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ABSTRACT 

Background: Body Mass Index (BMI) and total gestational weight gain contribute to poor pregnancy outcomes. 
Objective: The present study was carried out as an attempt to evaluate the association between first trimester BMI 
and weight gain during pregnancy with pregnancy outcomes. Material and methods: The present study was carried 
out as a prospective observational study on 540 pregnant mothers attending antenatal clinics during the period of 
January 2016 to June 2017. The participants were classified into normal (BMI: 18.5-22.99), underweight (BMI 
<18.5), overweight (BMI: 22.99-24.99) and obese (BMI>24.99) and followed till delivery for maternal and perinatal 
outcomes. Results: Majority of the study participants were in the age group of 19-25 years (64.1%) and the mean age 
of the study participants was observed to be 24.31±3.4 years. Majority of the study participants were in the normal 
BMI group (53.3%), followed by underweight who represented 20.2% of the study population. Higher proportion of 
obese women were found to have hypertensive disorders in pregnancy (46.3%), pre-eclapmsia (4.5%), gestational 
diabetes mellitus (23.9%), caesarean/ instrumental delivery (34.3%/1.5%), induced labour (53.7%) and augmented 
labour (47.8%) as compared to those who are in normal weight range. Conclusion: Women with first trimester BMI 
in underweight range were at a higher risk of having anaemia in pregnancy, preterm delivery and low birth weight 
babies. Antenatal mothers with 1st trimester BMI in overweight and obese category were at a higher risk of developing 
hypertensive disorders in pregnancy, GDM, operative and assisted delivery. 

Keywords: First trimester BMI, gestational weight gain, pregnancy outcome. 

Globally it is an accepted fact that obesity is a growing 
concern as a serious public health problem in developed and 
developing world. Estimated prevalence of overweight adults 
stood at 38.9 % globally 1. Although the prevalence of 
overweight in India is comparatively less (19.7%, 17.8% in 
males and 21.6% in females), an increasing trend can be 
noticed over the past decade 1, 2. Maternal weight gain in 
pregnancy can offer a good means of assessing the wellbeing 
of the pregnant mother and, by inference of her baby 3. In 
earlier researches the relationships between maternal height 
and weight with pregnancy complications were extensively 
studied, but in recent times, Body Mass Index (BMI) is 

widely accepted as a better measure of over or     
underweight 4. Gaining weight according to these recom-
mendations has been associated with optimal pregnancy, 
labour, and delivery outcomes, as well as optimal maternal 
and infant health and weight outcomes. However, a 
significant proportion of women do not gain weight within 
these guidelines 5. Also various interventions that attempted 
to promote healthy gestational weight gain (GWG) have had 
limited success 6.  

While obesity prior to pregnancy and operative delivery 
are correlated, extant evidence suggests that inadequate 
gestational weight gain is a risk factor for low birth weight, 
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intrauterine growth restriction, preterm birth, and perinatal 
mortality 7. Although inadequate gestational weight gain has 
been linked to leading causes of infant mortality, such as 
preterm birth and fetal growth restriction, there is reason to 
believe that inadequate gestational weight gain may be 
associated with infant mortality independent of these factors. 
The potential mediating factors and biological mechanisms 
are still speculative, but an elevated risk of infant mortality 
may, indeed be part of a continuum emanating from stillbirth 
and perinatal mortality 8.  Excessive gestational weight gain, 
at the same time, apart from contributing to postpartum 
weight retention and risks of future obesity, may also 
contribute to poor pregnancy outcomes. Also, it is associated 
with increased risk of caesarean section delivery, 
haemorrhages, and hypertensive syndromes in pregnancy, 
fetal macrosomia and post-partum weight retention7, 9. The 
present study was carried out as an attempt to evaluate the 
association between first trimester BMI and weight gain 
during pregnancy with pregnancy outcomes. 
Materials and methods 

A prospective observational study during the period of 
January 2016 to June 2017 was carried out in Rajiv Gandhi 
Government Women and Children Hospital, Puducherry. 
The minimum required sample size was calculated to be 540. 
The sample size was estimated by using the OpenEpi, 
Version 3. To calculate the sample size, incidence of 
gestational hypertension (GHT) and pre-eclampsia/eclampsia 
among study subjects is taken as 28.4% and 18% 
respectively as per the study conducted by Dasgupta A et al10 
in his study.  

Inclusion criteria: Primigravida with singleton 
pregnancies, in first trimester of pregnancy, willing to 
participate in study, between 19-35 years of age and 
delivering in the study hospital were included in the study.  

Exclusion criteria: Women with known medical disorders 
such as diabetes mellitus, chronic hypertension, cardiac or 
endocrine disorders and surgical conditions and women with 
unknown maternal weight in first trimester were excluded. 
BMI is calculated by dividing Person’s weight in kilograms 
by the square of their height in meters (kg/m2). Classification 
of BMI (kg/m2) for Indians population: underweight <18.5; 
normal range 18.5-22.99, overweight 23.0-24.99 and obese 
>25.0. 

A complete history and examination was done for all the 
study participants. Routine investigations (CBC, blood 
grouping, FBS, PPBS, VDRL, HIV, urine routine and 
microscopy) were carried out. At 24-28 weeks of gestation 

GCT/GTT was done. All the participants were followed up 
every 4 weeks upto 28 weeks, every 2 weeks upto 36 weeks 
and weekly thereafter. Patient who developed any 
complications were followed up according to hospital 
protocol. The weight was recorded at every visit and total 
weight gain during pregnancy noted. 

Maternal outcome variables included were gestational 
diabetes, pregnancy induced hypertension (PIH), anemia, 
intra uterine growth restriction (IUGR), preterm delivery, 
post-term delivery and post partum haemorrhage (PPH); 
mode of delivery - normal delivery, elective or emergency 
caesarean section; labour - spontaneous or induced labour. 
Neonatal outcomes included were birth weight, observation 
and admission to Neonatal Intensive care unit (NICU).  

Institute ethical committee clearance certification was 
sought and obtained before the study was begun. Informed 
written consent was obtained from all the study participants 
before including them in the study after explaining the 
implication of the study.  

The data were collected and entered in to MS Excel 
2013, coding, recoding, refining and cleaning of data were 
done subsequently. Data analysis was done using SPSS 
version 21.0. Descriptive statistics was done and explained 
by frequencies, mean, standard deviation and range for 
numeric variables and by proportions and percentages for 
categorical variables. Chi square test was applied to test for 
statistically significant difference in proportions. Correlation 
between two continuous variables were assessed using 
Pearson correlation coefficient. A p values <0.05 was 
considered statistically significant. 
Results 

Table 1: Distribution of study participants based on demographic 
characteristics (n=540) 
Parameters  Frequency Percent 
Age (in years) 
19-25 346 64.1 
26-30 170 31.5 
31-35 24 4.4 
Socio-economic class 
II 8 1.5 
III 254 47.0 
IV 268 49.6 
V 10 1.9 
1st trimester BMI classification 
Normal 288 53.3 
Underweight 109 20.2 
Overweight 76 14.1 
Obese 67 12.4 
Weight gain during pregnancy 
Normal 170 31.5 
Excessive 82 15.2 
Poor 288 53.3 
Total 540 100.0 
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Table 2: Association between 1st trimester BMI and certain selected characteristics (N=540) 

Parameters  
1st trimester BMI 

Total 
N (%) 

P  
value Normal 

N (%) 
Under weight 
N (%) 

Over weight 
N (%) 

Obese 
N (%) 

Age (in years) 
19-25 179(62.2) 77(70.6) 48(63.2) 42(62.7) 346(64.1) 

0.686 26-30 95(33.0) 30(27.5) 24(31.6) 21(31.3) 170(31.5) 
31-35 14(4.9) 2(1.8) 4(5.3) 4(6.0) 24(4.4) 
Anaemia 97(33.7) 56(51.4) 27(35.5) 23(34.3) 203(37.6) 0.011 
Hypertensive disorder in pregnancy 20(6.9) 12(11.0) 18(23.7) 31(46.3) 81(15.0) <0.001 
Pre-Eclampsia 2(0.7) 1(0.9) 3(3.9) 3(4.5) 9(1.7) 0.053 
GDM 35(12.2) 7(6.4) 20(26.3) 16(23.9) 78(14.4) <0.001 
IUGR 12(4.2) 19(17.4) 2(2.6) 3(4.5) 36(6.7) <0.001 
Gestational age at delivery 
Term 230(79.9) 78(71.6) 59(77.6) 58(86.6) 425(78.7) 

0.025 Preterm 13(4.5) 15(13.8) 4(5.3) 3(4.5) 35(6.5) 
Post-dated 45(15.6) 16(14.7) 13(17.1) 6(9.0) 80(14.8) 
Mode of delivery 
NVD 177(61.5) 92(84.4) 48(63.2) 43(64.2) 360(66.7) 

0.001 Caesarean 109(37.8) 17(15.6) 26(34.2) 23(34.3) 175(32.4) 
Instrumental 0(0.7) 0(0.0) 2(2.6) 1(1.5) 5(0.9) 
Spontaneous onset of labour 160(55.6) 68(62.4) 31(40.8) 27(40.3) 286(53.0) 0.004 
Induced labour 104(36.1) 38(34.9) 36(47.4) 36(53.7) 214(39.6) 0.019 
Augmented labour 107(37.2) 43(39.4) 34(44.7) 32(47.8) 216(40.0) 0.337 
Birth weight 
Normal 254(88.2) 78(71.6) 70(92.1) 61(91.0) 463(85.7) 

<0.001 
Severe LBW 3(1.0) 8(7.3) 1(1.3) 2(3.0) 14(2.6) 
LBW 31(10.8) 23(21.1) 5(6.6) 3(4.5) 62(11.5) 
Overweight/ large baby 0(0.0) 0(0.0) 0(0.0) 1(1.5) 1(0.2) 
NICU observation of neonate 65(22.6) 33(30.3) 26(34.2) 28(41.8) 152(28.1) 0.007 
ICU admission of neonate 40(13.9) 19(17.4) 17(22.4) 11(16.4) 87(16.1) 0.334 
GDM – gestational diabetes mellitus, IUGR – Intrauterine growth restriction, NVD – Normal vaginal delivery, LBW – Low birth weight, NICU – Neonatal 
intensive care unit, ICU – Intensive care unit 

Table 3: Association between weight gain in pregnancy and certain selected characteristics (N=540) 

Parameters  
Weight gain in pregnancy Total 

N(%) 
P  
value Normal N(%) Excessive N(%) Poor N(%) 

Age (in years) 
19-25 111(32.1) 50(29.4) 9(37.5) 346(64.1) 

0.785 26-30 51(14.7) 29(17.1) 2(8.3) 170(31.5) 
31-35 184(53.2) 91(53.5) 13(54.2) 24(4.4) 
Anaemia 61(35.9) 32(39.0) 110(38.2) 203(37.6) 0.849 
Hypertensive disorder in pregnancy 22(12.9) 40(48.8) 19(6.6) 81(15.0) <0.001 
Pre-Eclampsia 3(1.8) 2(2.4) 4(1.4) 9(1.7) 0.801 
GDM 28(16.5) 11(13.4) 39(13.5) 78(14.4) 0.662 
IUGR 13(7.6) 1(1.2) 22(7.6) 36(6.7) 0.100 
Gestational age at delivery 
Term 135(79.4) 64(78.0) 226(78.5) 425(78.7) 

0.350 Preterm 7(4.1) 4(4.9) 24(8.3) 35(6.5) 
Post-dated 28(16.5) 14(17.1) 38(13.2) 80(14.8) 
Mode of delivery 
NVD 117(68.8) 50(61.0) 193(67.0) 360(66.7) 

0.776 Caesarean 52(30.6) 31(37.8) 92(31.9) 175(32.4) 
Instrumental 1(0.6) 1(1.2) 3(1.0) 5(0.9) 
Spontaneous onset of labour 84(49.4) 34(41.5) 168(58.3) 286(53.0) 0.014 
Induced labour 72(42.4) 40(48.8) 102(35.4) 214(39.6) 0.063 
Augmented labour 74(43.5) 41(50.0) 101(35.1) 216(40.0) 0.027 
Birth weight 
Normal 148(87.1) 78(95.1) 237(82.3) 463(85.7) 

.0129 
Severe LBW 3(1.8) 1(1.2) 10(3.5) 14(2.6) 
LBW 19(11.2) 3(3.7) 40(13.9) 62(11.5) 
Oberweight/ large baby 0(0.0) 0(0.0) 1(0.3) 1(0.2) 
NICU observation of neonate 53(31.2) 30(36.6) 69(24.0) 152(28.1) 0.046 
NICU admission of neonate 27(15.9) 6(7.3) 54(18.8) 87(16.1) 0.045 
GDM – gestational diabetes mellitus, IUGR – Intrauterine growth restriction, NVD – Normal vaginal delivery, LBW – Low birth weight, NICU – 
Neonatal intensive care unit. 
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     Majority of the study participants were in the age group 
of 19-25 years (64.1%) and the mean age of the study 
participants was observed to be 24.31±3.4 years. Majority of 
the study participants were in the normal BMI group 
(53.3%), followed by underweight who represented 20.2% of 
the study population. Nearly 14.1% of the study participants 
were overweight and 12.4% were obese (table 1). 

Higher proportion of overweight and obese women were 
found to have hypertensive disorders in pregnancy, pre-
eclampsia, GDM, caesarean/ instrumental delivery, induced 
labour and augmented labour as compared to those who are 
in normal weight range (table 2). 

Higher proportion of women who had excessive weight 
gain in pregnancy were also found to have hypertensive 
disorders in pregnancy as compared to those who are in 
normal weight gain range. No significant association was 
observed between weight gain in pregnancy and other 
demographic variables (table 3). 

Higher proportion of obese woman had either poor 
weight gain during pregnancy. Also, this association was 
found to be statistically significant (p value<0.001) (table 4). 

 

Figure 1: Correlation of first trimester BMI 

A significant negative correlation was observed between 
BMI and weight gain during pregnancy (r = -0.15, p value 
<0.001), however the strength of this correlation as mild.  A 
significant positive correlation was noted between BMI and 
birth weight (r = 0.171, p value <0.001), thought the strength 
of this correlation was mild (figure 1). 
Discussion 

Obesity is an emerging serious public health problem in 
the developed and developing countries. BMI and total 
gestational weight gain contribute to poor pregnancy 
outcomes. Higher proportion of underweight women were 
found to have anemia (51.4%), pre-term delivery(13.8%), 
IUGR babies (17.4%), LBW babies (21.1%) than normal 
BMI. Higher proportion of overweight and obese women 
were found to have hypertensive disorders in pregnancy 
(46.3%), pre-eclapmsia (4.5%), GDM (26.3%), caesarean 
and instrumental (2.6%) delivery, induction of labour 
(53.7%) as compared to those with normal BMI, in the 
present study. 

There were no significant association observed between 
age and 1st trimester BMI among the study participants (p 

value – 0.686). Larger proportion of 
underweight women were found to 
have anemia significantly as compared 
to those who are in normal weight 
range and overweight/obese (p value -
0.011). Similar results were observed 
by  Sahu  MT  et al11  who reported that  

Table 4: Association between 1st trimester BMI and weight gain during pregnancy (N = 540) 
1st trimester  
BMI 

Weight gain during pregnancy Total 
N (%) 

P 
value Normal  N (%) Excessive N (%) Poor N (%) 

Normal 85(29.5) 36(12.5) 167(58.0) 288(100.0) 

<0.001 
Underweight 36(33.0) 9(8.3) 64(58.7) 109(100.0) 
Overweight 24(31.6) 12(15.8) 40(52.6) 76(100.0) 
Obese 25(37.3) 25(37.3) 17(25.4) 67(100.0) 
Total 170(31.5) 82(15.2) 288(53.3) 540(100.0)  

  

A. Correlation between 1st trimester BMI and weight gain during 
pregnancy 

B. Correlation between 1st trimester BMI and birthweight 

y = 0.0194x + 2.4901
R² = 0.0293

Pearson correlation coefficient = -0.15
p value <0.001
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anemia (p = 0.02) was significantly high among lean women. 
Similarly, Ahmand N et al12 found that women with lower 
BMIs had the highest prevalence of any degree of anaemia. 

Significantly higher proportion of overweight and obese 
women were found to have GDM as compared to those who 
are in normal weight range (p value <0.001) in the present 
study. Vaswani PR et al13 noted that morbidly obese women 
were almost four times more likely to develop gestational 
diabetes (OR 3.75; 95% CI: 1.83–7.69, p = 0.001). Our 
present study showed that higher proportion of underweight 
women were found to have preterm delivery and overweight 
mothers had post-dated delivery (p value 0.025). Verma A et 
al14 observed the proportion of preterm birth was high among 
underweight and overweight/obese women as compared to 
those in normal BMI range, however the association was not 
significant. They also observed that IUGR babies were more 
prevalent (17.2%) among the mothers whose initial BMI was 
in underweight range, as compared to those who are in 
normal weight range. However, Dasgupta A et al10 in their 
study found that higher proportion of obese women with 
BMI > 35 kg/m2having higher rates of IUGR babies.  

Our present study showed that significantly higher 
proportion of overweight and obese women were found to 
have induction of labour (p value - 0.019), caesarean and 
instrumental delivery (p value - 0.001), as compared to those 
with normal BMI. Similar association was observed in 
Poobalan AS et al,15 systematic review and meta-analysis 
compared with women having normal BMI (20–25 kg), the 
crude pooled odds ratios for caesarean section in overweight 
(BMI 25–30), obese (BMI 30–35) and morbidly obese (BMI 
> 35) women were 1.53 (95% CI: 1.48-1.58), 2.26 (95% CI: 
2.04-2.51) and 3.38 (95% CI: 2.49-4.57) respectively. Higher 
proportion of underweight women were found to have LBW 
babies (p value <0.001). However on performing a 
correlation analysis it was found that a significant positive 
correlation was observed between 1st trimester BMI and 
birthweight of the baby (Pearson correlation coefficient – 
0.171, p value <0.001). Sahu MT et al11 also observed a 
similar finding in their study in which it was reported that 
low birthweight (p = 0.008) was significantly high among 
lean women. Bhavadharini B et al16 stated in their report that 
overweight and obese women who gained more weight 
during pregnancy were at high risk of delivering macrosomic 
infants (overweight - OR: 2.3, p =0.02 and obese - OR: 1.6, p 
= 0.01). These findings were comparable to that of the 
present study findings. 

Verma A et al14 study also demonstrated a similar 
association, in which SGA babies were more frequently seen 

among women in underweight BMI group and LGA babies 
were seen among women in overweight or obese BMI range 
and found statistically significant (p value <0.001). Usha 
Kiran TS et al17 in their study reported that pregnant women 
with obesity had an increased risk of induction of labour, 
(OR - 1.6; 95% CI: 1.3–1.9); caesarean section (OR - 1.6; 
95% CI: 1.4–2) and increased neonatal admissions after 
delivery. Our study results also depicted the same findings. 
Our present study demonstrated that most of the study 
participants had poor weight gain during pregnancy (53.3%) 
and 31.5% of them had normal weight gain for their BMI 
based on IOM classification. Radhakrishnan et al18 in their 
study reported that 37.4% had inadequate weight gain during 
pregnancy than the recommended weight gain and 21.41% 
pregnant women gained more than the recommended weight. 

In the present study, women with excessive weight gain 
in pregnancy were found to have hypertensive disorders in 
pregnancy (p value <0.001), undergone augmentation of 
labour (p value 0.027) and required NICU observations of 
newborn (p value 0.046) as compared to those in normal 
range. And larger number of babies born to women with 
poor weight gain required NICU admission as compared to 
those in normal and excessive weight gain range (p value 
0.045). Radhakrishnan et al18 study also reported that 
preterm deliveries were associated with poor weight gain in 
pregnancy and it was not associated with neonatal outcomes 
among their sample population. Bhavadharani et al16 also 
reported that women who gained more weight were also at 
high risk of preterm labor (OR: 2.1, p = 0.01), cesarean 
section (OR: 1.9, p < 0.001), and preeclampsia (OR: 2.8, p = 
0.03). Gestational weight gain below IOM guidelines was 
associated with decreased odds of neonatal intensive care 
unit admission (OR-0.66; 95% CI: 0.46–0.96) and increased 
odds of small for gestational age (OR-1.66; 95% CI: 1.44–
1.92) as reported by Stotland NE et al.19 Albers LL et al20 
observed that birth weight of an infant increased as body 
mass index category increased. Agarwal D et al21 

demonstrated the correlation coefficients for birth weight 
with weight gain during pregnancy were 0.366 and 0.289 
among two different groups receiving Integrated Child 
Development Services (ICDS) and not receiving ICDS 
services in their study. A similar observation was noted in 
the current study also. Some of the strengths of the present 
are that it is one of a kind where 1st trimester BMI and 
gestational weight gain are evaluated together and the study 
involved a significantly larger sample size which increased 
the power of the study. Some of the possible limitations of 
the study are that the pregnancy outcome variables included 
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in the study were not extensive however most of the 
outcomes were studied considering the feasibility and 
weight/BMI are crude measures which does not differentiate 
lean mass, muscle mass, fat mass and fluid collection. 
Conclusion 

The 1st trimester BMI distribution of the study 
participants resembled that of the general population in the 
region. More than half of the study participants were having 
poor gestational weight gain according to IOM criteria. 
Women with first trimester BMI in underweight range were 
at a higher risk of having anaemia in pregnancy, preterm 
delivery and LBW babies. Antenatal mothers with 1st 
trimester BMI in overweight and obese category were at a 
higher risk of developing hypertensive disorders in 
pregnancy, GDM, operational and assisted delivery.  
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