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ABSTRACT

Inadequate/excessive gestational weight gain (GWG) can cause adverse pregnancy outcomes
and only few studies have described patterns of weight gain in Indian women. Also, studies
pertaining to dietary intake throughout gestation are insufficient. This prospective cohort
study was conducted to evaluate GWG and nutrient intake in all trimesters of pregnancy
and investigate the relationship between themselves along with that of birth weight (BW).
Our study was carried out in a population-based prospective birth cohort in Odisha, India.
The 418 pregnant women were followed till delivery with measurements of maternal weight,
weight gain throughout gestation, and BW. Macronutrients were assessed based on a 24-
hour dietary recall method in each trimester. Women characterized by under-weight pre-
pregnancy body mass index (BMI) were 16.20%, and a total of 6.45% did not comply with
current weight gain recommendations. Particularly, overweight and obese women gained
more weight than recommended. In a multivariate analysis GWG correlated significantly
with BMI (p = 0.03), total calorie intake (p < 0.001) and fat intake (p < 0.001), while BW of
newborns correlated significantly with adequacy of weight gain and fat intake (p < 0.001).
Though measures are taken by health workers to record the weight but nutritional counseling
is not being provided regularly. A high priority should be given to increase awareness among
general population regarding the importance of diet in pregnancy and how to adhere to the
balanced diet for optimal growth of child.

Keywords: Pregnancy; Gestational weight gain; Diet; Nutrition; Birth weight

INTRODUCTION

Monitoring mother's weight, height and gestational weight gain (GWG) has been a
component of prenatal care for decades [1]. Inadequate/excessive GWG can cause adverse
pregnancy outcomes but, only very few studies have been identified that described patterns
of weight gain in Indian women [2]. According to United States Institute of Medicine (US-
IOM) guidelines, recommended GWG for various groups of pregnant women is different as
per body mass index (BMI) classes: 12.5-18 kg for underweight women (< 18.5 kg/m?), 11.5-16
kg for normal weight women (18.5-24.9 kg/m?), 7-11.5 kg for overweight women (25-29.9 kg/
m?) and 5-9 kg for obese women (> 30 kg/m?) [3].
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Women who are underweight/undernourished at the beginning of the pregnancy are
unlikely to improve their nutritional status during pregnancy, and have higher occasions of
underweight/still-births/mentally retarded/preterm deliveries [4-8]. In developing countries,
the risks for malnourished newborns are even higher due to other existing issues like poor
diet, frequent reproductive cycles, socio-economic constraints, etc. [9].

Despite high prevalence of low birth weight (LBW) (22.0%) in India as per National
Family health Survey (NFHS)-3, the method to predict the same during pregnancy has
always remained a debatable issue [10]. For provision of routine maternal health services,
assessment of pregnant woman's health status is done by health workers mainly on the
basis of BMI, GWG and Mid Upper Arm Circumference [11,12]. However questions have
been raised regarding the validity of using only anthropometric indicators in predicting
malnourishment among newborns with no consideration to dietary assessment [13].

GWG and birth weight (BW) of newborns is influenced by adherence to a balanced diet in
pregnancy [14]. As suggested by National Institute of Nutrition (NIN), India, the energy
demand in pregnancy increases by 350 kcal along with increased demand of macronutrients
and micronutrients [15]. However, studies pertaining to dietary intake throughout gestation
in Indian women are insufficient and those available were mostly cross-sectional in nature
[16]. Owing to the fact that dietary behaviour has many implications on mother and child's
weight, this prospective cohort study was conducted to evaluate GWG and nutrient intake in
all trimesters of pregnancy and investigate the relationship between themselves along with
that of BW.

Design and recruitment

From July 2017 to June 2019, a prospective cohort study was conducted in Tangi Block,
Khordha district of Odisha, India consisting of 440 pregnant women as study participants
who were recruited in the 1st trimester and were followed up till the delivery of the baby. The
study was conducted in all the 6 sectors under the block namely Tangi, Bhusandapur, Kuhudi,
Badapokharia, Olasingh and Nirakarpur.

At 4 time points (once per trimester: O to 12 weeks; 13 to 26 weeks; 27 to 36 weeks and at
delivery), the participants were visited for a detailed socio-demographic history (such as
age, education, socio-economic status, occupation), morbidity profile, hemoglobin status,
anthropometric measurements, nutrient intake and BW measurement within 2 days of
delivery of newborn. The newborns were weighed and the value was cross-checked in the
Mother and Child Protection card.

Data collection

Assessment of anthropometric data

The maternal weight and height—Ilight clothing, no shoes—were measured using digital
weighing scales and stadiometer to the nearest 0.1 kg and 0.1 cm respectively in each
visit. The BMI was calculated as weight (kg)/height (m)*. GWG was compared with the
recommendation of the US-IOM.

https://doi.org/10.7762/cnr.2020.9.3.213 214


https://e-cnr.org

cnr”

Effect of Nutrition & Weight Gain on Birth Weight CLINICAL NUTRITION RESEARCH

https://e-cnr.org

Assessment of nutrient intake

Information regarding nutrition was obtained by using a 24-hour dietary recall method in
each trimester, i.e., for 3 visits. The amount of intake of each food was assessed by the Indian
Food Composition Tables and analyzed in the Nutrify India Now application developed by
NIN, India [17,18]. Recommendations for dietary intake of energy and macronutrients—
carbohydrates, proteins and fat (visible and invisible)—during pregnancy were based on the
Recommended Dietary Allowances (RDAs) for Indians suggested by NIN, India [15].

Statistical analysis

Continuous variables are presented as means (+ standard deviations) while the categorical
variables are shown as rates. Comparison between groups are performed using analysis of
variance. The mean nutritional values (in all trimesters) are derived by patient-individual
averaging. Associations of GWG and maternal factors were analyzed using multivariate linear
regression models adjusted for other factors (p < 0.20) that may influence birth outcome.
Using similar tests, associations of BW with adequacy of weight gain and other maternal
factors were analyzed. Not normally distributed parameters were log-transformed and all the
analysis are with 2-sided o = 0.05. All of the calculations were performed using SPSS software
version 21 (IBM Corporation, Armonk, NY, USA).

Ethical approval

This study was approved for conduct by the Institute Ethics Committee, All India Institute
of Medical Sciences (AIIMS) Bhubaneswar having number IEC/AIIMS BBSR/201718/7 and
written informed consent was obtained from all the study participants.

A total of 418 pregnant women could be followed up till delivery of the child out of the 440
recruited initially with 5 having spontaneous abortion, 3 still-births and 14 being lost to
follow-up. Table 1 highlights the characteristics between the 2 groups, in which no significant
difference was found.

The study population mainly consisted of pregnant women between 20-25 years of age
(59.1%) and 9.31% of them had teenage pregnancy. Almost all of them were home-makers

in spite of 73.4% having an educational qualification of higher secondary and above. Most

of them (70.57%) belonged to lower middle class family (Udai-Pareek scale) and nearly
79.31% of the pregnancies were unplanned of which 47% were primigravid. More than half
were multigravid women (54.06%) of which 40.31% had their pregnancy within 1-2 years of
last childbirth. The mean hemoglobin % was found to be 9.98. Only 4.11% reported thyroid
disorders, however otherwise the morbidity profile of the study participants was insignificant.

The mean pregnancy week at which the study participants were recruited was 10.43 + 1.47 wk.
All of them were followed-up till delivery at mean pregnancy weeks of 23.30 + 2.58 wk, 33.6 +

1.90 wk and 38.22 +1.52 wk. There was no significant difference in terms of pregnancy weeks
among the subgroups (based on BMI) during each of the follow-up visits.

Gestational weight gain

In the present study, 62.67% of the participants had a normal weight at time of recruitment, with
16.02% being underweight and 2.87% being obese. As outlined in Table 2, the mean weight was
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Table 1. Comparison of baseline characteristics of study participants with respect to those lost to follow-up

Characteristics Participants (n = 418) Lost to follow-up (n = 22) p value
Maternal age (yr) 24.53 +3.76 23.98 + 3.47 112
Maternal weight (kg) 50.56 + 9.01 51.01+8.34 0.62
Maternal height (cm) 151.50 + 4.95 150.23 + 2.56 1.23
Maternal BMI (kg/m?) 921.89 + 3.97 921.78 +2.98 1.43
Maternal MUAC (cm) 25.83 +£2.76 25.76 +1.98 0.82
Age at menarche (yr) 11.56 + 0.62 11.23 £1.23 0.19
Schooling (yr) 8.62 +2.54 8.91+1.23 0.32
Hemoglobin (g/dL) 9.98 +1.43 10.01+1.32 0.76
Occupation (%) 0.67

Homemaker 99.28 100.00

Self employed 0.71 0.00
Socio-economic status™(%) 0.n

Lower middle 70.57 90.91

Middle 28.70 9.09

Upper middle 0.71 0.00
Gravid status (%) 0.13

1 47.36 68.18

2 43.30 22.72

>3 10.76 9.09

Values are presented as mean + standard deviation or percentage. The t-test has been used as the test of
significance for the continuous variables. Fischer exact statistics has been applied to determine significant
difference between mothers who were followed up and those lost to follow-up.

BMI, body mass index; MUAC, Mid Upper Arm Circumference.

*Udai-Pareek scale.

50.97 kg and there was a significant difference in the mean weights between the subgroups of
pregnant women. The mean weight gains varied among the subgroups significantly across all
trimesters of pregnancy. GWG was found to be highest among underweight pregnant women
(12.93 kg) and least was observed among the obese group (8.35 kg).

As per US-IOM guidelines for GWG, it was found that in all the subgroups, mostly an
adequate weight gain was observed (Figure 1).

Nutrient intake

As shown in Table 3, during gestation the average daily energy intake in our study population

decreased from 1st trimester to 2nd and last trimester (p = 0.002 for decrease between 1st
and last trimester). The mean carbohydrate intake also decreased from 239.32 g in the 1st

trimester to 200.54 g in the 2nd trimester to 193.12 g in the last trimester non-significantly (p
=0.262). Protein intake decreased significantly from 1st trimester to 2nd (p = 0.037) and the

3rd trimester (p < 0.001 for decrease between 1st and 3rd trimester). With regard to the fat

consumption daily intake decreased significantly over the trimesters (p = 0.002 for decrease

between 1st and 3rd trimester).

Table 2. Distribution of study participants based on follow-up visit and weight gain

Maternal parameters

Total (n = 418) Under-weight (n = 67)  Normal weight (n = 262) Overweight (n = 77) Obese (n =12) p value

Weight (at recruitment; kg)

WG (kg)
1st-2nd trimester

2nd-3rd trimester
3rd trimester-delivery

GWG (kg)

4.27 = 0.75

41.74 £ 3.41 48.45 +4.14 63.49 = 5.03 77.00 £5.29 <0.001"

5.65 = 0.76 5.77 £ 0.44 4.16 £ 0.68 3.21+0.73 <0.001"

4.64 £ 0.40 4.50 £ 0.45 3.31+0.89 3.28 + 0.63 <0.001"

3.87 £1.35 3.42 £1.24 2.47 £1.01 1.85 + 0.59 <0.001"

12.93 +2.29 1417 +1.45 13.70 +1.48 9.95+1.85 8.35 +1.47 <0.001"

The test of significance used to determine statistical difference among the groups was analysis of variance.
WG, weight gain; GWG, gestational weight gain.

*p < 0.05.
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Figure 1. Distribution of weight gain pattern over different body mass index groups as per Institute of Medicine
guidelines (in %) (n = 418).

Table 3. Mean nutrient intake (per day) of women in various trimesters

Nutrient intake RDA 1st trimester 2nd trimester 3rd trimester
Total calorie intake (kcal) 2,250 1,987.23 + 512.34 1,700.98 + 489.58 1,620.42 + 300.92
Carbohydrate (g) 335 239.32 + 65.12 200.54 + 63.43 193.12 + 60.48
Protein (g) 85 76.12 +14.45 68.45 +12.76 64.23 +16.75
Fat (g) 63 77.23 +20.12 68.78 +£18.98 62.78 £19.32

RDA, Recommended Dietary Allowance [15].

When categories of energy intake were taken into account instead of mean values, 28.23% of
the pregnant women reported a protein intake below the recommended allowance. Within
the study population, 75.64% of the pregnant women reported a fat intake above the RDA. As
to carbohydrate intake, 86.23% of the women were below the recommendation (Table 3).

Multivariate regression

Association between maternal factors with GWG

As presented in Table 4, each kcal of energy was significantly responsible for about 32 g of
GWG while each gram of fat intake was associated with an increase of 270 g in GWG (p < 0.01).
Also, maternal BMI at recruitment was found to have a significant correlation with GWG.

Table 4. Multivariate regression analysis between maternal factors and GWG and birth weight of newborn

*

Outcome variables Parameters B SEM t p value

GWG (kg) Weight (kg) -0.10 0.37 -0.29 0.772
BMI -0.87 on -2.14 0.0311
Hemoglobin -0.34 0.52 -0.71 0.486
Calorie intake (kcal) 0.032 0.01 5.60 <0.001"
Fat (g) 0.27 0.07 3.37 <0.001"

Birth weight (g) BMI 0.25 0.27 0.92 0.352
Calorie intake (kcal) 0.31 0.26 1.46 0.212
Fat (g) 2.13 0.54 514 <0.001"
Inadequate WG -212.32 81.21 -2.87 <0.001"
Excess WG 93.16 82.52 2.41 0.044"
Adequate WG ot - - -

All the explanatory variables (maternal age, socio-demographic variables, mothers' weight, BMI, hemoglobin, WG and their nutrient intakes) entered the
regression model and only those variables with p < 0.2 were included and the final model was determined.

GWG, gestational weight gain; SEM, standard error of mean; BMI, body mass index; WG, weight gain.

*Test statistic; Tp < 0.05; *Regression coefficient.
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Association between maternal factors with BW of newborns

Regression analysis showed that BW of newborns was affected in a significant manner by
the amount of fat intake by mother, i.e., 1 g of fat intake was associated with an increase of
2.13 g (p < 0.01) in mean weight of newborns. It was also found that BW was significantly
different between women with inadequate weight gain and excess weight gain. The weight
was significantly lower (-212.32 g [p < 0.001]) in neonate whose mother had an inadequate
weight gain in comparison to infants whose mother had adequate weight gain. On the other
hand, the BW was found to be significantly higher (93.16 g [p = 0.04]) in neonates with
mother having excess weight gain (Table 4).

One of the objectives of this study was to study the adequacy of weight gain in pregnant
women and it was found that 85.41% of the participants had an adequate weight gain as per
US-IOM guidelines. The mean GWG of all the weight groups was however found to be within
normal limits and differed significantly from each other [3]. Moreover, it was observed that
the weight gain was maximum in between 1st to 2nd trimester rather than in 3rd trimester
which was not consistent with another study done in Germany by Diemert et al. [19]. The
reason behind this might be the study population, dietary and cultural patterns of mothers as
well as timing and methods used to collect data.

Almost 1 in every 2 women with obesity and 6.1% of women with a normal weight gained
more than recommended, whereas about one-tenth of underweight women failed to gain
adequately. Though studies by Koletzko et al. [20] and Fraser et al. [21] have reported that
weight at beginning of pregnancy has a significant impact on pregnancy outcome rather
than GWG, however the role of low GWG cannot be overlooked as it has been shown to be
unfavourable in many studies [22,23]. A systematic review of outcomes of maternal weight
gain found strong evidence to support the association between low GWG and LBW [24].
Another meta-analysis done in developing countries showed that low GWG (defined as <
11.5 to < 12.5 kg for normal or underweight women, respectively) was also associated with
increased risk of LBW in developing countries. This would indicate that, on average, weekly
weight gain of < 300 g would indicate high risk [25]. But there is no clear evidence of which
weight gain cut-off is most sensitive to LBW.

Dietary habits before and during pregnancy have a potential influence on GWG and have

an impact on both the health of mother and child. It has also been shown that in-utero
programming of newborn's appetite and food preference many be influenced by maternal
dietary habits [26,27]. Though NIN, India suggests a 350 kcal increase in energy for pregnant
women, a detailed information regarding macronutrients and micronutrients content of

the diet in different trimesters is limited. In this study, the mean energy intake was found to
decrease significantly by 14% between 1st and 2nd trimester and by 18% between 1st and 3rd
trimesters, which was much lesser than the recommended as 99.30% of the pregnant women
were moderate workers (home-makers). Even though studies have shown that most women
decrease their physical activity as pregnancy advances, still the decrease was beyond the
recommended limit 0of10% [10]. Similar decrease was also observed in case of macronutrient
intake. The reason behind decrease in food intake might be due to fullness in abdomen and
bloating sensation and being overly concerned about weight gain which was inferred upon by
interviewing some of the study participants.
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A significant association was found in this study between GWG and baseline BMI. Similar
findings were established in other studies [28,29]. But this study could not establish any
association with other socio-demographic factors like SES which is similar to deductions

in another study conducted at Sudan by Elshibly et al. [30]. However in this study the initial
maternal weight has been calculated at a mean 0f 10.43 weeks, which might not have reflected
the exact GWG.

GWG was also found to be significantly associated with average calorie intake and fat intake,
i.e., there existed a positive correlation. Though studies pertaining to effect of diet on GWG
is limited but similar positive relation between diet and weight change has been focused in
many studies [14,31,32].

Findings of this study revealed a significant association between maternal energy & fat
intake and BW. Elias et al. [33] had confirmed the role of fatty acids like arachidonic and
docosahexaenoic acid in growth of fetus. Mani et al. [34] had established the same in
South Indian population. The findings also have been supported by other studies in Japan
[35]. Though the mean GWG was found to have no significant association with that of BW,
however, when the adequacy of BW was taken into account, a significant association was
established. Though studies are insufficient which have measured the adequacy of weight
gain but some have established significant association between GWG and BW (Rode et al.
[28]) in Denmark.

Socio-demographic factors like maternal age, socio economic status, literacy and residence
also play vital role in BW as mentioned in studies by Agorinya et al. [36] however, no such
association could be established in the present study. Elshibly et al. [30] had also mentioned
that social factors are not responsible for BW of a child.

Some of the limitations of the study which needs to be addressed are that the initial
recruitment was done late in the first trimester, though it didn't differ significantly from pre-
pregnancy weight (as inferred by patient recall). The nutrient intake was obtained based on
24-hour dietary recall method once in each trimester which might not have reflected the exact
diet followed throughout the pregnancy. The categorization of nutrient intake based on BMI
category and to observe its effect on GWG and BW couldn't be carried out as the sample size
in each group wasn't large enough to deduct any significant inference. However, this study

is a first-of-its-kind in establishing the relationship between adequacy of GWG and BW of
newborns and as far as our knowledge is a first population-based study evaluating the dietary
habits and its effect on weight gain in India.

This study contributes to the limited knowledge available on nutrient intake and GWG in
pregnancy. It focuses on the need to develop guidelines about adequacy of weight gain in
Indian population based on BMI by conducting further researches. It also shows that majority
of the women do not follow the recommendations of energy and other macronutrients' and
micronutrients' intake. Even though measures are taken by health workers to record the
weight but nutritional counseling is not being provided regularly. This highlights the need to
increase awareness among general population regarding the importance of diet in pregnancy
and how to adhere to the same for optimal growth of child.
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