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ABSTRACT

Background:

Maternal nutritional status influences placental function, fetal growth, and neonatal body size. Maternal body mass index
(BMI), mid-upper arm circumference (MUAC), gestational weight gain, and haemoglobin provide practical indicators of
nutritional adequacy during pregnancy.

Objectives:

To evaluate the correlation between maternal nutritional status and neonatal anthropometric measurements at birth and
examine the association between maternal BMI and low birth weight.

Methods:

This hospital-based prospective observational analytical study included 300 mother—neonate pairs at Mamata Medical
College and Mamata General Hospital, Khammam, Telangana, India, from July 2025 to June 2026. Eligible women with
singleton live births were recruited consecutively. Maternal BMI, MUAC, gestational weight gain, and haemoglobin were
assessed, and neonatal birth weight, length, head circumference, and chest circumference were measured after birth. Pearson
correlation, one-way analysis of variance, and chi-square test were used as appropriate.

Results:

Mean maternal BMI was 22.7 + 4.1 kg/m?, MUAC was 25.4 + 3.2 cm, and gestational weight gain was 10.8 + 3.6 kg. Mean
neonatal birth weight was 2.91 + 0.48 kg; 57 neonates (19.0%) had low birth weight. Birth weight increased from 2.60 +
0.39 kg among underweight mothers to 3.28 + 0.49 kg among obese mothers (p<0.001). Low birth weight occurred in 38.3%
of neonates of underweight mothers compared with 16.4%, 11.1%, and 7.4% in the normal-BMI, overweight, and obese
groups, respectively (p<0.001). Maternal BMI correlated with birth weight (r=0.43, p<0.001), gestational weight gain
showed the strongest correlation (1=0.47, p<0.001), and MUAC correlated positively with birth weight, length, head
circumference, and chest circumference (r=0.27-0.39; all p<0.001).

Conclusion:

Better maternal nutritional indices were associated with greater neonatal anthropometric measurements, whereas maternal
underweight was associated with low birth weight.

Recommendations:

Routine antenatal assessment should integrate BMI, MUAC, gestational weight gain, and haemoglobin to identify women
requiring nutritional intervention.
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INTRODUCTION

Maternal nutrition is a major determinant of fetal growth
because pregnancy requires substantial metabolic
adaptation, expansion of maternal tissues, placental
development, and sustained transfer of nutrients to the fetus.
Nutritional inadequacy before conception or during
pregnancy can restrict fetal growth, whereas excessive
maternal adiposity and disproportionate weight gain can
shift growth toward higher birth weight and greater neonatal
size. Contemporary reviews from low- and middle-income
settings consistently identify low maternal body mass index
(BMI), reduced mid-upper arm circumference (MUAC),
and poor overall nutritional status as important correlates of
low birth weight, small-for-gestational-age birth, and other
adverse outcomes.! Early-pregnancy BMI and MUAC are
particularly attractive for clinical use because they are
simple, inexpensive, and reproducible measurements that
can be incorporated into routine antenatal care.?
Pre-pregnancy BMI reflects maternal energy reserves
entering gestation, while gestational weight gain represents
the combined contribution of maternal tissue expansion,
extracellular fluid, placenta, fetus, and related pregnancy
components. Evidence from large systematic reviews shows
that gestational weight gain outside recommended ranges is
associated with adverse infant outcomes.® Similar
associations have been observed across geographically and
ethnically diverse populations, indicating that inadequate
and excessive weight gain both deserve attention during
antenatal surveillance.* Low total gestational weight gain
has also been linked with increased risks of low birth weight
and preterm birth, supporting the value of longitudinal
maternal weight assessment throughout pregnancy.®
MUAC provides an additional marker of maternal
nutritional status and is less affected by pregnancy-related
fluid changes than body weight. Indian prospective data
have demonstrated that maternal MUAC can assist in
identifying women at greater risk of delivering low-birth-
weight infants.® Studies from other populations likewise
support an association between maternal arm circumference
and subsequent infant growth.” Earlier work also found
meaningful relationships between maternal MUAC and
birth weight, reinforcing its utility where reliable pre-
pregnancy weight is unavailable.® Maternal anthropometric
measurements have additionally been correlated with
multiple neonatal dimensions, including weight, length, and
head circumference, suggesting that maternal nutrition
influences overall fetal somatic growth rather than birth
weight alone.®

Haemoglobin concentration is another relevant nutritional
marker because anaemia can coexist with inadequate dietary
intake and micronutrient deficiency. Undernutrition during
pregnancy has been associated with low birth weight,'°
while systematic reviews identify maternal anaemia as a risk
factor for reduced birth weight and other adverse birth
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outcomes.!,'> Evaluating several maternal indicators

together therefore provides a broader picture than reliance
on a single measure.

The present study was undertaken to determine the

relationship between maternal nutritional status and

neonatal anthropometry in a tertiary-care setting in

Telangana. The objectives were to assess maternal BMI,

MUAC, gestational weight gain, and haemoglobin;
document neonatal birth  weight, length, head
circumference, and chest circumference; quantify

correlations between maternal nutritional indices and
neonatal measurements; and examine the association
between maternal BMI category and low birth weight.
METHODOLOGY

Study design and setting

A hospital-based prospective observational analytical study
was conducted at Mamata Medical College and Mamata
General Hospital, Khammam, Telangana, India. The
institution functions as a tertiary-care teaching hospital and
receives obstetric referrals from Khammam and surrounding
districts. The study was carried out over 12 months, from
July 2025 to June 2026.

Study population and sampling

Pregnant women delivering at the study hospital during the
study period were screened consecutively for eligibility.
Women who delivered a singleton live-born neonate and
had the maternal nutritional variables required for the study
were invited to participate after written informed consent.
Consecutive sampling was continued until the prespecified
sample size of 300 mother—neonate pairs was achieved.
Women with multiple gestation, major fetal congenital
anomalies detected antenatally or at birth, or records
insufficient for assessment of the principal maternal
nutritional variables were excluded. Mother—neonate pairs
with incomplete neonatal anthropometric measurements
were excluded from the final analysis.

Study size

The sample size was calculated for the primary objective of
detecting a correlation between maternal nutritional
indicators and neonatal anthropometric measurements.
Using Fisher’s z transformation for a correlation coefficient,
a minimum clinically relevant correlation of r=0.17, a two-
sided alpha of 0.05, and 80% power yielded a required
sample of approximately 270 mother—neonate pairs: n =
[(Zo/2 + ZB) / {0.5 x In((1+r)/(1-1))}]* + 3. Allowing
approximately 10% for incomplete records or non-evaluable
mother—neonate pairs increased the target to 297; this was
rounded to 300 pairs for enrolment.

Bias

Potential selection bias was reduced by consecutive
screening and recruitment of eligible women throughout the
study period rather than selective enrolment. Measurement
bias was addressed by using a structured data-collection
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form, standardized anthropometric techniques, a calibrated
neonatal weighing scale, and non-stretchable tapes for
MUAC and neonatal circumferences. The same
measurement protocol was followed throughout the study to
limit inter-observer variation. Information bias related to
maternal baseline weight and haemoglobin was reduced by
obtaining these values from antenatal records. Exclusion of
multiple gestations and major congenital anomalies reduced
major non-nutritional influences on neonatal size; however,
residual  confounding from unmeasured dietary,
socioeconomic, placental, and maternal clinical factors
remains possible.

Maternal nutritional assessment

Maternal age, parity, relevant obstetric information, and
nutritional measurements were recorded using a structured
data collection form. Pre-pregnancy or early-pregnancy
weight and height were obtained from antenatal records, and
BMI was calculated as weight in kilograms divided by
height in metres squared. Mothers were classified as
underweight, normal BMI, overweight, or obese using
standard adult BMI categories. Gestational weight gain was
calculated from the difference between baseline and late-
pregnancy weight. MUAC was measured at the midpoint
between the acromion and olecranon using a non-stretchable
measuring tape, with the arm relaxed. Maternal
haemoglobin concentration was obtained from antenatal
laboratory records. The use of BMI, MUAC, and gestational
weight gain as complementary indicators is supported by
evidence linking these measurements with fetal growth and
birth outcomes.?,*—*

Neonatal anthropometry

Birth weight was recorded in kilograms using a calibrated
neonatal weighing scale. Crown—heel length was measured
in centimetres with the neonate positioned supine. Head
circumference was measured around the maximal
occipitofrontal circumference, and chest circumference was
measured at the nipple line using a flexible non-stretchable
tape. Low birth weight was defined as birth weight below
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2.5 kg. The same measurement protocol was followed
throughout the study to reduce inter-observer variation.
Outcome measures
The principal outcomes were neonatal birth weight, birth
length, head circumference, and chest circumference.
Maternal BMI, MUAC, gestational weight gain, and
haemoglobin were evaluated as nutritional correlates. The
frequency of low birth weight across maternal BMI
categories was also assessed.
Statistical analysis
Continuous variables were summarized as mean + standard
deviation, whereas categorical variables were expressed as
frequency and percentage. Mean neonatal anthropometric
measurements across maternal BMI categories were
compared using one-way analysis of variance. Pearson
correlation coefficients were calculated to examine linear
relationships between maternal nutritional indicators and
neonatal measurements. The association between maternal
BMI category and low birth weight was assessed using the
chi-square test. A two-sided p-value < 0.05 was considered
statistically significant.
Ethical considerations
The study was conducted after approval from the
Institutional Ethics Committee of Mamata Medical College.
Written informed consent was obtained from participating
mothers, and confidentiality of clinical information was
maintained throughout data collection and analysis.
RESULTS
A total of 300 mother—neonate pairs were included in the
study. The mean maternal age was 25.8 + 4.1 years. The
mean pre-pregnancy body mass index (BMI) was 22.7 = 4.1
kg/m?, while the mean mid-upper arm circumference
(MUAC) was 25.4 +3.2 cm. The average gestational weight
gain was 10.8 + 3.6 kg. Based on maternal BMI, 60 (20.0%)
women were underweight, 159 (53.0%) had normal BMI, 54
(18.0%) were overweight, and 27 (9.0%) were obese.
Maternal anaemia was present in 111 (37.0%) participants
(Table 1).

Table 1. Maternal demographic and nutritional characteristics (n = 300)

Characteristic Value
Age, years, mean = SD 25.8+4.1
Primigravida, n (%) 132 (44.0)
Multigravida, n (%) 168 (56.0)
Pre-pregnancy BMI, kg/m?, mean + SD 22.7+4.1
Underweight, n (%) 60 (20.0)
Normal BMI, n (%) 159 (53.0)
Overweight, n (%) 54 (18.0)
Obese, n (%) 27 (9.0)
MUAC, cm, mean £+ SD 254+32
Gestational weight gain, kg, mean = SD 10.8£3.6
Haemoglobin, g/dL, mean + SD 109+1.3
Maternal anaemia, n (%) 111 (37.0)

Note. BMI = body mass index; MUAC = mid-upper arm circumference; SD = standard deviation.
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Among the neonates, 158 (52.7%) were male, and 142 (47.3%) were female. The mean gestational age at birth was 38.3 +
1.4 weeks. Mean neonatal birth weight was 2.91 + 0.48 kg, birth length was 49.1 =+ 2.4 cm, head circumference was 33.8 +
1.6 cm, and chest circumference was 32.4 + 1.8 cm. Low birth weight (<2.5 kg) was observed in 57 (19.0%) neonates (Table

2).
Table 2. Neonatal characteristics and anthropometric measurements at birth (n = 300)
Characteristic Value
Male, n (%) 158 (52.7)
Female, n (%) 142 (47.3)
Gestational age, weeks, mean + SD 383+14
Preterm birth (<37 weeks), n (%) 36 (12.0)
Birth weight, kg, mean + SD 2.91+0.48
Birth length, cm, mean = SD 49.1+2.4
Head circumference, cm, mean + SD 33.8+1.6
Chest circumference, cm, mean + SD 324+1.8
Low birth weight (<2.5 kg), n (%) 57 (19.0)
Birth weight >2.5 kg, n (%) 243 (81.0)
Note. Data are expressed as mean £ SD or number (percentage), as appropriate.
Neonatal  anthropometric = measurements  increased  were statistically significant for all four anthropometric

progressively across maternal BMI categories. Neonates
born to underweight mothers had the lowest mean birth
weight (2.60 £ 0.39 kg), whereas those born to obese
mothers had the highest mean birth weight (3.28 = 0.49 kg).
Birth length, head circumference, and chest circumference
showed similar trends. Differences across BMI categories

measurements (p<0.001). Low birth weight was also most
frequent among underweight mothers, affecting 23 of 60
neonates (38.3%), compared with 26 of 159 (16.4%) in the
normal-BMI group, 6 of 54 (11.1%) in the overweight
group, and 2 of 27 (7.4%) in the obese group (p<0.001)
(Table 3).

Table 3. Neonatal anthropometric measurements and low birth weight according to maternal
BMI category

Neonatal measurement Underweight Normal BMI Overweight Obese e
(n = 60) (n =159) (n = 54) (n=27)

Birth weight, kg 2.60 £ 0.39 291 +£0.41 3.15+0.46 3.28+0.49 <0.001

Birth length, cm 47.8+2.3 49.1+£2.1 50.0+2.3 504+2.5 <0.001

Head circumference, cm 329+1.5 338+14 344+1.5 346+1.7 <0.001

Chest circumference, cm 314+1.7 324+1.5 33.1+1.7 334+1.8 <0.001

Low birth weight, n (%) 23 (38.3) 26 (16.4) 6 (11.1) 2 (7.4) <0.001

Note. Values are mean £+ SD unless otherwise stated. One-way ANOVA was used for continuous anthropometric
measurements; the chi-square test was used for low birth weight across BMI categories.

Correlation analysis demonstrated significant positive
relationships between maternal nutritional indices and
neonatal anthropometric measurements. Maternal BMI
showed a moderate positive correlation with neonatal birth
weight (1=0.43, p<0.001). Gestational weight gain had the
strongest correlation with birth weight (r=0.47, p<0.001).

MUAC was positively correlated with birth weight, length,
head circumference, and chest circumference. Maternal
haemoglobin showed weaker but statistically significant
positive correlations with the neonatal measurements (Table
4).
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Table 4. Correlation between maternal nutritional parameters and neonatal anthropometric

measurements
. Birth  weight Birth length 1H¢?d Chest
Maternal nutritional parameter circumference circumference
r (p-value) r (p-value)
r (p-value) r (p-value)

Maternal BMI 0.43 (<0.001) 0.31 (<0.001) 0.29 (<0.001) 0.32 (<0.001)
MUAC 0.39 (<0.001) 0.28 (<0.001) 0.27 (<0.001) 0.30 (<0.001)
Gestational weight gain 0.47 (<0.001) 0.35 (<0.001) 0.31 (<0.001) 0.34 (<0.001)
Maternal haemoglobin 0.22 (<0.001) 0.14 (0.016) 0.18 (0.002) 0.15 (0.009)

Note. Pearson correlation coefficient was used. BMI = body mass index; MUAC = mid-upper arm circumference.

Overall, the findings demonstrated a significant relationship
between maternal nutritional status and neonatal
anthropometric measurements at birth. Higher maternal
BMI, greater MUAC, and higher gestational weight gain
were positively related to birth weight, length, head
circumference, and chest circumference, whereas maternal
underweight was associated with a substantially higher
occurrence of low birth weight.

DISCUSSION
Key findings
The study demonstrated a consistent positive relationship
between maternal nutritional status and neonatal

anthropometric measurements. Maternal BMI correlated
with birth weight (r=0.43, p<0.001), length (r=0.31,
p<0.001), head circumference (r=0.29, p<0.001), and chest
circumference (1=0.32, p<0.001). Gestational weight gain
showed the strongest correlation with birth weight (r=0.47,
p<0.001) and was also associated with length (r=0.35), head
circumference (r=0.31), and chest circumference (r=0.34),
all p<0.001. MUAC showed positive correlations with birth
weight, length, head circumference, and chest
circumference (r=0.39, 0.28, 0.27, and 0.30, respectively; all
p<0.001), while maternal haemoglobin showed weaker but
significant correlations (r=0.14-0.22; p=0.016 to <0.001).
Mean birth weight increased from 2.60 £ 0.39 kg in
underweight mothers to 3.28 + 0.49 kg in obese mothers
(p<0.001), and low birth weight was most frequent among
underweight mothers (38.3%) compared with normal-BMI
(16.4%), overweight (11.1%), and obese mothers (7.4%;
p<0.001). These findings indicate that maternal nutritional
status was associated with multiple dimensions of neonatal
growth, with gestational weight gain showing the strongest
observed relationship with birth weight.

The progressive increase in neonatal birth weight across
maternal BMI categories was supported by mean birth
weights of 2.60 + 0.39 kg in underweight, 2.91 + 0.41 kg in
normal-BM]I, 3.15 + 0.46 kg in overweight, and 3.28 + 0.49
kg in obese mothers (p<0.001); low birth weight occurred in
38.3%, 16.4%, 11.1%, and 7.4% of these groups,

respectively (p<0.001). Underweight mothers delivered
infants with the lowest mean birth weight, while higher
maternal BMI categories were associated with progressively
greater neonatal size. This pattern is consistent with
contemporary evidence demonstrating associations between
low maternal BMI and adverse fetal growth outcomes.',?
Large meta-analyses have also shown that gestational
weight gain below recommended ranges is linked with
small-for-gestational-age birth, low birth weight, and
preterm birth.>—° The present positive correlation between
gestational weight gain and all neonatal measurements
therefore agrees with the broader literature and reinforces
the need to monitor maternal weight longitudinally during
pregnancy.

MUAC showed significant positive correlations with
neonatal birth weight (r=0.39), birth length (r=0.28), head
circumference (r=0.27), and chest circumference (r=0.30),
with p<0.001 for all comparisons. This finding is relevant in
settings where reliable pre-pregnancy weight is often
unavailable. Indian prospective evidence has shown that
maternal MUAC can help identify women at risk of low-
birth-weight delivery,® and data from Cambodia indicate
that lower maternal MUAC is associated with poorer early
infant linear growth.” Earlier anthropometric studies
similarly documented associations between maternal arm
circumference and birth weight,® while classic work on
maternal and neonatal anthropometry demonstrated that
several maternal body measurements correlate with neonatal
size.” Together, these observations support MUAC as a
practical adjunct to BMI and weight gain in antenatal
nutritional assessment.

Maternal haemoglobin showed weaker but statistically
significant positive correlations with birth weight (r=0.22,
p<0.001), birth length (r=0.14, p=0.016), head
circumference (r=0.18, p=0.002), and chest circumference
(r=0.15, p=0.009). This is biologically plausible because
anaemia often reflects inadequate iron status or broader
nutritional disadvantage. Prospective evidence on maternal
undernutrition has linked poor nutritional status with low
birth weight,'® while systematic reviews and meta-analyses
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consistently report increased low-birth-weight risk among
anaemic mothers.'','> Prenatal iron use has also been
associated with improved birth weight,'® and greater dietary
diversity during pregnancy has been related to lower risks of
maternal anaemia, preterm delivery, and low birth weight.'*
The findings therefore favour integrated nutritional
surveillance rather than assessment of isolated
anthropometric or laboratory variables.

Generalizability

The study was conducted in a tertiary-care teaching hospital
serving women from Khammam and surrounding areas, and
the findings are most applicable to comparable hospital-
based obstetric populations in South India. The inclusion of
300 mother—neonate pairs and the use of several maternal
nutritional indicators improve the relevance of the observed
associations. However, extrapolation to community
populations, remote rural settings, or women with
substantially different socioeconomic, dietary, and obstetric
profiles should be undertaken cautiously.

Conclusion

Maternal nutritional status showed a significant relationship
with neonatal anthropometric measurements at birth in this
cohort of 300 mother—neonate pairs. Maternal BMI, MUAC,
gestational weight gain, and haemoglobin were positively
associated with birth weight, length, head circumference,
and chest circumference. Gestational weight gain
demonstrated the strongest correlation with neonatal birth
weight, while maternal underweight was associated with the
highest frequency of low birth weight. These findings
emphasize the value of nutritional assessment during
antenatal care. Early identification of women with low BMI,
reduced MUAC, inadequate weight gain, or anaemia can
support nutritional counselling, dietary improvement,
supplementation, and closer fetal-growth surveillance,
thereby strengthening maternal and neonatal care across
obstetric services.

Limitations

This study was conducted at a single tertiary-care hospital,
which restricts direct extrapolation to all community
settings. Pre-pregnancy weight depended on available

antenatal records, introducing potential measurement
variability. Dietary intake, socioeconomic  status,
micronutrient concentrations, placental factors, and

maternal comorbidities were not analysed in detail. The
observational design identifies associations but does not
establish causality between maternal nutritional indicators
and neonatal anthropometric outcomes.

Rore
Afric

Student’s Journal of Health Research Africa

e-ISSN: 2709-9997, p-ISSN: 3006-1059
Vol.7 No.3 (2026): September 2026 issue
https://doi.org/10.51168/vg66je76
Original Article

Recommendations

Routine antenatal care should include assessment of BMI,
MUAC, serial gestational weight gain, and haemoglobin
rather than relying on a single nutritional indicator. Women
identified as underweight, anaemic, or gaining insufficient
weight  should receive individualized nutritional
counselling, dietary  support, and micronutrient
supplementation. Fetal-growth surveillance should be
strengthened for mothers with persistent nutritional deficits.
Training antenatal-care staff in standardized MUAC and
neonatal anthropometric measurement can improve early
risk recognition. Future multicentre studies should
incorporate dietary assessment, socioeconomic factors,
biochemical nutrient markers, maternal comorbidities, and
gestational-age-specific growth measures to clarify
independent predictors and develop locally applicable risk-
stratification models for neonatal growth outcomes.
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