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Abstract
BACKGROUND: Maternal and neonatal morbidity is still high in developing countries like in Indonesia. There are 
several factors may affect maternal health during pregnancy such as physical activity level (PAL) and prepregnancy 
nutritional status.

AIM: The aim of the study was to analyze the association between maternal PAL and prepregnancy body mass index 
(PP-BMI) with birth size outcomes.

METHODS: We used data from a prospective birth cohort study, Vitamin D Pregnant Mothers Study, to 183 healthy 
singleton pregnant women. Data collection of the study conducted from June 2017 to March 2018. PP-BMI was 
classified according to the WHO guidelines for Asian Population. Women PAL was measured at the first trimester (T1) 
and third trimester (T3) during pregnancy using the Global Physical Activity Questionnaire. Birth size outcomes were 
measured immediately after birth such as birth weight, birth length, and head circumference.

RESULTS: Pregnant women at T3 had 2  times lower physical activity than T1 of pregnancy (OR, 2.18; 
CI,  1.044–  4.57;  p  = 0.045). Maternal PAL at T1 and T3 was mostly in sedentary level (74.3% and 77.1%, 
respectively). There was no association between PP-BMI, PAL, and birth size outcomes (p > 0.05 for all comparisons). 
However, the physical activity at T1 had a significant association with birth weight outcomes (MD [95% CI]: 155.3 
[13.8–296.8], p = 0.032). There was a significant interaction between maternal PAL and PP-BMI on birth weight 
(p-interaction = 0.011) and head circumference (p-interaction = 0.034).

CONCLUSIONS: Our study reveals that pre-maternal nutritional status and physical activity behavior during the 
pregnancy define the head circumference and birth weight outcomes. Further large studies are needed to confirm 
our findings.
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Introduction

Views on physical activity during pregnancy 
have taken on new meanings and implications 
throughout past decades. This has created a move 
towards standardization of the prenatal physical activity 
level (PAL) recommendations [1]. Nevertheless, the 
prevalence of PAL during pregnancy is low among the 
pregnant women population worldwide [1], [2]. Moderate 
PAL intensity is suggested to be a recommended 
lifestyle for women in reproductive age to mediate 
the weight maintenance and weight gain during the 
pregnancy. It is classified to have beneficial effects on 
reducing maternal complication risks related to fetal 
growth and development and the occurrence of chronic 
diseases in children later in life. Several factors, indirect 

or direct, have been reported to have a relationship 
with fetal development such as socio-economic status, 
nutritional status, blood pressure, gestational diabetes 
mellitus, smoking habit, unhealthy lifestyle, and prenatal 
care [3], [4]. Therefore, optimum weight gain, proper 
PAL, and adequate requirements of nutrient intakes 
are the ideal characteristics of healthy lifestyle during 
pregnancy [5], [6].

Engaging maternal healthy and active behaviors 
during pregnancy may become useful for constricting 
excessive weight gain, improving obstetrical outcomes, and 
promoting optimal fetal growth trajectories [7]. However, the 
relationship between PAL during gestation and pregnancy 
outcomes in Indonesian women was poorly understood. 
Limited studies have investigated the association between 
maternal PAL and birth size outcomes, especially 
before and during pregnancy in Indonesian women. 
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Therefore, the purpose of this study was to investigate 
the association between maternal physical activity status 
and birth size outcomes (birth weight, birth length, and 
head circumferences), and whether other determinants of 
confounding variables such as prepregnancy body mass 
index (PP-BMI) affect birth size outcomes.

Methods

Research design and study subjects

This study was a part of West Sumatran 
Vitamin D Pregnant Mothers (VDPM) cohort study which 
was observing pregnant mothers from the first trimester 
till to be delivered and we assess whether mother’s 
Vitamin D status, gestational weight gain (GWG), physical 
activity, Vitamin D-related genes polymorphisms, dietary 
pattern, and other biochemical factors could determine 
mothers health, fetal growth and development, newborn 
anthropometry measurement, and other pregnancy 
indicators. The VDPM cohort study conducted at public 
health centers in five different cities (Padang, Padang 
Pariaman, Pariaman, Lima Puluh Kota, and Payakumbuh) 
in West Sumatra, Indonesia. The part of the cohort study 
has been published elsewhere, recently [3], [8], [9]. A total 
of 183 singleton pregnant women were recruited and had 
been followed up till birth. Data collection of the study 
conducted from June 2017 to March 2018.

The inclusion criteria included: (1) Pregnant women 
that visited public health care in each site, (2) pregnancy 
in the first trimester (<13 weeks), (3) healthy based on the 
results of doctor’s examination, and (4) willing to participate 
in the research by signing informed consent and followed 
the research procedure. Moreover, we excluded those 
who have a stillbirth, abortion, birth defects, pre-eclampsia, 
severe anemia, hypothyroidism, suffering chronic disease 
(diabetes mellitus, hypertension, abnormal heart function, 
and glandular thyroid disease), and multiple gestations. 
All participants were followed from the first trimester to 
deliveries process to assess birth size outcomes, such 
as birth weight, birth length, and head circumferences. 
After followed up process, we obtained 183 of available 
mother-infant pairs (Figure  1). This study protocol was 
conducted in accordance with the declaration of Helsinki 
and approved by the Ethics Committees on November 
1, 2016 (No. 262/KEP/FK/2016). All women gave written 
informed consent and anonymity subject’s data form for 
themselves before data collection and recruitment in this 
study.

Socio-demographic and anthropometric of 
study participants

We collected information such as age, parity, 
education, occupation, socioeconomic status, and 

geographical status of their living (urban or rural areas) 
at the enrollment process. At the first (T1), second (T2), 
and third trimester (T3), a trained research assistant 
(registered nutritionists) collected data of maternal 
anthropometry.

Bodyweight was measured to the nearest 
100  g using an electronic scale (Seca 803, Seca 
GmbH. Co. kg, Hamburg, Germany) and height was 
measured to the nearest millimeter using a stadiometer 
(OneMed Medicom stature meter, YF.05.05.V.A.1022, 
Indonesia). The BMI was estimated as weight (kg) 
divided by the square of body height (m). PP-BMI was 
classified according to the World Health Organization 
(WHO) guidelines for Asian Population (underweight, 
<18.5  kg/m2; normal, 23.5–24.99  kg/m2; overweight, 
25–29.99 kg/m2; obese, ≥30 kg/m2) [10]. The mid-upper 
arm circumferences (MUAC) (cm) was measured using 
a MUAC tape measure (Medline-OneMed Medicom, 
Jakarta, Indonesia) midpoint between the elbow and 
the shoulder (acromion and olecranon) and place the 
tape around the left arm (the arm should be relaxed and 
hang down of the side of the body).

PAL measurement

“The Global Physical Activity Questionnaire” 
(GPAQ), developed by the WHO was used to measure 
physical activity [11]. The total time in moderate-to-
vigorous physical activity was calculated according to 
the WHO STEPwise method and was expressed as 
Metabolic Equivalent minutes per day (MET min/ day). 
Furthermore, women who have MET min/day more 
than equal to 600 MET min/day were classified as 
“active,” and <600 MET min/week were classified 
as “inactive.” Sedentary behavior (SB, min/day) was 
determined from the last question of the GPAQ, based 
on how long the participants spent sitting while working, 
in a vehicle, watching television, or lying down, except 
sleeping [11]. We measured PAL of participants twice 
during pregnancy which in T1 and T3 of pregnancy.

Out of 276, 93 were dropped out because of 
refuse to continue the study, moving out of the research 

Enrolled T1 (<13 weeks)
(n = 232)

Rejected (n = 42)

Lost to follow up
Move away, refuse,
could not be found

in the location (n = 8)

Lost to follow up
Move away, refuse,
could not be found

in the location (n = 7)

Recruited participants 
(n = 276)

Enrolled T2 (13 – 26 weeks)
(n = 210)

Enrolled T3 (> 27 weeks)
(n = 198)

Birth delivery record
(n = 183)

Excluded
Still birth, no

physical activity
data (n = 15)

Excluded
Preterm birth

(n = 5)

Excluded
Miscarriage, high

risk factor 
(n = 14)

Figure  1: Vitamin D pregnant mothers cohort study participants 
diagram
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location, pregnancy loss, lost contact and did not 
complete physical activity assessment.

Birth size outcomes

Gestational age at birth was calculated from the 
estimated gestational age examined by obstetricians or 
midwives performed using transabdominal ultrasound 
or date of last menstrual period in the absence of 
ultrasound at the Maternal Clinic or Hospital. The 
baby birth weight was documented in the birth record 
immediately after birth using a digital baby weight scale 
(Seca 385, Seca GmbH. Co. kg, Hamburg, Germany). 
The Baby’s birth length and head circumference were 
measured to the nearest 1  ml using a stadiometer 
and pita meter (OneMed-Medicom stature meter, 
YF.05.05.V.A.1022, Jakarta, Indonesia).

Statistical analysis

Data were analyzed using the IBM SPSS 
Statistics for Windows (version  23.0; SPSS, Inc., 
Chicago, IL, USA). Continuous variables with normal 
distribution were presented as mean ± SD and non-
normal variables were presented as median (IQR). 
Categorical variables were presented as frequency and 
percentage. The normality of the distribution of outcome 
variables was tested by the Kolmogorov–Smirnov test.

Physical activity status was treated as categorical 
variables (presence or absence) among the women in the 
first and third trimesters. Chi-square and student’s t-test 
were tested to assess the differentiation of the subject’s 
maternal characteristic by maternal physical activity status 
during pregnancy. Analysis of the association between 
maternal PAL and birth size outcomes was evaluated 
by multivariable linear regression test and adjusting for 
confounding variables such as maternal age, energy 
intake, PP-BMI, and infant gender, while multivariable 
logistic regression was used to examine the association 
between PP-BMI and PAL. Two-sided p  <  0.05 was 
considered statistically significant.

Results

Characteristics of the participants

The characteristics of the VDPM cohort study 
participants are presented in Table 1. We categorized 
subject characteristics by maternal physical activity 

status during pregnancy (T1 and T3). We found that older 
age women were physically active than younger ages 
women in T1 pregnancy (p = 0.006). Maternal mean PP 
BMI was not significantly different between inactive and 
active women during pregnancy (T1 and T3 p > 0.05). 
Moreover, from all the participants, 12.5% were 
underweight, while 55.2%, 19.8%, and 12.50% were 
normal, overweight, and obese, respectively, according 
to the BMI classification.

In the present study, participants had a 
significant difference in PAL at T1 and T3 (p = 0.045). 
The proportion of inactive women was higher in the 
third trimester compared to the first trimester. Women 
in the third trimester had 2.18  times higher to have a 
lower PAL (Table 2). 74.3% of women in T1 had inactive 
physical activity while 25.7% were active. Similarly, 
77.1% of women in T3 were inactive while only 22.9% 
were active.

Table  2: Comparison of physical activity status during 
pregnancya

PAL at T1 PAL at T3 OR (95% CI) p‑value
Inactive (n = 141) Active (n = 42)

Inactive (n = 136) 110 (78.0) 26 (61.9) 2.18 (1.04–4.57) 0.045
Active (n = 47) 31 (22.0) 16 (38.1)
PAL: Physical activity levels, T1: First trimester, T3: Third trimester, OR: Odds ratio, CI: Confidence interval. 
aData are expressed as number (percentage frequency) and tested by Chi‑square.

The association between PP-BMI and 
physical activity with birth size outcomes

The association between PP-BMI status and 
physical activity status during pregnancy is presented in 
Table 3. There was no significant relationship between 
PP-BMI status and maternal physical activity during 
pregnancy (p > 0.05).

The association between PAL and birth size 
outcomes is shown in Table 4. Women were physically 
active in T1 more likely to have a higher mean birth 
weight (p = 0.032). However, no significant association 
was found in the birth length and head circumference 
(p > 0.05) among T1 and T3 pregnancy.

The association between PP-BMI and birth 
weight is shown in Figure 2a. PP-BMI was not significantly 
associated with birth weight (p = 0.074). However, group 
comparison showed that a significant difference in birth 
weight between women in underweight status and obese 
status was found (p = 0.025). Similarly, there was no 
association between PP-BMI with birth length (Figure 2b) 
and head circumference (Figure  2c). However, group 

Table 1: Subject characteristics by maternal physical activity status in the first and third trimestera

Parameters T1 T3
Inactive (n = 136) Active (n = 47) p‑valueb Inactive (n = 141) Active (n = 42) p‑valueb

Age (years) 29.9 ± 5.7 31.5 ± 4.9 0.006 29.2 ± 5.7 30.9 ± 5.1 0.075
Monthly income (IDR in million) 3.2 ± 4.6 2.8 ± 2.0 0.630 2.9 ± 2.4 3.7 ± 7.3 0.508
PP‑BMI (kg/m2) 23.4 ± 4.5 23.3 ± 4.1 0.873 23.5 ± 4.5 22.9 ± 4.1 0.414
MUAC (cm) 27.0 ± 3.8 26.8 ± 3.9 0.753 27.9 ± 3.8 27.4 ± 3.5 0.526
Birth weight (g) 3179.0 ± 446.0 3306.4 ± 389.2 0.083 3209.3 ± 435.3 3219.1 ± 438.0 0.902
Birth length (cm) 48.4 ± 3.2 49.1 ± 1.8 0.219 48.8 ± 1.7 48.6 ± 2.6 0.569
Head circumference (cm) 33.8 ± 2.8 34.3 ± 1.6 0.338 34.0 ± 1.9 33.9 ± 1.8 0.809
IDR: Indonesian rupiah, T1: First trimester, T3: Third trimester, PP‑BMI: Prepregnancy body mass index, MUAC: Mid‑upper arm circumference, aData are presented as mean ± standard deviation (SD), bp‑value was analyzed 
using the student t‑test.
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comparison showed that obese women had significantly 
bigger birth head circumference compared to normal 
(p = 0.047) and overweight (p = 0.038).

Figure 2: The association between prepregnancy body mass index 
and (a) birth weight, (b) birth length, and (c) head circumference

c

ba

Moreover, we tested whether PP BMI affects 
maternal PAL and birth size outcomes. An interaction 
was found between PAL at T1 and PP-BMI on birth 
weight (p-interaction = 0.001) (Figure 3 and Table 4). In 
the T3 of pregnancy, we found an interaction between 
PAL and PP-BMI on birth weight and head circumference 
outcomes (p-interaction = 0.011 and 0.034, respectively). 
The T3 of pregnant women who are physically active 
had a significantly higher birth weight when they were 
underweight (p = 0.029) (Figure 4).

Discussion

Women who have regular physical activity 
have several health benefits during pregnancy including 

reduced risk of excess weight and complication 
related to pregnancy outcomes such as gestational 
diabetes, preterm birth, and pre-eclampsia [7]. In this 
VDPM cohort study, we measured the association 
between physical activity during pregnancy and birth 
size outcomes (birth weight, birth length, and head 
circumference). We also measured other determinants 
of confounding variables such as PP-BMI and GWG 
during pregnancy that may affect birth size outcomes. 
Our findings highlighted some points; (1) Maternal PAL 
during pregnancy had a significant difference between 
T1 and T3 of pregnancy,  (2) maternal physical activity 
during pregnancy had no association with birth size
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Figure 4: The association between physical activity status at T3 and 
birth weight based on prepregnancy body mass index categories
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Figure 3: The association between physical activity status at T1 and 
birth weight based on pre-pregnancy body mass index categories

Table 3: Association of prepregnancy BMI status and physical activity status during pregnancy
PP‑BMI Status Physical Activity Status T1 n (%) Physical Activity Status T3 n (%)

Inactive (n = 136) Active (n = 47) OR 95% CI p‑value Inactive (n = 141) Active (n = 42) OR 95% CI p‑value
Underweight (n = 22) 17 (12.5) 5 (10.6) 1.00 0.97 16 (11.3) 6 (14.3) 1.00 0.69
Normal (n =104) 76 (55.9) 28 (59.6) 0.83 0.31–2.18 79 (55.3) 26 (61.9) 0.80 0.28–2.31
Overweight (n = 36) 27 (19.8) 9 (19.2) 0.80 0.26–2.45 30 (21.3) 6 (14.3) 0.41 0.11–1.56
Obese (n = 21) 16 (11.8) 5 (10.6) 0.90 0.26–3.08 17 (12.1) 4 (9.5) 0.58 0.14–2.34
PP‑BMI: Prepregnancy body mass index, T1: First trimester, T3: Thrd trimester, OR: Odds ratio, CI: Confidence interval. aAnalyzed by logistic regression after adjusting for maternal age, gestational age, and parity status.

Table 4: Association between physical activity and birth size outcomes
Physical activity status Birth weight (g) Birth length (cm) Head circumference (cm)

Mean ± SE Mean difference (95% CI) Mean ± SE Mean difference (95% CI) Mean ± SE Mean difference (95% CI)
T1

Inactive 3171.9 ± 35.7 Ref 48.6 ± 0.2 Ref 33.8 ± 0.2 Ref
Active 3327.2 ± 61.4 155.3 (13.8–296.8) 49.1 ± 0.3 0.4 (–0.1–1.1) 34.4 ± 0.3 0.4 (–0.2–1.1)

p‑valuea 0.032 0.16 0.16
p‑interactionb 0.001 0.14 0.30
T3

Inactive 3204.3 ± 35.3 Ref 48.8 ± 0.2 Ref 34.0 ± 0.2 Ref
Active 3236.9 ± 65.2 32.6 (–114.5–179.7) 48.6 ± 0.3 –0.2 (–0.8–0.5) 34.0 ± 0.3 0.054 (–0.60–0.71)

p‑valuea 0.67 0.65 0.87
p‑interaction b 0.011 0.28 0.034
T1: First trimester, T3: Third trimester, SE: Standard error, PP‑BMI: Prepregnancy body mass index. aTested by linear regression and adjusted for maternal age, PP‑BMI, energy intake, and infant gender. bInteraction analysis 
between PAL during pregnancy and PP‑BMI on birth size outcomes after adjusting for confounding variables such as maternal age, energy intake and infant gender.
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outcomes in the unadjusted model, (3) there is an 
association between first trimester’s PAL and birth 
weight after adjustments with confounding factors such 
as maternal age, PP-BMI, energy intake, infant gender, 
and GWG, (4) there is no significant association of PAL 
with other variables, such as PP-BMI, birth length, and 
head circumference, and (5) there is an interaction 
between PAL and PP BMI on birth weight and head 
circumference.

Recent cohort studies found that physical 
activity during pregnancy, either active or inactive, was 
not associated with adverse birth outcomes [12], [13]. 
However, several studies revealed an association when 
measuring PAL in various levels and specific activities 
with low birth weight and preterm birth [14], [15], [16]. 
Furthermore, a systematic review found that the risk of 
preeclampsia might be reduced by regular PAL during 
pregnancy [15]. Those studies showed that PAL may 
have benefits for fetal development. Meanwhile, in 
the present study, we had a higher inactive physically 
participants in the third trimester. The decreasing PAL 
during pregnancy generally started in the first trimester 
when the vomiting, profound fatigue, and nausea 
happened and the physical limitations of the third 
trimester begin [17].

The implication of physical activity in early 
pregnancy had a significant association to improve 
placental function in healthy pregnancy although it 
showed different results and remains unclear about 
its impacts on fetal growth in women with pregnancy 
complications [18]. The effect of maternal physical 
activity on fetal growth remains debatable on endothelial 
dysfunction and abnormal perfusion which is leading 
to preterm birth [12]. The benefit of exercise not only 
improving vascularity of energy supply by fulfilling fetal 
nutrient needs but also creates a sense of comfort 
during pregnancy and increasing the quality of life of 
the pregnant women which will certainly have a good 
impact on fetal growth [19]. However, excessive PAL 
may reduce maternal blood flow to the placenta to 
cover inactive tissue requirement (adipose tissue) and 
due to physiologic stress of exercise [20], [21].

Other variables that would modulate the 
association between PAL and birth size outcomes 
include infant’s gender, GWG, and maternal BMI 
before pregnancy [22]. A  study in rural Malawi that 
determined PP-BMI and maternal GWG showed 
a positive association with birth weight and head 
circumference. Compared to normal-weight women, 
underweight women were more likely to have a higher 
risk of stunted infants [23]. Another prospective study, 
the Black Women’s Health Study, reported that women 
with <18 kg/m2 were more likely to have a higher risk 
of spontaneous preterm birth compared to normal 
and obese women [24]. The Norwegian Mother and 
Child Cohort Study revealed that newborn birth weight 
increased with both increasing maternal PP-BMI and 
maternal weight gain during pregnancy in all categories 

of maternal PP-BMI [25]. This study observed a 
significantly lower birth weight in underweight women 
compared to obese women. The relationship between 
PP-BMI and fetal growth is biologically plausible, 
although the direct affecting pathway from PP-BMI to the 
birth size outcomes is not known. A plausible explanation 
is that there is a complex interaction between genetics, 
maternal nutrition, GWG, and other factors that were 
mediated through the maternal nutrition pathway [26]. 
Hereafter, more research with a larger sample size is 
needed to determine the association between PP-BMI 
and birth size outcomes in Indonesian population.

In the present study, several limitations should 
be acknowledged. First, the sample size was relatively 
modest and therefore suggesting that our sample might 
not be the representative of women in West Sumatra, 
let alone Indonesia. Second, the variables of PP-BMI 
and physical activity may lead method bias data. 
PP-BMI was self-reported and collected through the 
information from maternal and child book records. While 
GPAQ was selected to determine the physical activity 
status among pregnant mothers, the results appear 
to overestimate physical activity and underestimate 
SB during pregnancy [27]. Therefore, there is a high 
susceptibility for participants to both recall bias and 
misreporting. Third, we used BMI, a proxy for body 
composition, rather than using more methods that are 
more accurate to assess body composition such as 
percentage body fat, muscle mass, and fat mass. The 
strength of this study was a prospective cohort study 
and highly trained study staff which were recruited 
to perform study protocols. Finally, based on our 
knowledge, our study is the first study that identifies the 
relationship between PAL status and PP-BMI on birth 
size outcomes in Indonesian pregnant women.

Conclusion

Our study provides evidence that maternal 
physical activity status was associated with newborn 
birth weight. Pregnant women who have underweight 
status before the pregnancy and are physically active 
at T3 were apparently to have heavier birth weight. 
Future research is needed, in particular, focusing on 
intervention studies or randomized controlled trials to 
confirm the impact of PALs on maintaining maternal 
health and prevent adverse pregnancy outcomes.
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