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ABSTRACT

Objective: The present longitudinal study aims to find out the association of gestational weight gain (GWG) with
haemodynamic changes and birth weight (BW). Materials and Methods: The study was conducted among 218
Asian Indian women with singleton pregnancy and of >20 years age, before or on 4™ week of pregnancy at two
multi-specialty nursing homes at Kolkata, India. The studied population was divided into three groups based on the
total GWG- low (GWG <25" percentile), high (GWG >75™ percentile and average (GWG 25"-75" percentiles).
Result: 3" trimester weight, early and late pregnancy weight change, 1% and 3™ trimester body mass index (BMI),
total gestational and, early and late pregnancy BMI change, and BW significantly varied among the three GWG
based groups (P<0.05). But no statistically significant difference in systolic and diastolic blood pressure (SBP and
DBP), mean arterial pressure (MAP) and their total and inter-trimester changes across the trimesters could be
revealed. Overall, the SBP, DBP and MAP across the trimesters slightly differed between low and high GWG group.
Scheffe’s posthoc test revealed remarkably strong variation in BW between high GWG group and average GWG
group than that of low GWG group. Discussion: GWG is not significantly associated with the gestational
haemodynamic alternations in the studied population and it is presumed to exist probable underlying mechanism of
genetic, clinical and lifestyle factors. However, GWG is found as prerequisite for obtaining an optimum infant BW.
Keywords: Asian Indian women, Birth weight, Blood pressure, Gestational weight gain, Percentile distribution.

INTRODUCTION

The increased prevalence of obesity and obesity-associated morbidities seeks crucial attention for the earliest
prevention strategies and treatment. Despite of persisting nutritional deficiencies, the neoteric transition in socio-
economic and demographic attributes are contributing to increased adiposity and several adverse cardiovascular
consequences, more alarmingly in the developing countries viz. India. From 1990 to 2020, there is a 120%
escalation of ischemic heart disease and 107% escalation in cerebrovascular disease among the women of
developing countries.' The principle risk factor for most of the lethal cardiovascular consequences is atherosclerosis
which induces the development of hypertension (HT), hyperglycemia, dyslipidaemia and many other cardiovascular
disease risk factors. The obese individuals are highly susceptible to all of these cardiovascular abnormalities and
around 70% of HT is caused by adiposity.'

The Framingham Study reported 20-30% increase in blood pressure (BP) with each 5% weight gain® but
there are several genetic and environmental determinants for the onset and severity of obesity-induced hypertension.
Since decades myriads of studies have concentrated on the association of gestational weight gain (GWG) with the
development of gestational HT but studies are notably meagre from the Indian obstetric population.

During early pregnancy increased insulin secretion inflates the glycogen accumulation in tissues and fats by
abstaining lyposis. Increased fat deposition observed during the early pregnancy rapidly breaks down during late
pregnancy for enhancing the fetal development.” GWG is more rapid during the late pregnancy than the early
months. Maternal early pregnancy weight gain is due to increased fat accumulation while late pregnancy body
weight includes the weight of growing baby and of the increased amount of fluid in the body. This weight gain
ensures the circulation of the baby as well as of the placenta and amniotic fluid.* An appropriate GWG corroborates
the increased metabolic requirement for the progression of pregnancy.’ But excessive GWG is associated with
several adverse birth outcomes including pregnancy induced hypertension, preeclampsia, gestational diabetes
mellitus, caesarean delivery, preterm birth, small and large for gestational age babies, macrosomia, high birth weight
(BW) etc®® while inadequate GWG is responsible for low BW.” Such information are remarkably meagre from the
Asian Indian origin.

In 2009, the Institute of Medicine (IOM) published a revised guideline of GWG based on the pre-
pregnancy Body Mass Index (BMI) specifically for the American population which potentially fits other populations
as mentioned in several studies.” But it is pragmatically not always possible to measure pre-pregnancy BMI as the
rate of pre-planned pregnancy is low in India. Therefore, in such circumstance, it is presumed that trimester-specific
population-based percentile values of GWG can be reliably and effectively used to predict the associated birth
outcomes than calculating pre-pregnancy BMI based on self-reported pre-pregnancy weight. Moreover, it is not only
the GWG but also the celerity of weight gain alters the obesity-associated pregnancy outcomes. Therefore, trimester-
specific weight gain measures are also crucial factors for consideration.

AIM OF THE STUDY
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Keeping the view in mind, our present investigation was aimed to find out the association of GW G, haemodynamic
factors and BW. The null hypothesis is that the haemodynamic factors across the trimesters and BW do vary with
the GWG.

MATERIALS AND METHODS

The present investigation is a part of a longitudinal study conducted among 218 Asian Indian women with singleton
pregnancy and of >20 years who started their antenatal medical consultation on or before 4™ week of pregnancy at
two multi-specialty nursing homes at Kolkata, a metropolitan city in India. 166 participants (76.1%) were
nulliparous. Gestational age (GA) was estimated based on the last menstrual period confirmed by the first ultrasound
report. Written informed consent was obtained from each participant included in the study. The study was approved
by the Human Research Ethics Committee of Visva-Bharati University, India.

Exclusion criteria

Participants with self-reported pre-pregnancy HT, diabetes mellitus, hypo- or hyperthyroidism, dyslipidaemia and
any heart disease were excluded from the study. Pregnancies with assisted reproductive technology and twin
pregnancies were also excluded.

Anthropometric parameters

Weight was measured nearest to the 0.1 kilogram at each trimester using a digital weighing scale. The weight
measured at the first visit to the clinic at 4™ week of gestation was considered as the weight of 1% trimester. The
weight measured at the 16" week of gestation was considered as the weight of 2™ trimester and the weight measured
on the day of delivery was considered as the weight of 3™ trimester.

Haemodynamic parameters: The systolic (SBP) and diastolic blood pressure (DBP) of the participants was
measured on the left arm using an aneroid sphygmomanometer after 5 minutes of rest in sitting position. The BP
was measured at each trimester at the time of anthropometric measurements.

STATISTICAL ANALYSIS

The total GWG was calculated as 3™ trimester weight minus 1% trimester weight. The studied population was
divided into three groups based on the total GWG- weight gained below 25" percentile (Group 1: low), weight
gained above 75" percentile (Group 3: high) and weight gained between 25" and 75" percentiles (Group 2:
average).lo Mean arterial pressure (MAP) was calculated subsequently:

1
MAP= DBP+ S (SBP- DBP)

Early pregnancy weight change= (2" trimester weight - 1*' trimester weight).
Late pregnancy weight change= (3" trimester weight - 2" trimester weight).

Total gestational gain in BMI, SBP, SBP, and MAP, early and late pregnancy changes in BMI, SBP, SBP,
and MAP were calculated likewise. Trimester-specific percentiles distribution of the anthropometric and
haemodynamic variables was calculated. One-way ANOV A with Scheffe’s post-hoc test was performed to observe
whether significant differences existed for the variables across the three groups. All statistical analyses were
performed using Statistical Package for Social Sciences (SPSS). A p value <0.05 was considered as significant.
RESULTS
The socio-demographic characteristics of the studied women are shown in table 1. The age of the participants is
28.97+4.719 years and monthly family income is 69144.495+130406.537 INR. 75.22% participants have completed
their college education and 26.60% have salaried job. The socio-economic status was calculated according to the
Kuppuswamy socioeconomic scale'' updated for the year 2020; 39% participants belong to upper-middle class,
26.1% and 31.2% participants belong to lower-middle and upper-lower class, respectively.

The descriptive statistics of anthropometric and haemodynamic variables and their total and inter-trimester
changes have been shown in the table 2. One-way ANOVA showed significant difference in 3™ trimester weight,
early and late pregnancy weight change, 1% and 3™ trimester BMI, total gestational BMI change, early and late
pregnancy BMI change, and BW among the three groups (P>0.05). But no significant group difference could be
found in SBP, DBP and MAP and their total and inter-trimester changes.

Furthermore, Scheffe’s post-hoc test revealed that the mean values of early and late pregnancy weight
change, total gestational BMI change, early and late pregnancy BMI change of average GWG group was higher than
those of the low GWG group and lower than the high GWG group. Mean BW was significantly higher among the
high GWG group than the low GWG group and no significant variation in respect of average GWG group was
revealed. Trimester-specific percentile distribution (5™, 25", 50™, 75", 85", and 95™) of weight, BMI, SBP, DBP and
MAP is shown in the Figure 1.
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DISCUSSION

Around 14% women across the world and 50% women in United States gain excessive gestational weight.
The African-Americans are reported with the highest risk of excess GWG and weight-allied risk among them is
threefold compared to the Whites.'>'* Recent studies from South India revealed nearly 4fold risk of gestational
hypertensive disorders and 3-9fold risk of preeclampsia among the obese pregnant women.>'* Several other studies
beyond India'>'® have reported excessive GWG as associated with pregnancy-induced hypertensive disorders but
the present study showed a contrasting outcome.

An appropriate placental and vascular adaptation for optimal BP regulation'” occurs during pregnancy and
involves several hormonal activities. Relaxin, a polypeptide hormone produced from placenta abruptly increases
during gestation and obtains its peak concentration at early mid-pregnancy. Relaxin is reported have significant role
in vasodilation reducing the BP. Furthermore, progesterone and estrogen are two principal pregnancy hormones
profoundly produced during gestational period for a healthy pregnancy survival. These two reproductive hormones
ameliorate vascularisation in uterus and placenta and estrogen has potential structural and functional haemodynamic
effect through ephemeral vasodilation and proliferating aortic compliance.'® Therewithal, certain trace elements also
have remarkable contribution in it. Antioxidant selenoprotein along with the glutathione peroxidase eliminates
hydroperoxides and oxidized lipoproteins to avert detrimental endothelial dysfunction thereby reducing risk of
gestational hypertension.'® Studies also reveal an optimum level of Zinc to reduce the magnitude of gestational
HT.*® Therefore, it can be culminated that all pregnancies with high GWG may not represent significant
haemodynamic alternations compared to the average GWG. In addition to it, several other conventional factors like
age, genetic predisposition, socio-economic status, diet, antihypertensive drug use etc. may have crucial role behind
1t.

Around 80% of obese children are reported to become obese in their adult life." The obesogenic utero
exposure induces the risk of neonatal obesity and maternal gestational obesity is apparently a responsible facet of
foetal adiposity. Elevated concentration of serum lipids and glucose among the obese mothers affects the nutrient
supply to the foetus and disrupts the normal growth and development of the foetus.”' The present study revealed
significant association of BW with low and high GWG. Similar findings have been documented in several other
studies across the world.”?

CONCLUSION
e GWG is not significantly associated with the gestational haemodynamic alternations in the studied
population presumably due to probable underlying mechanism of genetic, clinical and lifestyle factors.
e Infant BW significantly varied between high and low GWG groups of mothers.
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Table 1: Socio-demographic characteristics of the women under study

Variables Mean+SD Range
Age (in years) 28.97+4.719 4.719
Monthly family income (INR) 69144.495+130406.537 1190000.000

N %
Education, college and above 164
75.229

Occupation, salaried job 58 26.600
Socio-economic class
Upper 04 1.80
Upper middle 85 39.0
Lower middle 57 26.10
Upper lower 68 31.20
Lower 04 1.80
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Table 2: Anthropometric and haemodynamic characteristics of the pregnant women.
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Total Gestational Weight Gain

Characteristics
(meanzSD)
<25™ Percentile 25™M.75" Percentile >75™ Percentile F value
Total Low Average High
(N=218) (N=54) (N=110) (N=54)
1 trimester weight(Kg) 61.122+12.787 64.629+14.385 60.322+10.872 59.246+14.210 0.059
2" trimester weight(Kg) 64.452+13.053 65.324+14.969 63.922+11.031 64.661+14.897 0.216
3™ trimester weight(Kg) 71.827+12.772 69.368+13.566 70.849+10.851 76.277+14.607 4.761%*
Early pregnancy weight change(Kg)$,§§ 3.329+3.574 0.694+3.304 3.60+2.814 5.41443.665 30.829*
Late pregnancy weight change (Kg)§,§§ 737444316 4.04443 484 6.926+3.165 11.61643.674 69.850*
1% trimester BMI (Kg/mz) 24.317+4.719 25.955+5.236 24.045+4.147 23.231+4.932 5.046*
2" trimester BMI (Kg/mz) 25.653+4.806 26.240+5.528 25.479+4.216 25.42045.195 0.537
3" trimester BMI (Kg/mz) 28.581+4.667 27.851+4.957 28.243+4.195 29.998+5.061 3.514*
Total gestational BMI change (Kg/m2)§,§§ 4.262+2.039 1.896+1.304 4.198+0.736 6.766+1.452 263.925%*
Early pregnancy BMI change (Kg/m?)$,§§ 1.336£1.427 0.285+1.320 1.433£1.110 2.188+1.473 31.420%
Late pregnancy BMI change (Kg/m?)§,§§ 2.928+1.727 1.611£1.412 2.764+1.259 4.577+1.536 68.848"
1% trimester SBP(mmHg) 119.56%+11.810 120.65+14.395 119.2749.226 119.04+13.681 0.313
2" trimester SBP(mmHg) 119.26+14.253 119.20+16.476 119.04+12.621 119.78+15.242 0.049
123.65+15.188 125.46+18.4 122.16+13.087 124.85+15.628 1.081

3" trimester SBP(mmHg)
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Total gestational SBP change(mmHg) 4.091+16.315 4.814+17.344 2.890+14.452 5.814+£18.787 0.650
Early pregnancy SBP change(mmHg) -0.293+13.327 -1.444+13.011 -0.236+13.217 0.740£14.008 0.363
Late pregnancy SBP change(mmHg) 4.385£15.159 6.259+15.797 3.127£15.179 5.074+14.495 0.846
1* trimester DBP(mmHg) 77.75+7.874 77.37£8.614 78.11+7.363 77.41£8.222 0.227
2" trimester DBP(mmHg) 76.80+9.175 77.72+10.097 76.13+8.505 77.24+9.592 0.629
3" trimester DBP(mmHg) 78.34+10.189 78.87+10.172 77.95+£7.963 78.61£13.801 0.173
Total gestational DBP change(mmHg) 0.587+11.311 1.500+10.898 -0.163+9.331 1.203+14.953 0.496
Early pregnancy DBP change(mmHg) -0.954+8.439 0.351+£8.984 -1.981+8.116 -0.166+8.417 1.708
Late pregnancy DBP change(mmHg) 1.541£11.404 1.148+11.134 1.818+10.051 1.370+14.155 0.070
1* trimester MAP(mmHg) 91.77+8.676 91.83+9.424 92.18+£7.782 90.87+9.678 0.413
2" trimester MAP(mmHg) 90.79+10.304 91.31+11.548 90.46+9.468 90.93+10.793 0.129
3" trimester MAP(mmHg) 93.06+9.955 93.63+11.884 91.97+£8.064 94.72+11.190 1.504
Total gestational MAP change(mmHg) 1.293+11.609 1.796£11.975 -0.209+10.419 3.851£13.172 2.311
Early pregnancy MAP change(mmHg) -0.981+9.315 -0.518+9.004 -1.718+9.485 0.055+£9.311 0.744
Late pregnancy MAP change(mmHg) 2.275+10.847 2.314+11.572 1.509+10.634 3.796+10.567 0.804
Birth weight (Gram)§§$§ 2770.90+423.486 2642.13+385.497 2795.56+437.435 2849.44+409.510 3.702%*

*significant difference at 0.05 level. One-way ANOVA with Scheffe’s post-hoc test revealed that
§ Group 2 has significantly higher mean than Group 1.
§8 Group 2 has significantly lower mean than Group 3.
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§88 Group 3 has significantly higher mean than Group 1.
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Figure 1: Trimester-specific percentile distribution of anthropometric and haemodynamic characteristics of pregnant

women.
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