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Abstract 

Background: Weight gain during pregnancy is a key 

indicator of maternal and fetal nutrition. Ab normal place 

ntal vascular development can com pro mise pregnancy 

out comes. The present study evalua ted the relationship 

of fetal birth weight with maternal weight gain and place 

ntal blood flow velocimetry. 

Methods: 250 primigravida females booked and delive 

red at study hospital between January 2021 and June 

2022 were enrolled. Baseline and demo graphic details 

were noted with maternal weight gain during pregnancy. 

Feto-maternal blood flow para meter was measured at 32 

-34 weeks and 36-38 weeks of pregnancy by colour 

doppler ultrasound. Pearson’s correlation test was used to 

assess cor relation of fetal birth weight with maternal 

weight gain and umbilical artery (UA) S/D ratio. 

Results: Mean age of enrolled females was 25.12+4.29 

years, with majority having normal BMI (n=175, 70%). 

Mean maternal weight gain was 11. 85+2.32 kg (range: 

5.9 kg to 16 kg). 188 females (75.2%) had weight gain of 

10-15 kg. 210 (84%) females at 32-34 weeks and 238 

(95.2%) females at 36-38 weeks had UA S/D ratio of <3. 

35 (14%) females gave birth to neonates with birthweight 

<2.5 kg. 12 (4.8%) neonates were admitted to NICU, 

with no deaths reported. Correlation between maternal 

weight gain and fetal birth weight indicated non-

significant mild positive correlation (r=0.29, CI: 0.21-

0.42, p=0.11). At both 32-34 weeks (r=0.24, CI: -0.16-

0.32, p=0.28) and 36-38 weeks (r=-0.28, CI: -0.15-0.38, 

p=0.18) there was non-significant mild negative 

correlation between fetal birth weight and UA S/D. 20 

females (8%) had hypertension or pre-eclampsia, and all 

these cases showed S/D ratio >3. 

Conclusion: There was a trend showing direct cor 

relation of fetal birth weight with maternal weight gain, 

and inverse correlation with UA S/D ratio. Subjects with 

ideal weight gain during preg nancy had higher chances 

of uneventful delivery and better obstetric outcomes. 

Keywords: Fetal birth weight, Maternal weight gain, 

Fetomaternal blood flow, Umbilical artery, S/D ratio. 

Introduction 

A woman’s weight normally increases during preg nancy 

because of the growth of fetal and maternal tissues and 

fluids. Weight gain during pregnancy, among the import 

http://ijmsir.com/
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ant indicators of preg nancy maternal nutrition, is also a 

good measure of intra-uterine fetal nutrition.1,2 Thus, sub-

optimal gestation nal weight gain (GWG) is associated 

with various adverse pregnancy outcomes. These out 

comes may include but are not limited to: high birth 

weight (HBW), low birth weight (LBW), preg nancy-

induced hyper tension, gestational diabetes, preterm 

births, caesarean delivery, and delayed initiation of breast 

feeding.3,4 Birth weight is also a known predictor of fetal 

wellbeing and newborn’s future chances of survival and 

is dependent on maternal health and nutrition during 

pregnancy.5 It is also accepted that child growth failure 

occurs in the critical window of opportunity, from con 

ception up-to two years of age, and about 50% of the 

growth failure which occurs by two years of age occurs 

in uterus.6 Low birth weight i.e. weight below 2500 

grams may indicate that the baby did not remain in the 

uterus long enough or it did not develop well enough. 

The incidence of low birth weight (LBW) in India varies 

between 25-30% and of which 60-65% are because of 

fetal growth restriction (FGR).7 Given its prediction of 

fetal wellbeing, intrauterine malnutrition has more 

serious and far-reaching consequences, because an insult 

which occurs during pregnancy permanently affects 

tissue structure and function.8 These concerns make the 

fetal period a critical window of opportunity, and nutriti 

on intervention during this period and improving birth 

weight will help break the vicious intergenerational cycle 

of malnutrition.6 Evidence from developing countries 

over time also demonstrates that the incidence of FGR 

decreases as a country becomes more developed. Some 

of the adverse factors responsible are maternal malnutriti 

on, anemia, inadequate prenatal care, drug abuse, birth 

order, maternal medical problem, e.g., pregnancy induced 

hyper tension, diabetes mellitus, cardiac diseases, and 

chronic infections.9 

Not only below-par weight gain, but even greater weight 

gain during pregnancy can lead to poor outcomes in both 

mother and fetus. Weight gain during pregnancy has 

always been a matter of great concern for most women 

and obstetricians. This concern exists because gestational 

weight gain is related to many complications, both 

maternal and fetus. Macrosomia is a major complication, 

consisting of cases of infants born weighing more than 

4000 gm, regardless of the gestational age.10 This large 

weight is associated with complications for both the 

mother and the child. The most common complications in 

macrosomic fetuses include: increased risk of intrauterine 

death, hypertrophic cardio-myopathy, need for intensive 

care, shoulder dystocia, humeral and clavicle fractures, 

meconium aspiration, hypo-glycemia, neonatal hyper-

bilirubinemia, paralysis of the facial and brachial plexus 

and obesity in childhood and adulthood.11 For mothers, 

the most common complications include: increased risk 

of cesarean section, cephalo-pelvic disproportion, pro 

longed labor, soft-tissue lacerations and postpartum hemo 

rrhage.12 

Normal placental vascular development ensures a healthy 

pregnancy outcome, whereas insufficient or abnormal 

placental vascular development will compromise preg 

nancy outcomes both mother and the fetus, with com 

plications that include preeclampsia and intrauterine fetal 

growth restriction. The functional unit of the placenta is 

the chorionic villus, which contains the layers of syn-cyto 

trophoblasts & cytotrophoblasts, villous stromal, and 

fetal vascular endothelium that separate maternal blood 

from the fetal circulation.13 Doppler ultra sonography pro 

vides non-invasive hemo dy namic monitoring in human 

pregnancy. It is used to predict adverse perinatal out  

comes such as fetal growth restriction and preeclampsia. 

The present study was planned to evaluate the relation 

ship between maternal weight gain and flow velocimetry, 
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and the impact of these factors on fetal birth weight. This 

will help in better understanding of the relationship 

between maternal weight gain and feto-maternal blood 

flow in Indian population, which can aid the Indian 

obstetricians in better feto-maternal care. 

Methods 

A longitudinal and observational study was conducted by 

Department of Obstetrics and Gynecology at INHS 

Asvini, Mumbai. 250 consenting primigravida subjects 

who were booked and delivered at study hospital bet  

ween January 2021 and June 2022, fulfilling the 

screening criteria were enrolled in the study. The study 

was initiated only after institutional ethics committee per 

mission was obtained. Subjects with multiple gestation or 

multigravida status, pregnancies booked in 2nd & 3rd 

trimester, pregnancy after ART procedure, subject with 

pre-existing medical complication like diabetes mellitus, 

hypertensive disease, heart disease, renal disease, 

autoimmune disease, thrombophilia and connective tissue 

disorders, subject with feeding disorder or subject who 

have undergone bariatric surgery, preterm delivery and 

poly-hydramnios cases were all excluded from study.  

Assessment of patient parameters 

On admission, routine data such as obstetric, menstrual, 

medical, surgical, personal and family history were 

noted. Maternal weight, height, and early pregnancy 

body mass index (BMI) (based on antenatal records) 

were calculated. BMI is calculated by dividing the body 

weight in kilograms by height in meters squared, or kg/ 

m2. Subjects were classified into 4 groups based on their 

first trimester BMI: 

Under weight –BMI < 18.5 Kg/m2 

Normal weight- BMI -18.5-24.9 Kg/m2 

Overweight -BMI-25-29.9 Kg/m2 

Obese – BMI >30 Kg/m2 

Weight gain during pregnancy was calculated by sub 

tracting pre-pregnancy weight from maternal weight at 

the time of delivery. In cases where pre-pregnancy 

weight is not available, weight in first trimester during 

first visit to antenatal OPD was taken as pre pregnancy 

weight to calculate the fetal weight gain during pregna 

ncy. 

Height of the subject was measured using a wall mounted 

meter stick to the nearest 0.1 cm with women standing 

erect in her bare feet. Weight was measured digitally to 

the nearest 0.1 kg with the women in light clothing.  

Feto-maternal blood flow assessment 

Feto-maternal blood flow parameter was measured at 32-

34 weeks, and then at 36-38 weeks of pregnancy by using 

same colour Doppler ultrasound machine. Blood flow is 

measured in a free loop of umbilical cord and umbilical 

artery (UA) S/D ratio was calculated for each case when 

the fetus is in rest. The enrolled subject’s labor was 

monitored until delivery. The birth outcome was studied, 

and birth weight was noted. 

Statistical analysis 

Data analysis was done with the help of statistical 

software SPSS version 25.0. Quantitative data was 

presented with the help of mean and standard deviation, 

while descriptive data was evaluated and expressed as 

numbers and percentages. The maternal and fetal out 

comes were evaluated and noted. The fetal birth weight 

and feto-maternal blood flow assessment were correlated 

with the help of Pearson’s correlation coefficient. P value 

of less than 0.05 was statistically significant. 

Results 

Demographic and baseline details 

The mean age of enrolled females was noted to be 25.12 

+ 4.29 years, with majority being between 21-25 years’ 

age group (58%). The mean BMI was noted to be 24.4 + 

3.32 kg/m2, and majority were in the normal BMI range 
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of 18.5 to 24.99 kg/m2 (n=175, 70%). Table 1 describes 

the key baseline participant details. 

Table 1: Demographic and baseline details of enrolled 

females (n=250) 

Characteristics  Calculated values 

Mean age (years) 25.12 + 4.29 

Median age with range (years) 26 (19-31) 

Age groups (n with %)  

18-20 years 3 (1.2%) 

21-25 years 145 (58%) 

26-30 years 100 (40%) 

>30 years 2 (0.8%) 

Mean BMI (kg/m2) 24.4 + 3.32 

Median BMI with range (kg/m2) 23.2 (19.2-34.1) 

BMI range (n with %)  

18.5 to 24.99 kg/m2 175 (70%) 

25 to 29.99 kg/m2 50 (20%) 

>30 kg/m2 25 (10%) 

Maternal weight gain during pregnancy 

The mean maternal weight gain was noted to be 11.85 + 

2.32 kg, with a median gain of 12.25 kg (range: 5.9 kg to 

16 kg). 188 of the enrolled cases (75.2%) were noted to 

have maternal weight gain of 10-15 kg. (Figure 1) 

Figure 1: 

 

UA S/D assessment at 32-34 weeks and 36-38 weeks 

The mean UA S/D assessment at 32-34 weeks was 2.74 + 

0.58, while it was 2.58 + 0.13 at 36-38 weeks. The range 

of UA S/D was 2.2 to 5.5 at 32-34 weeks, while it was 

2.3 to 3.1 at 36-38 weeks. 210 (84 %) cases at 32-34 

weeks and 238 (95.2%) cases at 36-38 weeks had UA 

S/D ratio of <3. (Figure 2) 

Figure 2: 

 

Maternal and fetal outcomes 

210 females (84%) underwent vaginal delivery, 30 (12%) 

underwent caesarean delivery (22 underwent emergency 

section and 8 underwent elective section), while 10 (4%) 

females underwent instru mental delivery. The 

indications for the emergency section were non-

progression of labour (n=16) and fetal distress (n=6). The 

maternal complications are noted below in figure 3. 

Figure 3:  

 

Figure 3: Maternal complications in study (n=250) 

The mean neonatal birth weight was noted to be 2.95 + 

0.37 kg, while the median birth weight was 2.9 kg (range: 

2.07 to 4.1 kg). 215 (86%) of the enrolled mothers gave 

birth to neonates with birthweight >2.5 kg, while 
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remaining 35 (14%) had neonates with birthweight <2.5 

kg. A total of 12 (4.8%) neonates were admitted to 

NICU, the indications for which were fetal distress (n=6), 

low birth weight (n=4) and low APGAR scores (n=2). No 

incident of neonatal death was noted in study.  

The mean maternal weight gain was noted to be lower 

(9.23 + 2.21 kg) in the sub-group of patients with 

neonates having low birth weight in com parison to the 

subgroup with normal birth weight, which noted a higher 

mean maternal weight gain (10.27 + 2.11 kg). However, 

the difference was not statistically significant (p=0.21). 

Correlation of fetal birth weight with maternal weight 

gain and UA S/D  

On calculating the correlation between maternal weight 

gain and fetal birth weight, the correlation value (r) was 

noted to be 0.29 (CI: 0.21-0.42). which indicated mild 

positive correlation between maternal weight gain and 

neonatal birth weight. However, P value was 0.11, 

considered NOT significant. (Figure 4) 

Figure 4: 

 

P=0.11, considered not significant by Pearson’s 

correlation test 

The correlation between fetal birth weight and UA S/D 

ratio was also evaluated. At 32-34 weeks, the r value was 

-0.24 (CI: -0.16 to 0.32), while at 36-38 weeks the r value 

was -0.28 (CI: -0.15 to 0.38) indicating mild negative 

correlation between fetal birth weight and UA S/D at 

both time points. P value was >0.05 and not significant at 

both time points (Figures 5,6). 

Figure 5: 

 

P=0.28, considered not significant by Pearson’s 

correlation test. 

Figure 6: 

 

P=0.18, considered not significant by Pearson’s 

correlation test 

Discussion 

Fetus is completely dependent upon the mother for its 

nutrition. Nutrition from the maternal circulation is 

transferred to the fetus through placental interference. 

Insufficient or aberrant placental vascular development 

will endanger the health of the mother and the baby 

throughout pregnancy, leading to issues including pre-

eclampsia and intrauterine fetal growth limitation. 

Normal placental vascular development assures a success 
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ful pregnancy result. Doppler ultrasonography is a non-

invasive method of hemodynamic monitoring of human 

pregnancy. It is employed to evaluate both placental and 

fetal circulation. Additionally, it is utilised to foresee 

unfavorable prenatal outcomes such hypertension and 

fetal growth limitation. Doppler examinations of the 

uterine artery (UtA), umbilical artery (UA), middle 

cerebral artery (MCA), and ductus venosus are frequently 

carried out. According to a research, unfavorable peri 

natal outcomes in the obstetric population may be accu 

rately predicted by maternal and fetal Doppler blood flow 

characteristics.14  

In present study, there was a non-significant positive corr 

elation noted between maternal weight gain and neonatal 

birth weight. Gestational weight gain re commendations 

aim to optimize outcomes for the woman and the infant. 

In 2009, the Institute of Medicine (IOM) published 

revised gestational weight gain guidelines that are based 

on pre preg nancy body mass index (BMI) ranges for 

underweight, normal weight, overweight, and obese 

women recommended by the World Health Organization 

and are independent of age, parity, smoking history, race, 

and ethnic back ground.15 The updated IOM recommend 

ations have met with controversial reactions from some 

physicians who believe that the weight gain targets are 

too high, especially for overweight and obese women.  

Generally, the hemodynamic changes in pregnancy are 

usually characterized by declining umbilical artery flow 

resistance and increased blood flow with advancing 

gestational age. Doppler ultrasound in the umbilical 

artery may present some advantages over Non-Stress 

Test (NST) in predicting adverse fetal outcome. Impaired 

utero placental blood supply does not necessarily corr 

elate with permanent fetal hypoxemia,16 particularly as 

oxygen supply may be adequate or only slightly reduced 

during maternal resting, at the time when NSTs are 

performed. Some fetuses with absence of end-diastolic 

velocity may therefore present normal NST, since they 

have normal blood gas values at the time of examination. 

In these cases, NST may not reflect the severe fetal 

compromise until a short time before fetal death. 

Furthermore, during the mid-trimester and early in the 

third trimester, the value of a non-reactive NST is 

difficult to determine, since a considerable number of 

NSTs are expected to be non-reactive due to the relative 

immaturity of the fetal central nervous system.17 Doppler 

ultra sound, a non-invasive method to examine the utero 

placental circulation, has been proposed as an early 

screening test for fetal growth restriction.18 The use of 

UA Doppler as a fetal testing modality is based on the 

premise that abnormal placental perfusion is associated 

with adverse pregnancy outcome. In growth restricted 

fetuses, Doppler studies of the UA can identify placentas 

with increased vascular impedance and thus, select a 

group of high-risk pregnancies in need of increased fetal 

and maternal surveillance.19,20 Vergani P et al studied the 

placental blood flow and fetal outcome and concluded 

that abnormal Doppler velocimetry of the UA in 

suspected growth restricted fetuses is statistically 

correlated with preterm delivery, delivery by cesarean 

section, admission to the NICU and a final diagnosis of 

fetal growth restriction.21 In present study, the umbilical 

artery doppler study was conducted between 32-34 weeks 

as well as between 36-38 weeks. The UA S/D ratio was 

raised at 32-34 weeks in 16% of enrolled females, and in 

4.8% at 36-38 weeks. The LBW status was found to be 

present in 14% neonates. The S/D ratio was calculated 

for the pregnancy females, and on correlating them with 

the fetal weight gain, mild negative correlation was 

noted. This indicated that with higher S/D ratio, there 

was a trend for lower fetal birth weight. These findings 

were not statistic ally significant however an indirect 
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trend was noted between umbilical artery SD ratio and 

fetal birth weight.  

There are studies which have evaluated utility of UA 

Doppler in predicting fetal outcomes. The study 

conducted by Bonnin et al. investigated the impact of 

umbilical placental resistance level on fetal growth 

develop ment. Doppler measurements were conducted in 

third trimester, just like in our study.22 The authors had 

found an inverse correlation between placental resistance 

index and the birth weight of neonates, which is in 

alignment to our findings. These findings suggest that 

umbilical placental resistance level determines fetal 

growth development and birth weight during pregnancies 

without placental insufficiency.  A recent study published 

in 2022 by Adi Kamni et al. noted that pregnant women 

with adverse pregnancy outcomes had significantly 

higher second trimester mean umbilical systolic/diastolic 

(S/D) ratio (p = 0.016). By the third trimester, the um 

bilical artery PI was higher in the mothers with associ 

ated adverse fetal outcomes.23 These findings go in-line 

with our study findings which showed negative corre 

lation between UA S/D ratio and fetal birth weight.  

Pregnancies complicated with hypertensive disorders are 

regarded as high-risk and contri bute to increased mater 

nal and perinatal morbidity and mortality. The genesis 

behind abnormal umbilical artery Doppler spectral 

waveforms in patients with hypertensive dis orders in 

preg nancy is not unrelated to the significant reduction in 

maternal utero-placental flow in some of the hypertensive 

disorders. Reduction in utero-placental blood flow 

invariably results in deterioration of umbilical artery 

waveforms.24 Out of 250 females, 20 females (8%) were 

noted to have developed hypertension or pre-eclampsia in 

our study, and all these cases showed S/D ratio >3. In 

addition, it was found that majority of these females with 

hypertension or pre-eclampsia had neonates with low 

birth weight (18/20, 90%). This showed a direct associ 

ation between hyper tension or pre-eclampsia status, and 

low neonatal birth weight. 

The study had a few limitations. Present study was con 

ducted at only one study centre, and hence the genera 

lization of results to whole Indian population needs to be 

done with caution. In addition, UA S/D ratio was 

correlated with fetal birth weight, but pulsality index and 

resistivity index were not focused upon. Multi centric 

studies with large sample size are required to validate our 

study findings.  

Conclusion 

There was a trend showing direct correlation of fetal birth 

weight with maternal weight gain, and inverse correlation 

of fetal birth weight with UA S/D ratio. There was direct 

association noted between hypertension or pre-eclampsia 

status, and low neonatal birth weight. Subjects with ideal 

weight gain during pregnancy had higher chances of un 

eventful delivery and better obstetric outcomes. Weight 

gain during pregnancy should be individualized and im 

portance of individual nutrition plan should be emphasis 

ed during anti-natal follow ups. 
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