pregnancy BMI status and 
gestational weight gain on newborn anthropometry. Women are encouraged to pay 
attention to nutrition before and during pregnancy to optimize maternal and infant 
health. 
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condition not only increases the risk of death in infants 
but also results in growth disorders, which are 
characterized by height that is not in line with the baby's 
age, which is called stunting. The Statistics Indonesia 
(BPS) reported that the incidence of LBW in West Sumatra 
was 0.2%. The incidence of Low Birth Weight (LBW) in the 
West Sumatra region fluctuated in the last few years. 
After experiencing an increase in 2019 and 2020 at a 
percentage of 2% and 3% respectively, there was a 
significant decrease of 0.2% in 2021. However, in 2022, 
the percentage increased again to 3.4%5,6. Prevention can 
be carried out by monitoring the nutritional status of 
pregnant women with regular anthropometric 
measurements covering height, pre-pregnancy weight, 
and pre-pregnancy BMI status4. Irawati et al (2014) 
argued that if gestational weight gain does not reach 9.1 
kg, it can increase the possibility of giving birth to a baby 
weighing <3,000 g. LBW babies face a very high risk of 
mortality, namely 10-20 times greater than babies born 
with normal weight ranges7. 

Austrida Gondwel et al (2018) revealed that if 
pregnant women have poor nutritional status and 
gestational weight gain, they face a higher risk of having 
LBW babies. Low pre-pregnancy BMI contributes to a 60% 
increased risk of stunting in babies and gestational weight 
gain which is lower than the Institute of Medicine (IOM) 
recommendations poses a high risk of LBW and 
newborn’s small head circumference8. LBW can affect the 
length of the baby and growth which leads to stunting9. 
The Statistics of Indonesia reported that the incidence of 
LBW in West Sumatera reached 0.2% in 2018. The trend 
of LBW incidence in West Sumatera has increased by 
3.11% in 2019 and 3% in 2020. The incidence of LBW 
decreased 0.2% in 2021 and it increased again in 2022, 
namely 3.4%. Therefore, the incidence of LBW in West 
Sumatera is still fluctuating. Thus, more effective 
preventive efforts are needed to reduce the incidence of 
LBW and stop the increase in its prevalence. The 2018 
Riskesdas Data revealed that in Sumatera, babies with 
birth weight <2500 g (LBW) were 4.6%. In terms of birth 
length, babies with a birth length of <33 reached 40.6% 
in Indonesia, while in West Sumatra it was 32%1. Pre-
pregnancy BMI and gestational weight gain are key 
factors that influence maternal and fetal health 
conditions10. This study aims to identify the complex 
relationship between pre-pregnancy BMI status and 
gestational  weight gain on anthropometric outcomes of 
newborns, covering weight, length, and head 
circumference in the West Sumatra region. 
 
METHODS 

This study utilized data from the Vitamin D 
Pregnant Woman (VDPM) study. The data were analyzed 
using a prospective cohort approach without conducting 
new data collection11,12. The study was conducted for six 
months from September 2017 to March 2018. Secondary 
data analysis was conducted for three months from 
February to April 2024 resulting in a final sample of 175 
pairs of pregnant women and newborns who met the 
predetermined inclusion criteria. The sample was 
selected based on health checks at selected Puskesmas, 
with data collection in the first trimester (before 13 
weeks) and the third trimester (after 27 weeks) of 

pregnancy. Each subject had to obtain a health certificate 
from a doctor, sign an informed consent, and be willing 
to undergo all study procedures. Additional criteria were 
pregnancy at an ideal term age (between 37-40 weeks) 
and a complete dataset from the VDPM Study. This is to 
ensure the quality and validity of the data where each 
pair of mothers and infants included met the 
predetermined standards. The VDPM study used two 
data collection methods, namely interviews and 
anthropometric measurements. Interviews covered 
demographic information, health, lifestyle, and medical 
history of pregnant women. Anthropometric 
measurement covered a series of detailed physical 
measurements, both for pregnant women and newborns. 
In pregnant women, measurements included weight, 
height, BMI, and mid-upper arm circumference (MUAC) 
to evaluate the nutritional status and maternal health. 
The anthropometric measurements of newborns covered 
weight, body length, and head circumference to assess 
the quality of fetal growth and development during the 
gestation period until birth. The data collection method 
in the following observations refers to secondary data 
obtained from the VDPM study in 2018, with details of 
the procedures presented in Figure 1. The selection of 
this research location considered the coverage of 
representative subjects based on geographic and 
demographic characteristics in West Sumatra Province, 
which includes coastal and mountainous areas, as well as 
urban and rural areas. This selection aims to ensure that 
variations in the characteristics of the research subjects 
can be fully reflected so that the research results can 
represent broader conditions in the area. The VPDM 
study was conducted in health facilities spread across five 
cities and districts in West Sumatra, namely Padang City, 
Pariaman City, Lima Puluh Kota District, Padang Pariaman 
District, and Payakumbuh City. The location selection 
criteria were based on significant geographic diversity, 
such as coastal areas which generally have different 
socio-economic conditions and access to health services 
compared to mountainous areas, as well as differences 
between more developed urban areas with better access 
to health facilities compared to rural areas which tend to 
have more limited access13,14.  

This study analyzed pre-pregnancy BMI status 
and gestational weight gain as independent variables. 
The dependent variables were anthropometric 
measurements covering birth weight, body length, and 
head circumference of newborns. This comprehensive 
analysis was mainly to explore and measure the direct 
impact of maternal nutritional status and health on the 
growth of the infant from pregnancy to birth. Pre-
pregnancy BMI status is categorized into four groups, 
namely underweight, normal, overweight, and obese 
according to WHO guidelines in 201815. Meanwhile, 
gestational weight gain is classified into three categories, 
namely underweight, normal, and overweight by 
considering the pre-pregnancy BMI status according to 
IOM16. Grouping of birth weight status in infants is 
divided into two main categories, namely LBW (<2500 g) 
and normal (≥2500 g). The birth length status is classified 
into two categories, namely short (<48 cm) and normal 
(≥48 cm). Then, the baby's head circumference is also 
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grouped into two categories, namely small (<35 cm) and 
normal (≥35 cm). 

This study used secondary data from the VDPM 
Study in 2018 in West Sumatra with the instrument of a 
questionnaire on sociodemographic data characteristics 
covering maternal age, location of residence in 
district/city, location based on geographic location and 
urban status, education and employment status of the 
mother, and monthly household income. The 
anthropometric measurement for mothers and 
newborns covered maternal weight before and during 
pregnancy, pre-pregnancy BMI status, total gestational 
weight gain, birth weight, birth length, and head 
circumference of the newborn. This study used a 
documentation study that utilized a dataset generated 
from the previous VDPM Study. The dataset contained 
data that were collected systematically covering various 
variables relevant to this study. This documentation study 
allows researchers to access and analyze secondary data 
to answer research questions without having to collect 
primary data directly. The datasets from the VDPM Study 
provide the advantage of access to verified and validated 
data which support the accuracy of the research results. 
The data collection process was started by obtaining 
official permission from the previous researcher, 
followed by downloading the dataset in .xlsx format via 
Google Drive. Data cleaning was carried out to correct 
possible errors. The variable identification stage involved 
grouping into independent variables (pre-pregnancy BMI 
status and gestational weight gain) and dependent 
variables (anthropometric measurement covering birth 
weight, birth length, and head circumference). This 
process also covered recategorizing variables according 
to research needs without changing the original data. 

Data were analyzed univariately with the help of 
SPSS version 23 to describe the characteristics of each 
research variable. This method explains the data 
descriptively, including sociodemographic characteristics, 
pregnancy profiles, and maternal and infant 
anthropometry. The results of the univariate analysis 
were presented in various statistical formats including 
frequency distribution, proportion, median, interquartile 
range, and minimum and maximum values, which overall 

provide a detailed picture of the research subjects and 
the variables studied. The researcher carried out a 
bivariate analysis using the Kruskal-Wallis test and 
Spearman correlation to identify the relationship 
between variables. 

This study used three statistical methods to 
analyze the data. A non-parametric test namely the 
Kruskal Wallis was carried out to analyze non-normally 
distributed categorical-numerical data, focusing on the 
comparison of medians between groups of variables, 
especially the relationship between pre-pregnancy BMI 
status, gestational weight gain, and newborn 
anthropometry. The test was considered significant if the 
p-value <0.05. Then, the Spearman correlation test was 
carried out to measure the strength and direction of the 
relationship between variables, especially the correlation 
in the independent and dependent variables with the 
significance criteria of p-values <0.05. A multivariate 
analysis using the General Linear Model (GLM) was 
conducted to identify the interaction of the relationship 
between maternal nutritional status before and during 
pregnancy with newborn anthropometry. This method 
considers various confounding factors such as maternal 
age, frequency of Antenatal Care (ANC) visits, age of birth, 
and parity, with a significance level of p-value <0.05. 
Through this multivariate approach, researchers can 
explore the effect of independent variables on the 
dependent variable while controlling for other factors 
that could potentially affect the results of the study.  

This study has received ethical approval number 
KE/AA/V/10111637/EC/2024 from the Ethics Commission 
of Alma Ata University which was approved on 17 May 
2024. In its implementation, this study adheres to strict 
research ethics principles including data use permits, 
which ensure that all data used in the observations have 
been accessed legally with appropriate approval from the 
relevant parties. In terms of transparency, the research 
process, data analysis, and research results are conveyed 
openly and clearly. This study also prioritizes data security 
by maintaining the confidentiality and integrity of the 
information obtained, so that research subjects and data 
involved are protected in accordance with applicable 
research ethics standards.
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Figure 1. Procedures to Collect Research Subjects in the VDPM Cohort Study 
 
RESULTS AND DISCUSSIONS 
Sociodemographic Characteristics of Research Subjects 

The pregnancy period is a sensitive and complex 
stage, where a some socio-demographic and personal 
variables play an important role in determining the 
quality and success of the reproductive process. 
Sulistyawati (2011) argues that the optimal reproductive 
age range with minimal risk is 20 to 35 years17. Pregnant 
women aged 20 years are not yet ready for reproductive 
organs and psychology, but those aged over 35 years are 
at risk of congenital disorders and birth complications. In 
this study, 15.4% of subjects are > 35 years17. Older 
mothers (> 35 years) face various risks due to reduced 
elasticity of the pelvic muscles which can result in the 
need for cesarean section18. 

Maternal education and income play an 
important role in fetal health and growth where higher 
education level and income can support a healthier 
pregnancy. Yuliva et al (2019) found that employed 
pregnant women had babies born with a weight of 129.23 
g lower than unemployed pregnant women19. In this 
study, the majority of respondents had an income of IDR 
2,250,000, lower than the Provincial Minimum Wage 
(UMP) in West Sumatera in 2018. Handayani et al (2024) 
argue that low income causes the inability to buy food 
which can result in the adequacy of nutrition for pregnant 

women which leads to the risk of having LBW babies20. 
Therefore, education and income play an important role 
in influencing maternal health and fetal growth. Both 
government and society need to increase awareness and 
efforts to improve the education and income of pregnant 
women19,20. 

Pregnancy profile can also influence the 
anthropometric outcome of newborns. Pregnancy 
profiles include gestational age and parity. In the early 
gestational age (<37 weeks), the fetal growth is not yet 
perfect which can result in LBW babies. LBW is divided 
into two, namely LBW due to pure prematurity and LBW 
due to dysmaturity. Pure prematurity occurs when the 
gestational age is <37 weeks and the baby's weight is in 
line with the age of birth. Meanwhile, dysmaturity is 
when birth weight is less than the actual weight at the 
gestational age. The older the gestational age, the more 
the baby's weight will increase proportionally18. Parity 
also influences the incidence of LBW babies. Islami and 
Noor (2020) found that the incidence of LBW occurs more 
in primiparas compared to multiparas mothers21. The 
theory states that someone who experiences repeated 
pregnancies is at higher risk of experiencing LBW births 
because pregnancy can damage blood vessels in the 
uterine wall and affect the circulation of nutrients to the 
fetus. Therefore, gestational age and parity are important 
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factors in determining the anthropometry of the baby. 
Gestational age <37 weeks and high parity can lead to the 
incidence of LBW babies21,22. 
 
Anthropometric Characteristics of Mothers and 
Newborns 

Table 1 shows that the median value of maternal 
weight before pregnancy was 55 kg (IQR 47-63 kg) and 
pre-pregnancy BMI status was 23.1 kg/m2 (IQR 19.7-25.6 
kg/m2). Around 58.9% of subjects had normal nutritional 
status. Total gestational weight gain was 7.6 kg (IQR 5.4-
9.8 kg) with 74.3% of subjects experiencing weight gain 
less than the recommendation. Anthropometric 
measurement in newborns showed that the median value 
of birth weight was 3200 g (IQR: 3000-3500 g) with a 
normal birth weight category of 95.4%. The median value 
of birth length was 49 cm (IQR; 48-50 cm) with a normal 
birth length category of 95.4%. Meanwhile, the median 
value of the baby's head circumference is 34 cm (IQR; 33-

35 cm) and 74.3% had a normal head circumference 
category. For women with low BMI, weight gain tends to 
be more in the form of additional fat tissue, while for 
those with high BMI, weight gain is more related to fetal 
growth and fluid. Hormonal adaptation can be influenced 
by the production of hormone sensitivity related to 
metabolism and fat storage during pregnancy23. Mothers 
with normal pre-pregnancy BMI status (18.5-25 kg/m2) 
give birth to babies weighing <2500 g (LBW)24. 

Sandra et al (2015) argue that weight gain can 
result in high-risk pregnancy. Poor maternal nutritional 
status during pregnancy can result in fetal growth 
retardation25. Mothers with malnutrition will experience 
decreased heart function which can lead to weak blood 
flow to the placenta and a reduced supply of important 
nutrients to the fetus. This condition can cause 
suboptimal fetal growth so the anthropometry of the 
baby is abnormal26.

 
Table 1. Characteristics and Anthropometry of Mothers and Babies in West Sumatra, Indonesia in 2018 (N=175) 

Variables 
Percentage 

(%) 
Median 

(IQR) 
Min-Max 

Maternal Age (year)  30.0 (25.0 -33.0) 17.0-44.0 
Category of Maternal Age (year)    

<20 1.7   
20-35 82.8   
>35 15.4   

Educational Status 
Primary School 
Middle School 
Higher Education 

 
29.1 
39.4 
1.4 

  

Household Income/Month (Rp)  2,250,000 (1,600,000-33,000,000) 280,000-48,000,000 
Parity 

Nulliparous 
Primiparous 

 
22.2 
77.7 

  

Birth Age (weeks)  39.33 (38.0-40.0) 37.0-43.0 
Pre-pregnancy BMI (kg/m2)  23.1 (19.7-25.6) 14.10-36.5 
Pre-pregnancy BMI Status 

Underweight 
Normal 
Overweight 
Obese 

 
8.6 

58.9 
14.3 
18.3 

  

Total Gestational Weight Gain (kg)  7.6 (5.4-9.8) 0.1-16.4 
Gestational Weight Gain Status 

Underweight  
Normal 
Overweight 

 
74.3 
22.3 
3.4 

  

Birth Weight (g)  3200.0 (3000.0-3500.0) 2100.0-4900.0 
Birth Weight Status 

Low  
Normal 

 
4.6 

95.4 
  

Birth Length (cm)  49.0 (48.0-50.0) 35.0-55.0 
Birth Length Status 

Short 
Normal 

 
4.6 

95.4 
  

Head Circumference   34.0.0 (33.0-35.0) 30.0-38.0 
Head Circumference Status 

Small 
Normal 

 
25.7 
74.3 

  

ANC: Antenatal Care, IQR: Interquartile Rasio, BMI: Body Mass Index, BW: Body Weight, Low Birth Weight <2500 g, Normal 
Birth Weight ≥2500 g, Short Birth Length <48 cm, Normal Birth Length ≥48 cm, Small Head Circumference <35 cm, Normal 
Head Circumference ≥35 cm
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Relationship between Pre-pregnancy BMI Status and 
Gestational Weight Gain 

Table 2 shows the results of the Kruskal-Wallis 
test with a significant relationship to the median value 
difference in pre-pregnancy BMI status and gestational 
weight gain (p-value=0.049). There is a difference in the 
median value of total gestational weight gain in women 
with pre-pregnancy BMI status of thin and fat, and fat and 
normal. Based on the Spearman correlation analysis, 
there is no significant relationship between pre-
pregnancy BMI status and total gestational weight gain 
(p-value=0.52). The correlation (r) between pre-
pregnancy BMI status and gestational weight gain is -1.42 
indicating a very strong correlation between the two 
variables. However, they have a negative direction where 

the larger the BMI category, the smaller the total 
gestational weight gain. Radhakanta et al (2017) found 
that obese mothers tend to experience excessive weight 
gain, while mothers with low BMI are at risk of 
underweight gain, both of which can have a negative 
impact on pregnancy. Pre-pregnancy BMI was statistically 
proven to be associated with gestational weight gain (p-
value <0.001). The energy needs of pregnant women are 
influenced by BMI. Low BMI requires more additional 
energy, while high BMI requires less27. BMI also affects 
basal metabolic rate and hormonal adaptations related to 
metabolism during pregnancy. Weight gain patterns 
differ between women with low and high BMI, with 
different implications for fat tissue, fetal growth, and 
body fluids23.

 
Table 2. Relationship between Pre-pregnancy BMI Status and Gestational Weight Gain in 2018 (N=175) 

Pre-pregnancy BMI 
Status 

Frequency 
(n) 

Total Gestational 
Weight Gain (kg) 

p-value 
Correlation 

(r) 
ap-value 

Underweight 15 8.4 (5.4-12.6) 

0.04* -1.4 0.52 
Normal 103 9.1 (2.0-15.0) 

Overweight 25 6.8 (3-14.3) 

Obese 32 8.4 (4-13.8) 

*) Kruskal-Wallis test, significant if p-value<0.05, Post hoc Mann Whitney test, Underweight vs Normal weight p-value>0.05; 
Underweight vs overweight p-value=0.021; underweight vs obese p-value>0.05; Normal vs overweight p-value=0.009; 
Normal vs obese p-value>0.05; overweight vs obese p-value>0.05, a) Spearman Correlation test 
 
The Relationship between Pre-pregnancy BMI and 

Anthropometrics of Newborns 

Table 3 shows a significant relationship between 
pre-pregnancy BMI and birth weight (Kruskal-Wallis p-
value=0.003; Spearman p-value=0.009). Differences in 
the median value of birth weight were found between the 
underweight-normal, underweight-obese, and normal-
obese BMI groups. The correlation was very weakly 
positive (r=0.2). There is also a significant association 
between pre-pregnancy BMI and birth length (Kruskal-
Wallis p=0.045). Differences in the median value of birth 
length were found between the underweight-normal and 
underweight-obese BMI groups. However, Spearman's 
correlation was not significant (p-value=0.1) with a very 
weak correlation (r=0.106). BMI status and head 
circumference did not show a significant relationship 
(Kruskal-Wallis p-value=0.054; Spearman p-value=0.124) 
with a very weak correlation (r=0.117). Mothers with low 
BMI are at higher risk of giving birth to LBW babies, with 
a global prevalence of 15-20% per year as reported by 
WHO. Risk factors for LBW cover poor maternal 
nutritional intake, low BMI status, and CED in women28. 
Irma (2019) revealed a significant association between 
pre-pregnancy BMI and birth weight (p-value=0.040, 
r=0.232). Eka and Sandra (2016) also found that the 
nutritional status of mothers with a low pre-pregnancy 
BMI has an 11.6 times higher risk of giving birth to LBW 
babies compared to those with a normal BMI24. 

Pre-pregnancy BMI status has a significant 
relationship to birth length in line with a previous study 
at Puskesmas Padamara, Purbalingga District that BMI 
status has a very strong and significant relationship to the 
birth length of babies (p-value <0.001, r=0.876). The 
greater the pre-pregnancy BMI status, the greater the 
birth length of the baby29. Pre-pregnancy BMI status does 
not have a significant relationship to head circumference. 
This is in line with a previous study by Nentien and Sri 
(2018) in the Obstetrics Room of RSI Ibu Sina Bukit Tinggi 
with a sample of 202 people that reveals an insignificant 
result between pre-pregnancy BMI status and head 
circumference (p-value=0.120), with an average head 
circumference of 32.9 cm30. Head circumference is an 
indicator of fetal growth and baby health. The head 
circumference sizes  can be influenced by many factors, 
namely genetics, microcephaly, hydrocephalus, and 
cerebral tumors. Besides, the head circumference can 
also be influenced by indirect factors such as maternal 
age, parity, maternal hemoglobin, and maternal 
lifestyle31. Diet and nutritional intake before pregnancy 
affect early pregnancy nutritional status which also 
affects infant outcomes. Morning sickness can reduce 
food intake and this affects maternal weight gain. 
Hormonal and metabolic changes during pregnancy 
interact with pre-pregnancy BMI, affecting weight gain 
patterns. Women with low BMI who experience severe 
morning sickness require special attention to ensure 
adequate weight gain32.

 
Table 3. Relationship between Pre-pregnancy BMI and Anthropometrics of Newborns and Interaction between Pre-
pregnancy BMI and Gestational Weight Gain on Anthropometric of Newborns in 2018 

Variable 
Percentage 

(%) 
Median 

(IQR) 
p-value P Interaction 

Birth Weight (g) 
Underweight 8.6 3000.0 (2100.0-3500.0) 0.003a* 0.73930d 
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Variable 
Percentage 

(%) 
Median 

(IQR) 
p-value P Interaction 

Birth Weight (g) 
Normal 58.9 3200.0 (2100.0-4500.0) 0.2b 

0.009c* Overweight 14.3 3100.0 (2400.0-4000.0) 
Obese 18.3 3400.0 (2600.0-4900.0) 

Birth Length (cm) 
Underweight 8.6 48.0 (45.0-50.0) 

0.045a* 
0.1b 

0.161c 

0.377d 
Normal 58.9 49.0 (35.0-55.0) 
Overweight 14.3 48.0 (47.0-51.0) 
Obese 18.3 50.0 (45.0-53.0) 

Head Circumference (cm) 
Underweight 8.6 35.0 (30.0-37.0) 

0.054a 

0.1b 

0.124c 

0.175d 
Normal 58.9 34.0 (30.0-38.0) 
Overweight 14.3 34.0 (30.0-36.0) 
Obese 18.3 35.0 (31.0-38.0) 

Data are presented in median (Interquartile Range), a) Kruskal-Wallis test, b) r value from Spearman's correlation test, c) p-
value from Spearman's correlation test, d) Multivariate analysis used general linear model test with a total of 175 samples, 
*) Significant if p-value<0.05, Adjustment for confounding factors/variables used are maternal age, ANC visits, gestational 
age, and parity status and the p-value used is the p-value for interaction results. 
 
Relationship between Gestational Weight Gain and 
Anthropometrics of Newborns 

Table 4 shows that gestational weight gain has no 
significant correlation with anthropometric 
measurements of newborns covering birth weight, body 
length, and head circumference. The Kruskal-Wallis test 
obtained a p-value>0.05 for all three variables (body 
weight: p-value=0.512; body length: p-value=0.368; and 
head circumference: p-value=0.273), indicating no 
significant median difference. Spearman correlation 
analysis also confirmed that there is no significant 
association, with a p-value of >0.05 and a very weak 
correlation coefficient (r) for all variables (body weight: p-
value=0.340, r=0.1; body length: p-value=0.713, r=-0.3; 
and head circumference: p-value=0.078, r=0.1). Based on 
the analysis, the association between gestational weight 
gain and anthropometric outcomes of newborns did not 
show a significant correlation. This finding is consistent 
with a previous study by Akbar Shiddiq (2011) in 
Pariaman City that there was no significant correlation 
between gestational weight gain and birth weight (p-
value=0.32)33. This is in line with a previous study by 
Rosdianto et al (2019) at the Sukabumi Basic Emergency 
Obstetric Neonatal Care (PONED) involving 72 samples. 
Postpartum mothers expressed that gestational weight 
gain in the early and late stages of pregnancy (trimesters 
I and III) did not show a significant correlation with the 

anthropometric outcomes of newborns. Specifically, 
gestational weight gain in the third trimester did not 
show a significant relationship with the baby's body 
length, and likewise gestational weight gain in the first 
trimester did not have a significant relationship with the 
baby's head circumference. These findings highlight the 
complexity of factors influencing fetal growth34. 

Gestational weight gain reflects nutritional status 
and needs to be monitored regularly. Increases that are 
not in accordance with IOM recommendations can 
indicate malnutrition and the risk of fetal growth 
disorders. Factors influencing weight gain include fetal 
growth, placenta, amniotic fluid, enlargement of 
maternal organs, and changes in metabolism. Maternal 
nutritional status has a significant influence on pregnancy 
outcomes. Malnutrition can inhibit fetal growth and 
increase the risk of LBW and stunting. On the other hand, 
balanced nutrition supports optimal fetal growth and 
reduces the risk of complications35. During pregnancy, 
energy needs increase by 300-500 kcal/day in the second 
and third trimesters. Carbohydrate, protein, and fat 
metabolism change to support fetal growth and prepare 
for breastfeeding. Moreover, considering micronutrient 
intake such as folic acid, iron, and calcium, is also 
important. Optimal total weight gain of 11-16 kg supports 
healthy fetal growth and minimizes the dangers of 
premature birth or LBW16.

 
Table 4. Relationship between Gestational Weight Gain and Anthropometry Outcomes in 2018 

Variable 
Percentage 

(%) 
Median 

(IQR) 
ap-value R bp-value 

Birth Weight (g) 
Underweight 74.3 3200.0 (2100.0-4500.0) 

0.512 0.1 0.340 Normal 22.2 3300.0 (2400.0-4900.0) 
Overweight 3.4 3200.0 (2400.0-3500.0) 

Birth Length (cm) 
Underweight 74.3 49.0 (35.0-55.0) 

0.368 -0.3 0.713 Normal 22.2 49.0 (45.0-53.0) 
Overweight 3.4 48.0 (45.0-51.0) 

Head Circumference (cm) 
Underweight 74.3 49.0 (35.0-55.0) 

0.368 -0.3 0.713 
Normal 22.2 49.0 (45.0-53.0) 
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Variable 
Percentage 

(%) 
Median 

(IQR) 
ap-value R bp-value 

Overweight 3.4 48.0 (45.0-51.0) 

Data are presented in median (minimum-maximum), a)Kruskal-Wallis test, significant if p-value<0.05, b) Spearman 
Correlation Test, significant if p-value<0.05 
 
Interaction between Pre-pregnancy BMI Status and 
Gestational Weight Gain on Anthropometrics Outcomes 

Table 3 shows the results of multivariate analysis 
using the General Linear Model with an interaction test 
on pre-pregnancy BMI status and gestational weight gain 
on anthropometry outcomes (weight, length, and head 
circumference). The analysis considers covariate 
variables such as maternal age, total ANC visits, birth age, 
and parity. The results showed no significant interaction 
for all infant anthropometric outcomes: birth weight (p-
value=0.739), birth length (p-value=0.377), and head 
circumference (p-value=0.175). The results of the study 
showed that pre-pregnancy BMI status and gestational 
weight gain did not cause a significant interaction effect 
on the size of the baby’s growth at birth, after considering 
various relevant comparison variables. 

The findings of this study are in line with a 
previous study by Frederick et al (2008) that there was no 
interaction between pre-pregnancy BMI and gestational 
weight gain on birth weight (p-value=0.645). The 
nutritional status of the mother before and during 
pregnancy greatly influences the outcome of the baby. 
Mothers with normal nutrition tend to give birth to 
babies with normal weight and full term. Malnutrition 
increases the risk of LBW and premature birth, while 
obesity can cause complications such as miscarriage, 
preeclampsia, and macrosomia. However, other factors 
such as maternal age, education, parity, gestational age, 
and gender of the baby also contribute to the baby's birth 
weight36,37. Moreover, Fitri and Wiji (2018) revealed that 
nutrient intake plays an important role in the 
anthropometry of newborns. Pregnant women need to 
monitor their nutritional intake and status to prevent 
deficiencies that can cause malnutrition and stunting 
impacting the child's cognitive development, growth, and 
long-term health. Pre-pregnancy BMI reflects the 
mother's long-term nutritional status, while gestational 
weight gain reflects nutrient intake and metabolic 
adaptation. Maternal nutrient intake and adequacy affect 
placental development and nutrient transfer from 
mother to fetus. Macronutrient and micronutrient 
adequacy an important role in fetal growth, affecting 
birth weight, length, and head circumference38. 

Nutritional interactions indicate that a low BMI 
and inadequate weight gain can increase the risk of 
nutritional deficiencies, while a high BMI with excessive 
weight gain can increase insulin resistance. Normal BMI 
with optimal weight gain can support optimal fetal 
growth. Long-term nutritional implications show that 
birth anthropometry can affect growth patterns and the 
risk of metabolic diseases later in life. Therefore, 
pregnant women need to prepare for their pregnancy by 
maintaining their pre-pregnancy BMI status and 
appropriate gestational weight gain and considering 
other factors to reduce the risk of having a baby with 
suboptimal anthropometry39. 

The limitation of this study is the data source 
which comes from secondary data so the level of 
generalization of the research results is quite high. Future 
studies are expected to analyze primary data so that the 
results obtained can represent the conditions obtained 
when the research is conducted. Besides, this study did 
not examine in more depth the types of nutritional 
intake, environmental conditions, and other factors that 
can affect them. Thus, future studies are expected to 
consider and analyze them. 
 
CONCLUSIONS 

Based on the results of the study, it can be 
concluded that there is a significant relationship between 
BMI status before pregnancy and gestational weight gain. 
BMI before pregnancy also correlates with the weight 
and birth length of the baby, but not with head 
circumference. Gestational weight gain does not show a 
significant relationship in the anthropometry of the 
newborn, including weight, length, and head 
circumference. However, there is no significant 
interaction between BMI before pregnancy and 
gestational weight gain on the anthropometry of the 
newborn. 
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