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Effects of Physical Activity During 
Pregnancy on Neonatal Birth 
Weight
Malshani L. Pathirathna1,2, Kayoko Sekijima1, Mieko Sadakata1, Naoshi Fujiwara3, 
Yoshiyuki Muramatsu1 & Kuruppu M. S. Wimalasiri4

We assessed the prevalence of adherence to the American College of Obstetricians and Gynecologists 
(ACOG) recommendations regarding physical activity during pregnancy among Sri Lankan women and 
explored the relationship between physical activity during pregnancy and neonatal birth weight. In 
total, 141 pregnant women (gestational age, 18–24 weeks) were included from October to December 
2015 and followed up until delivery. A validated questionnaire regarding physical activity during 
pregnancy was administered in the second and third trimesters. Activities were grouped by type 
(household/caregiving, occupational, transportation, sports/exercise, and inactivity) and intensity 
{sedentary [<1.5 metabolic equivalents (METs)], light intensity [1.5–2.9 METs], moderate intensity 
[3.0–6.0 METs], and vigorous intensity [>6.0 METs]}. Women were categorised as active or inactive 
based on the ACOG recommendations. In total, 79.1% and 45.2% of women met the guidelines in the 
second and third trimesters, respectively. The overall time spent and total energy expenditure was 
significantly higher in the second trimester (p < 0.001). We found no relationship between physical 
activity during pregnancy and neonatal birth weight. This study indicates that a considerable reduction 
of time and total energy expenditure occur as pregnancy progresses. Physical activity during pregnancy 
does not appear to significantly affect neonatal birth weight.

There is growing evidence that physical activity (PA) during pregnancy is beneficial for both the woman and foe-
tus. The American College of Obstetricians and Gynecologists (ACOG) recommends that pregnant women who 
are free of medical or obstetrical complications engage in ≥30 minutes of moderate PA per day on most if not all 
days of the week1. Despite this recommendation, the worldwide prevalence of PA during pregnancy is reportedly 
low because many women choose to reduce their level of PA and increase relaxation during pregnancy2. The 
performance of moderate to vigorous PA in early pregnancy is particularly low among women of South Asian 
and Middle East origin3. The main reasons for reduced levels of PA during pregnancy are physical discomfort, 
complications associated with pregnancy, growth of the woman’s body, and a sense of insecurity with PA4.

In 2003, Davies et al.5 provided new information on the effects of moderate PA on the pregnant woman and 
foetus, showing that PA has no adverse effects on either maternal or foetal health. Another study showed evidence 
of a protective effect of mild PA during pregnancy in the second trimester on low birth weight (LBW), pre-
term birth, and intrauterine growth restriction6. A systematic review and meta-analysis of observational studies 
reported an inverted U-shaped curve; moderate PA levels were associated with increased birth weight but high 
levels were associated with decreased birth weight7.

Sri Lanka is a developing country in southern Asia, in which LBW (less than 2500 g regardless of gestational 
age) constitutes a significant public health problem8. Several factors have been found to be associated with LBW 
of neonates. Some of these factors include pregnancy-induced hypertension9, underweight pre-pregnancy body 
mass index (BMI) and inadequate gestational weight gain10,11, maternal malnutrition12,13, active or passive tobacco 
smoking14–16 and exposure to biomass fuel smoke during cooking17,18, and anaemia19,20.
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The effect of PA during pregnancy on pregnancy outcomes was recently established as a research interest. 
The districts in Sri Lanka with a LBW prevalence of >18% are predominantly those where >40% of the popula-
tion is engaged in agriculture, and >30% of these individuals are women21,22. These findings may reflect the neg-
ative birth outcomes associated with increased PA during pregnancy. The prevalence of adherence to the ACOG 
guidelines regarding PA among pregnant women in Sri Lanka remains unknown. However, the culturally adopted 
pattern of PA during pregnancy among Sri Lankans is characterised by avoidance of strenuous activities, heavy 
lifting, exercise, and even fast walking. To our knowledge, the relationship between PA during pregnancy and 
neonatal birth weight has not been explored specifically in Sri Lankan women. Considering the unknown impact 
of PA on LBW in Sri Lankan context, this prospective longitudinal study was performed to evaluate patterns of 
PA during pregnancy and the relationship between PA and neonatal birth weight.

Methods
Design, setting, and participants.  The present study was part of a larger study designed to assess the 
maternal factors associated with neonatal birth weight. The study was conducted in a tertiary-care hospital in Sri 
Lanka during the 9-month period from October 2015 to June 2016. A detailed description of the patient recruit-
ment procedure has been published elsewhere23. Initially, 150 pregnant women at a gestational age of 18 to 24 
weeks were included in the study and they were followed-up until the delivery. Women with multiple foetuses, 
a history of miscarriage/abortion, pregnancy-induced hypertension, gestational diabetes mellitus, and chronic 
medical diseases (e.g., psychiatric disorders; cardiac, renal, or lung disease) were excluded at the time of recruit-
ment, or whenever such a condition was identified during pregnancy. Neonates with a low Apgar score of <5 at 
5 minutes after birth were also excluded from the final sample.

Ethical considerations.  The study was approved by the ethical review committees of the Graduate School of 
Health Sciences, Niigata University, Japan (No. 125); Faculty of Allied Health Sciences, University of Peradeniya; 
and the Institutional Ethical Review Committee of the Teaching Hospital, Kurunegala, Sri Lanka (ERC/2015/06). 
It was performed in compliance with the ethical principles outlined in the Declaration of Helsinki. Furthermore, 
prior to data collection, informed written consent was obtained from all participants.

Procedure.  Socio-economic and demographic data were collected using a pre-designed and pre-tested 
interviewer-administered questionnaire. Maternal height and weight were recorded by a trained research assis-
tant. Height was measured at the time of recruitment, whereas body weight was measured using a Tanita Digital 
Scale at each clinic visit prior to delivery. Body weight measurements taken prior to recruitment and at the time of 
delivery were directly obtained from pregnancy cards and hospital records respectively. Maternal PA was assessed 
once during the second trimester (approximately 22 weeks of gestation) and once during the third trimester 
(approximately 34weeks of gestation) using a validated pregnancy PA questionnaire (PPAQ)24. The PPAQ was 
a semi-quantitative questionnaire that asked participants to report the average time spent in 33 activities (31 
multiple-choice plus 2 open-ended questions). The women were asked to choose the best approximate amount 
of time spent in each activity per day or week during the on-going trimester. The provided time durations ranged 
from 0 to ≥6 hours per day and from 0 to ≥3 hours per week. Self-administration of the PPAQ took approx-
imately 7 to 10 minutes. The total gestational weight gain and neonatal data were collected from the hospital 
records after all participating women had delivered their babies.

Calculation of total energy expenditure.  Each activity was assigned an intensity using the metabolic 
equivalent (MET) table25. The MET is a unit used to estimate the metabolic cost of PA. The value of 1− MET is 
approximately equal to a person’s resting energy expenditure. The self-reported time spent in each activity was 
then multiplied by the corresponding intensity to obtain the average energy expenditure per week (MET-hours/
week). When the reported time was in hours per day, it was multiplied by 7 to determine the average weekly 
energy expenditure. Activities were classified into 5 categories by type: household/caregiving (13 activities), occu-
pational (5 activities), transportation (3 activities), sports/exercises (7 activities plus 2 open-ended questions), 
and inactivity (3 activities). In addition, each activity was classified into 4 categories based on its intensity: sed-
entary (<1.5 METs), lightintensity (1.5–2.9 METs), moderate intensity (3.0–6.0 METs), and vigorous intensity 
(>6.0 METs). The women were categorised into two groups based on the ACOG recommendations as active 
(≥30 min of moderate PA per day) and inactive (<30 min of moderate PA per day). The women were also cat-
egorised into four groups: those who stayed active (active at both 22 and 34 weeks), stayed inactive (inactive at 
both 22 and 34 weeks), became active (inactive at 22 weeks and active at 34 weeks), and became inactive (active 
at 22 weeks and inactive at 34 weeks). The outcome variables were the total number of hours per week and total 
number of MET hours per week.

Statistical analysis.  All statistical analyses were performed using Minitab version 17 (Minitab Inc., State 
College, PA, USA). Mean with standard deviation (SD) of time spent in PA (hours/week) and energy expenditure 
(MET-hours/week) are reported for 22 and 34 weeks of gestation separately. Categorical data are expressed as 
percentages. All variables were first assessed using numerical and graphical techniques to determine whether 
they met the distributional assumptions of the statistical tests used to analyse them. The Anderson-Darling test 
was used to explore whether outcome variables were normally distributed; and it was used with the normal 
probability plot. Participants’ characteristics were compared between active and inactive women using one-way 
analysis of variance (ANOVA) and the paired t-test. The levels of PA at 22 and 34 weeks were compared using a 
paired t-test for each type and intensity of PA. Pregnancy outcomes were first assessed based on the categories 
in the ACOG recommendations using a two-sample t-test and based on the change in the pattern of PA during 
pregnancy using one-way ANOVA. Neonatal birth weight was first adjusted for the gestational age and thereafter 
a regression analysis was used to estimate the effect of PA during pregnancy second trimester (active/inactive) 
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on adjusted neonatal birth weight. The covariates in the initial model were maternal age, pre-pregnancy BMI, 
and gestational age, while the factors were PA during pregnancy (1 = active, 2 = inactive), level of education 
(1 = none/up to primary, 2 = secondary/higher), monthly household income [1 = up to 13,999 Sri Lankan rupee 
(LKR), 2 = 14,000–31,999 LKR, 3 = ≥32,000 LKR], area of residence (1 = urban, 2 = suburban, 3 = rural), history 
of LBW (1 = yes, 2 = no), and parity (1 = primiparous, 2 = multiparous). Variables with the highest p value were 
removed from the initial model one variable at a time until the final model contained only the variables with a p 
value of <0.1. A p value of <0.05 was considered statistically significant.

Results
In total, 150 patients were recruited into the study. Nine women were excluded from the study because of spon-
taneous abortions (n = 2), multiple foetuses identified by 20 weeks using ultrasound (n = 2), maternal desire to 
deliver at another hospital (n = 3), and personal withdrawal (n = 2). Of the remaining 141 patients, data regarding 
total gestational weight were missing for 22 patients. The researcher failed to find neonatal data for 14 neonates 
from the hospital delivery registry records because of confusion due to many similar names, and one neonate with 
a 5-minute Apgar score of <5 was excluded at the end of the study, resulted for 126 neonatal data set.

Participants’ characteristics.  The overall background characteristics of the participants have been pub-
lished separately23. Final sample consisted of 126 healthy new-borns and among them 22(17.4%) were LBW 
babies. Among the 141 women, only 139 (98.6%) at 22 weeks of gestation and 62 (44.0%) at 34 weeks of gestation 
responded to the PPAQ. At 22 weeks of gestation, 110 (79.1%) women were above the ACOG guidelines regarding 
PA during pregnancy, whereas only 28 (45.2%) women met the guidelines at 34 weeks of gestation. Table 1 shows 
the level of moderate PA in relation to maternal and neonatal characteristics. No difference in the women’s char-
acteristics was found based on the moderate PA level.

Comparison of PA level during pregnancy between the second and third trimesters.  The num-
ber of hours spent for all modes of activity per week was significantly higher in the second than third trimester 
(p < 0.001). When the activities were divided into groups according to their intensity, a significant reduction in 
time spent in PA during the third trimester compared with the second trimester was observed in terms of sed-
entary activities (p < 0.05), light intensity (p < 0.001), and moderateintensity (p < 0.05). The mean time spent 
in vigorous-intensity activity was very low in both the second and third trimesters, and the difference did not 
reach statistical significance. A similar pattern was observed for the total energy expenditure (MET-hours/week) 
except for sedentary activities. The average energy expenditure corresponding to sedentary activities was signifi-
cantly higher in the third than second trimester (p < 0.001). Division of the activities by type revealed significant 
reduction of time (hours/week) spent in household/caregiving activities (p < 0.01), transportation (p < 0.001), 
and inactivity (p < 0.05) during the third trimester (Table 2). A similar pattern was observed for the total energy 
expenditure.

Level of PA in relation to changing pattern of PA.  Table 3 compares the PA levels during the second 
and third trimesters among the groups of women based on their changing patterns of PA during pregnancy. The 
average time spent per week in PA was significantly lower during the third than second trimester in the “became 
inactive group” (p < 0.001). A similar pattern was observed for the total energy expenditure during the third 
trimester in the “became inactive” group of women (p < 0.001). Women in the “stayed active” and “stayed inac-
tive” groups also showed a lower total energy expenditure in the third than second trimester (p < 0.05). Both the 
time spent per week and average energy expenditure per week in the third trimester were significantly higher in 
women who “stayed active” throughout the pregnancy than in women who “stayed inactive” and “became inac-
tive” (p < 0.001).

Changing pattern of PA during pregnancy and pregnancy outcomes.  No difference was observed 
in the total gestational weight gain, gestational age, or neonatal birth weight based on either the ACOG recom-
mendations or the changing pattern of PA during pregnancy (p > 0.05) (Table 4).

Effects of PA level during pregnancy on neonatal birth weight.  Assessment using the regression 
analysis was limited to the PA level during the second trimester because of the low PPAQ response rate during the 
third trimester. The regression analysis revealed significant impacts of gestational age on neonatal birth weight 
(p < 0.05). We found no significant impact of moderate PA during the second trimester on neonatal birth weight 
(p = 0.718) (Table 5).

Discussion
Of all participants, 98.6% responded at 22 weeks of gestation, but only 44% responded at 34 weeks of gestation, 
reflecting loss to follow-up. In Sri Lanka, maternal care is free throughout the ante-, intra- and postnatal periods. 
Antenatal care is provided by maternal and child health clinics, both in the field and in medical institutions. Most 
of the women in the current study attended both types of clinics. As institutional clinics are usually very crowded, 
the women sometimes tended to attend only field clinics, which do not perform advanced procedures such as 
blood evaluations or ultrasound on women with low-risk pregnancies at 34 weeks of gestation. In total, 79.1% 
and 45.2% of the pregnant women who participated in this study met the ACOG recommendations for PA during 
pregnancy in the second and third trimesters, respectively. This rate is significantly higher than the rates recorded 
in China26 (11.1%), Ireland27 (21.5%), and the United States28 (22.9%). However, the average energy expenditure 
in the second trimester among the women in the current study was lower than that reported in previous studies 
in Australia29 and France30. Moreover, in the current study, there was a significant reduction in the time spent 
in PA and the total energy expenditure during the third trimester. In addition to physical discomfort and bodily 
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growth, this reduction may be related to the traditional Sri Lankan culture, which defines pregnancy as a vulner-
able period that requires rest and protection. Therefore, pregnant Sri Lankan women tend to obey the traditional 
beliefs of no lifting heavy objects, no fast walking, and no strenuous activities during pregnancy. As a result, 
vigorous activity during the second trimester was very low in the present study, and no women reported vigor-
ous activities during the third trimester. In addition, nearly half of the total energy expenditure during the third 
trimester was covered by sedentary activities, highlighting the increase in low activity as pregnancy progresses. A 
major proportion of time spent in PA and the total energy expenditure among the pregnant women in the current 
study was covered by household/caregiving activities.

In 2017, Bisson et al.31 found that pregnant women engaging in high-level sports/ exercise during the first tri-
mester delivered infants of lower birth weight. Similarly, a cohort study performed in Iran reported that sporting 
activities increased the risk of an LBW infant32. We found that most Sri Lankan women did not engage in sport/
exercise, rendering comparisons difficult. This is a common feature of many Asian countries; women of reproduc-
tive age carry the most substantial burden of the household and caregiving activities. Although it did not reach 
statistical significance, most women in the lowest income group (92.9%) were active during the second trimester, 
indicating an association between household income and energy expenditure in Sri Lanka. The analysis of the 

22 weeks gestation 34 weeks gestation

Moderate-intensity physical activity

P Value

Moderate-intensity physical activity

P Value
<30 min/day 
(Inactive) n (%)

≥30 min/day 
(Active) n (%)

<30 min/day 
(Inactive) n (%)

 ≥ 30 min/day 
(Active) n (%)

All 29 (20.9) 110 (79.1) 34 (54.8) 28 (45.2)

Level of education

No/Up to primary 3 (13.6) 19 (86.4)
0.325

3 (37.5) 5 (62.5)
0.335

Secondary/Higher 26 (22.6) 89 (77.4) 29 (55.8) 23 (44.2)

Monthly household income

Up to 13999 LKR 2 (7.1) 26 (92.9%)

0.078

25 (58.1) 18 (41.9)

0.64014000–31999 LKR 21 (23.1) 70 (76.9) 5 (50.0) 5 (50.0)

≥32000 LKR 6 (33.3) 12 (66.7) — —

Area of residence

Urban 3 (23.1) 10 (76.9)

0.340

1 (25.0) 3 (75.0)

0.384Sub-urban 16 (26.7) 44 (73.3) 17 (60.7) 11 (39.3)

Rural 10 (15.9) 53 (84.1) 14 (51.2) 13 (48.1)

History of LBW deliveries

Yes 5 (17.9) 23 (82.1)
0.661

5 (35.7) 9 (64.3)
0.116

No 24 (21.6) 87 (78.4) 28 (59.6) 19 (40.4)

History of miscarriage/abortions

Yes 5 (13.2) 33 (86.8)
0.170

10 (62.5) 6 (37.5)
0.432

No 24 (23.8) 77 (76.2) 23 (51.1) 22 (48.9)

Parity

Primiparous 11 (24.4) 34 (75.6)
0.472

9 (64.3) 5 (35.7)
0.384

Multiparous 18 (19.1) 76 (80.8) 24 (51.1) 23 (48.9)

Pre-pregnancy BMI categorya

Underweight 9 (31.0) 20 (69.0)

0.282

6 (60.0) 4 (40.0)

—
Normal 12 (15.2) 67 (84.8) 22 (59.5) 15 (40.5)

Overweight 6 (26.1) 17 (73.9) 5 (41.7) 7 (58.3)

Obese 2 (25.0) 6 (75.0) — 2 (100)

Total gestational weight gain categoryb

Within recommended 5 (14.3) 30 (85.7)

0.543

9 (60.0) 6 (40.0)

0.693Below recommended 18 (23.4) 59 (76.6) 20 (54.1) 17 (45.9)

Over recommended 1 (20.0) 4 (80.0) 1 (33.1) 2 (66.7)

Neonatal birth weight category

<2500 g 2 (19.5) 19 (90.5)
0.100

5 (50.0) 5 (50.0)
0.640

≥2500 27 (26.2) 76 (73.8 25 (58.1) 18 (41.9)

Mode of delivery

Normal delivery 18 (23.1) 60 (76.9)
0.915

23 (65.7) 12 (34.3)
0.062

Cesarean section 11 (23.9) 35 (76.1) 7 (38.9) 11 (61.1)

Table 1.  Participants’ characteristics based on level of moderate physical activity. aBased on World Health 
Organization international BMI cut-off values40, bBased on Institute of Medicine (IOM) 2009 re-examined 
guidelines37.
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changing pattern of PA during pregnancy revealed that 41% of women stayed active throughout the pregnancy 
while 42.6% women became inactive during the third trimester.

Our univariate analyses showed no relationships between PA during pregnancy and gestational weight gain, 
gestational age, and neonatal birth weight. These findings are in agreement with the results of previous studies33,34, 
which indicated no significant association between maternal PA and gestational weight gain, gestational age, 
or neonatal birth weight. In contrast, some studies have shown a protective effect of mild PA against LBW and 
preterm birth6, whereas others have shown an increased risk of intrauterine growth restriction with moderate or 
vigorous occupational PA35.

In 2003, Cohen et al.36 indicated that pregnant women who engaged in purposeful walking routines asso-
ciated with activities of daily living achieved healthy weekly weight gains. However, in the current study, we 
did not focus on weekly gestational weight gains or the relationships between various PAs and birth outcomes. 

h/week

Difference (95% CI for 
the difference) P value

MET h/week

Difference (SD) [95% CI for 
the difference] P value

22 weeks 34 weeks 22 weeks 34 weeks

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

All modes of activities 11.9 (5.0) 7.7 (3.8) 4.2 (6.3) [2.6−5.8] <0.001* 145.8 (67.2) 78.1 (41.7) 67.7 (80.0) [47.4−88] <0.001*

By intensity

Sedentary 3.6 (3.1) 2.7 (2.3) 0.9 (3.2) [0.1−1.7] <0.05* 26.4 (22.4) 46.0 (28.7) −19.6(39.0) [−29.5–9.7] <0.001*

Light-intensity 5.3 (2.0) 3.1 (1.8) 2.2 (2.8) [1.5−2.9] <0.001* 81.6 (30.8) 19.6 (16.6) 62.0 (36.0) [52.9−71.2] <0.001*

Moderate-intensity 2.9 (2.4) 1.7 (1.4) 1.2 (2.5) [0.5−1.8] <0.001* 37.2 (38.3) 13.6 (13.0) 23.6 (38.2) [13.9−33.3] <0.001*

Vigorous-intensity 0.1 (0.4) 0.0 (0.0) 0.1 (0.4) [−0.0–0.2] 0.131 0.5 (2.8) 0.0 (0.0) 0.5 (2.8) [−0.2−1.3] 0.132

By type

Household/care giving 4.3 (2.5) 3.3 (1.8) 1.1 (3.0)[0.4−1.8] <0.01* 99.2 (55.8) 49.9 (31.0) 49.3 (62.1)[33.6−65.1] <0.001*

Occupational 0.3 (1.3) 0.1 (0.8) 0.2 (1.1)[−0.0−0.5] 0.096 3.9 (15.3) 1.1 (8.5) 2.8 (13.0)[−0.46−6.1] 0.090

Sports/exercise 1.6 (1.7) 1.3 (1.0) 0.3 (1.8) [−0.1−0.8] 0.169 5.8 (6.4) 4.6 (3.4) 1.2 (6.9) [−0.6−2.9] 0.180

Transportation 0.6 (0.6) 0.2 (0.4) 0.4 (0.8) [0.2−0.6] <0.001* 8.9 (9.4) 2.9 (5.5) 6.0 (11.2) [3.1−8.9] <0.001*

Inactivity 3.8 (3.1) 2.7 (2.3) 1.0 (3.2) [0.2−1.8] <0.05* 28.0 (22.9) 19.6 (16.6) 8.3 (23.6) [2.3−14.3] <0.01*

Table 2.  Comparison of physical activity levels in second and third trimesters (n = 62). Comparisons were 
performed using the paired-t-test. *p < 0.05, CI: confidence interval.

n (%)

Time spent for PA (hours/week) Energy expenditure (MET-hours/week)

22 weeks 
gestation

P 
value

34 weeks 
gestation P value

22 weeks 
gestation

P 
value

34 weeks 
gestation P value

Stayed active 25 (41.0) 11.8 (5.1)

0.188‡

10.0 (4.2)a
<0.001‡*
0.208†

0.054††

0.602†††

<0.001††††**

151.6 (73.0)

0.425‡

110.4 (41.4)a
<0.001‡*
0.046†*
<0.010††*
0.329†††

<0.001††††*

Stayed inactive 7 (11.5) 8.3 (3.0) 5.6 (3.1)b,c 108.2 (37.5) 48.7 (33.5)b,c

Became active 3 (4.9) 11.0 (5.5) 8.5(1.5)a,b,c 127.1 (56.3) 84.3 (7.1)a,b,c

Became inactive 26 (42.6) 13.0 (5.2) 5.9 (2.3)c 152.8 (69.2) 54.8 (21.6)c

Table 3.  Physical activity levels in relation to changing patterns of physical activity during pregnancy (n = 62). 
P value refers to that obtained by the paired t-test unless otherwise stated. ‡One-way analysis of variance. 
Comparison of physical activity at 22 and 34 weeks of gestation in the †active group, ††inactive group, †††became 
active group, and ††††became inactive group. a,b,cValues with the same superscript lowercase letter do not 
represent a significance difference. *p < 0.05.

n (%)

Total gestational 
weight gain (kg) 
Mean (SD) P Value

Gestational 
age (weeks) 
Mean (SD) P Value

Neonatal birth 
weight (g) 
Mean (SD)

P 
Value

ACOG recommendations 
of pregnancy PA

Active at 22 weeks 95 (76.6)a 9.5 (3.7)
0.530

38.9 (1.4)
0.506

2853.0 (491)
0.330

Inactive at 22 weeks 29 (23.4)a 8.9 (3.9) 38.6 (1.6) 2961.0 (526)

Active at 34 weeks 23 (43.4)a 9.3 (3.1)
0.636

38.8 (1.3)
0.154

2953.0 (572)
0.915

Inactive at 34 weeks 30 (56.6)a 9.7 (2.8) 39.3 (0.9) 2962.0 (516)

Changing pattern of 
pregnancy PA

Active 20 (37.7) 9.7 (2.9)

0.341‡

39.0 (1.0)

0.097‡

2981.0 (587.8)

0.431‡
Inactive 7 (13.2) 9.9 (1.9) 39.0 (1.1) 3235.7 (573.5)

Became active 3 (5.7) 6.5 (3.9) 37.7 (2.6) 2776.7 (500.8)

Became inactive 23 (43.4) 9.7 (3.1) 39.4 (0.9) 2878.3 (479.3)

Table 4.  Pregnancy outcomes in relation to physical activity during pregnancy. Pvalue refers to that obtained 
by the two-sample t-test unless otherwise stated. ‡One-way analysis of variance. an values correspond to the 
gestational age and neonatal birth weight.
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Moreover, Cohen et al.36 showed that moderate-intensity sports/exercise was not associated with appropriate 
gestational weight gain37 and stressed that sedentary pregnant women should not be encouraged to engage 
in vigorous activity to achieve the recommended weight gain37. However, Cohen et al. focused on preven-
tion of overweight; most enrolled subjects exceeded the recommended gestational weight gains37. Therefore, 
the meaning of “appropriate weight gain” in the cited work may differ from ours; most of the women we 
enrolled exhibited less weight gain than the recommended total gestational weight gain. The resultsof the 
current study showed that women who were below the ACOG recommendations of PA during pregnancy 
delivered neonates with a higher mean birth weight than did women who did not meet the ACOG recom-
mendations, although the difference was not statistically significant. On the contrary, a systematic review7 
suggested that moderate PA during pregnancy was associated with increased birth weight, but high PA was 
associated with reduced birth weight. However, these associations remained when leisure time PA alone was 
considered. Moreover, more than one-third of all studies included in the cited review were not adjusted for 
covariates known or thought to influence both PA and foetal growth7. The initial sample size of our current 
study was chosen to afford a power of 0.8 at an alpha level of 0.05. However, the loss to follow-up experienced 
at 34 weeks of gestation reduced the statistical power of our tests and rendered it difficult to draw robust 
conclusions; our data lost at least some significance. One hypothesis states that an inverse relationship exists 
between PA during pregnancy and utero-placental blood flow, ultimately leading to a reduced foetal oxygen 
and glucose supply. However, the proportion of women who engaged in vigorous PA in our study was very low, 
rending it difficult to draw robust conclusions on any association between increased PA and birth weight. In 
addition, our sample size was likely insufficient to detect the significance of such a relationship. Therefore, the 
results regarding observed association between PA and Neonatal birth weight may require further inquiry and 
verification before firm conclusion can be reached. Although no relationship between PA during pregnancy 
and pregnancy outcomes was observed in this group of women, the associations between postpartum weight 
retention and other medical/obstetric complications were not assessed. Large-scale studies are warranted to 
assess the factors influencing PA during pregnancy and the effects of PA during pregnancy on the mother and 
infant even after childbirth. The findings regarding PA during the second trimester and neonatal birth weight 
need to be confirmed in further large-scale studies.

The strengths of our study included the use of a reliable questionnaire affording reasonably accurate meas-
ures of a variety of PAs performed during pregnancy. This is the first validated questionnaire that can be 
employed to determine the lower and upper extent of PA, in terms of frequency, duration, and intensity, during 
pregnancy24. The fact that the PPAQ is brief and user-friendly renders it attractive to researchers who wish to 
examine changes in PA during pregnancy, and also to prenatal healthcare providers who wish to address PA 
in pregnant women24,38,39. Despite these strengths, our study had certain limitations. First, although we used 
a validated and reliable instrument, the reliability of our data may have been affected by recall bias and the 
cognitive burden associated with instrument self-administration. Many women were lost to follow-up; the 
PPAQ response rate was very low in the third trimester, rendering the sample size much smaller than expected. 
Also, we did not evaluate the use of medications during pregnancy, intra-uterine infection status, placental 
abnormalities, or genetic factors possibly associated with LBW. Another limitation of this study is that admin-
istration of the PPAQ once at around 22 and 34 weeks of gestation may not be a reliable measure of PA during 
the second and third trimesters.

Conclusions
More than half of women achieved the recommended PA level during the second trimester of pregnancy, whereas 
only 45.2% achieved the recommended PA level during the third trimester. Significant reductions in the time 
spent in PA and the total energy expenditure were observed as pregnancy progressed. No significant association 
between PA during pregnancy and neonatal birth weight was found.

Term Coefficient 95% CI Contribution t value P value

Constant −1190 −1775–−604 −4.03 <0.001*

Pre-pregnancy BMI −1.0 −5.9–3.8 1.39% −0.43 0.671

Gestational age 105.0 90.6–119.4 64.10% 14.45 <0.001*

Second trimester activity level (active- reference level)

Second trimester activity level (inactive) 8.9 −40.1–57.9 0.01% 0.36 0.718

Area of residence (urban-reference level)

Area of residence (sub-urban) 4.3 −66.8–75.5 0.56% 0.01 0.904

Area of residence (rural) 31.5 −39.6–102.7 0.88 0.382

Previous history of LBW (yes- reference level)

Previous history of LBW (no) 1.6 −54.9–58.2 0.01% 0.06 0.954

Parity (primiparous-reference level)

Parity (multiparous) 4.8 −42.7–52.3 0.01% 0.20 0.842

Table 5.  Regression analysis for adjusted mean birth weight (g), n = 122; R2 (adjusted) = 63.99%. *p < 0.05.

https://doi.org/10.1038/s41598-019-42473-7


7Scientific Reports |          (2019) 9:6000  | https://doi.org/10.1038/s41598-019-42473-7

www.nature.com/scientificreportswww.nature.com/scientificreports/

References
	 1.	 ACOG Committee Opinion No. 650: Physical Activity and Exercise During Pregnancy and the Postpartum Period https://www.

acog.org/Clinical-Guidance-and-Publications/Committee-Opinions/Committee-on-Obstetric-Practice/Physical-Activity-and-
Exercise-During-Pregnancy-and-the-Postpartum-Period (2015).

	 2.	 Pivarnik, J., Chambliss, H. & Clapp, J. I. Impact of physical activity during pregnancy and postpartum on chronic disease risk. Med 
Sci Sports Exerc. 38, 989–1006 (2006).

	 3.	 Berntsen, S. et al. Objectively recorded physical activity in early pregnancy: a multiethnic population-based study. Scand J Med Sci 
Sports. 24, 594–601, https://doi.org/10.1111/sms.12034 (2014).

	 4.	 Hegaard, H. K. et al. Experiences of physical activity during pregnancy in Danish nulliparous women with a physically active life 
before pregnancy. A qualitative study. BMC Pregnancy Childbirth. 10, 33, https://doi.org/10.1186/1471-2393-10-33 (2010).

	 5.	 Davies, G. A. et al. Exercise during pregnancy and the postpartum period. J Obstet Gynaecol Can. 25, 516–529 (2003).
	 6.	 Takio, M. Y. & Benício, M. H. Physical activity during pregnancy and fetal outcomes: a case-control study. Rev Saude Publica. 44, 

90–101 (2010).
	 7.	 Bisson, M., Lavoie-Guenette, J., Tremblay, A. & Marc, I. Physical activity volumes during pregnancy: A systematic review and meta-

analysis of observational studies assessing the association with infant’s birth weight. Am J Perinatol Rep. 6, e170–e197 (2016).
	 8.	 Ministry of Health Care and Nutrition. Sri Lanka Demographic and Health Survey 2006-07. Department of Census and Statistics: 

Sri Lanka (2007).
	 9.	 Zhang, Z. et al. Association of pregnancy-induced hypertension with small-for-gestational-age babies. Zhonghua Liu Xing Bing Xue 

Za Zhi. 29, 313–316 (2008).
	10.	 Al-Hinai, M. et al. Effects of pre-pregnancy body mass index and gestational weight gain on low birth weight in Omani infants: A 

case-control study. Sultan QaboosUniv Med J. 13, 386–391 (2013).
	11.	 Zhao, R., Xu, L., Wu, M. L., Huang, S. H. & Cao, X. J. Maternal pre-pregnancy body mass index, gestational weight gain influence 

birth weight. Women Birth. 31, e20–e25, https://doi.org/10.1016/j.wombi.2017.06.003 (2018).
	12.	 Godfrey, K. et al. Maternal nutrition in early and late pregnancy in relation to placental and fetal growth. BMJ. 312, 410–414 (1996).
	13.	 Ramakrishnan, U. Nutrition and low birth weight: from research to practice. Am. J. Clin. Nutr. 79, 17–21 (2004).
	14.	 Abu-Baker, N. N., Haddad, L. & Savage, C. The Influence of second-hand smoke exposure on birth outcomes in Jordan. Int. J. 

Environ. Res. Public Health. 7, 616–634, https://doi.org/10.3390/ijerph7020616 (2010).
	15.	 Bernstein, I. M. et al. Maternal smoking and its association with birth weight. Obstet Gynecol. 106, 986–991 (2005).
	16.	 Pathirathna, M. L. et al. Effects of prenatal tobacco and wood-fuel smoke exposure on birth weight in Sri Lanka. Healthcare. 5, 64, 

https://doi.org/10.3390/healthcare5040064 (2017).
	17.	 Yucra, S. et al. Maternal exposure to biomass smoke and carbon monoxide in relation to adverse pregnancy outcome in two high 

altitude cities of Peru. Environ Res. 130, 29–33, https://doi.org/10.1016/j.envres.2014.01.008 (2014).
	18.	 Siddiqui, A. R. et al. Prenatal exposure to wood fuel smoke and low birth weight. Environ Health Perspect. 116, 543–549, https://doi.

org/10.1289/ehp.10782. (2008).
	19.	 Kumar, K. J. et al. Maternal anemia in various trimesters and its effect on newborn weight and maturity: an observational study. Int 

J Prev Med. 4, 193–199 (2013).
	20.	 Yildiz, Y. et al. The relationship between third trimester maternal hemoglobin and birth weight/length; results from the tertiary 

center in Turkey. J. Matern. Fetal. Neonatal. Med. 27, 729–32, https://doi.org/10.3109/14767058.2013.837445 (2014).
	21.	 Ministry of Health. Annual Health Bulletin. Medical Statistics Unit, Ministry of Health, Nutrition and Indigenous Medicine: Sri 

Lanka (2007).
	22.	 Ministry of Finance and Planning. Sri Lanka Labour Force Survey- Annual Report. Department of Census and Statistics: Sri Lanka 

(2009).
	23.	 Pathirathna, M. L. et al. Impact of second trimester maternal dietary intake on gestational weight gain and neonatal birth weight. 

Nutrients. 9, 627 (2017).
	24.	 Chasan-Taber, L. et al. Development and validation of a pregnancy physical activity questionnaire. Med Sci sports Exer. 36, 

1750–1760 (2004).
	25.	 Ainsworth, B. E. et al. Compendium of physical activities: an update of activity codes and MET intensities. Med Sci sports Exer. 32, 

S498–S516 (2000).
	26.	 Zhang, Y. et al. Physical activity level of urban pregnant women in Tianjin, China: cross sectional study. PLOS one. 9, e109624, 

https://doi.org/10.1371/journal.pone.0109624 (2014).
	27.	 Walsh, J. M. et al. Prevalence of physical activity among healthy pregnant women in Ireland. Int J Gynaecol Obstet. 114, 154–155, 

https://doi.org/10.1016/j.ijgo.2011.02.016 (2011).
	28.	 Evenson, K. R. & Wen, F. National trends in self-reported physical activity and sedentary behaviors among pregnant women: 

NHANES 1999–2006. Prev Med. 50,, 123–128, https://doi.org/10.1016/j.ypmed.2009.12.015 (2010).
	29.	 Schmidt, M. D. et al. Physical activity patterns during pregnancy in a diverse population of women. J Womens Health (Larchmt). 15, 

909–918 (2006).
	30.	 Chandonnet, N. et al. French pregnancy physical activity questionnaire compared with an accelerometer cut point to classify 

physical activity among pregnant obese women. PLOS One. 7, e38818, https://doi.org/10.1371/journal.pone.0038818 (2012).
	31.	 Bisson, M. et al. Physical activity during pregnancy and infant’s birth weight: results from the 3D birth cohort. BMJ Open Sport Exerc 

Med. 3, e000242 (2017).
	32.	 Mahmoodi, Z. et al. Physical activity pattern and personal-social factors of mothers during pregnancy and infant birth weight based 

on MET scale: a case-control study. Iran Red Crescent Med J. 15, 573–580 (2013).
	33.	 Sternfeld, B. et al. Exercise during pregnancy and pregnancy outcome. Med Sci Sports Exerc. 27, 634–40 (1995).
	34.	 Horns, P. N. et al. Pregnancy outcomes among active and sedentary primiparous women. J Obstet Gynecol Neonatal Nurs. 25, 49–54 

(1996).
	35.	 Spinillo, A. et al. The effect of work activity in pregnancy on the risk of fetal growth retardation. ActaObstetGynecol Scand. 75, 

531–536 (1996).
	36.	 Cohen, T. R., Plourde, H. & Koski, K. G. Use of the pregnancy physical activity questionnaire (PPAQ) to identify behaviors 

associated with appropriate gestational weight gain during pregnancy. J Phys Act Health. 10, 1000–1007 (2013).
	37.	 Institute of Medicine and National Research Council. Weight Gain During Pregnancy: Re-examining the Guidelines. The National 

Acadamines Press: Washington DC (2009).
	38.	 Ota, E. et al. Reliability and validity of the Vietnames version of the pregnancy physical activity questionnaire (PPAQ). Southeast 

Asian J Trop Med Public Health. 39, 562–570 (2008).
	39.	 Matsuzazaki, M. et al. Translation and cross-cultural adaptation of the pregnancy physical activity questionnaire (PPAQ) to 

Japanese. Biosci Trends. 4, 170–177 (2010).
	40.	 WHO: Global database on Body Mass Index http://www.assessmentpsychology.com/icbmi.htm (2006).

Acknowledgements
We thank Angela Morben, DVM, ELS, from Edanz Group (www.edanzediting.com/ac) for editing a draft of this 
manuscript.

https://doi.org/10.1038/s41598-019-42473-7
https://www.acog.org/Clinical-Guidance-and-Publications/Committee-Opinions/Committee-on-Obstetric-Practice/Physical-Activity-and-Exercise-During-Pregnancy-and-the-Postpartum-Period
https://www.acog.org/Clinical-Guidance-and-Publications/Committee-Opinions/Committee-on-Obstetric-Practice/Physical-Activity-and-Exercise-During-Pregnancy-and-the-Postpartum-Period
https://www.acog.org/Clinical-Guidance-and-Publications/Committee-Opinions/Committee-on-Obstetric-Practice/Physical-Activity-and-Exercise-During-Pregnancy-and-the-Postpartum-Period
https://doi.org/10.1111/sms.12034
https://doi.org/10.1186/1471-2393-10-33
https://doi.org/10.1016/j.wombi.2017.06.003
https://doi.org/10.3390/ijerph7020616
https://doi.org/10.3390/healthcare5040064
https://doi.org/10.1016/j.envres.2014.01.008
https://doi.org/10.1289/ehp.10782.
https://doi.org/10.1289/ehp.10782.
https://doi.org/10.3109/14767058.2013.837445
https://doi.org/10.1371/journal.pone.0109624
https://doi.org/10.1016/j.ijgo.2011.02.016
https://doi.org/10.1016/j.ypmed.2009.12.015
https://doi.org/10.1371/journal.pone.0038818
http://www.assessmentpsychology.com/icbmi.htm
http://www.edanzediting.com/ac


8Scientific Reports |          (2019) 9:6000  | https://doi.org/10.1038/s41598-019-42473-7

www.nature.com/scientificreportswww.nature.com/scientificreports/

Author Contributions
M.L.P., K.S., M.S., N.F., and K.M.S.W. conceptualised the study design. M.L.P. collected the data used in this study. 
M.L.P. analysed and wrote the main manuscript text. K.S., M.S., N.F., K.M.S.W. and Y.M. critically reviewed and 
supervised the study. All authors reviewed the manuscript.

Additional Information
Competing Interests: The authors declare no competing interests.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-42473-7
http://creativecommons.org/licenses/by/4.0/

	Effects of Physical Activity During Pregnancy on Neonatal Birth Weight

	Methods

	Design, setting, and participants. 
	Ethical considerations. 
	Procedure. 
	Calculation of total energy expenditure. 
	Statistical analysis. 

	Results

	Participants’ characteristics. 
	Comparison of PA level during pregnancy between the second and third trimesters. 
	Level of PA in relation to changing pattern of PA. 
	Changing pattern of PA during pregnancy and pregnancy outcomes. 
	Effects of PA level during pregnancy on neonatal birth weight. 

	Discussion

	Conclusions

	Acknowledgements

	Table 1 Participants’ characteristics based on level of moderate physical activity.
	Table 2 Comparison of physical activity levels in second and third trimesters (n = 62).
	Table 3 Physical activity levels in relation to changing patterns of physical activity during pregnancy (n = 62).
	Table 4 Pregnancy outcomes in relation to physical activity during pregnancy.
	Table 5 Regression analysis for adjusted mean birth weight (g), n = 122 R2 (adjusted) = 63.




