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ABSTRACT

Early identification of low birth weight (LBW) is critical for reducing
neonatal mortality, particularly in resource-limited settings. This study
aimed to explore the correlation between foot length and other
anthropometric measurements, including gestational age, birth weight,
head circumference and crown heel length, in 200 neonates. Conducted
at Mamata Medical College and General Hospital from August 2022-May
2024, measurements were taken within 72 hours of birth. The majority
of neonates were term (60%) and appropriate for gestational age (AGA)
(85%). Foot length showed a significant positive correlation with
gestational age and birth weight, especially in preterm neonates (r=0.688
for preterm AGA, r=0.542 for term AGA). The highest correlation was
observed between foot length and crown heel length in preterm SGA
neonates (r=0.925). These findings suggest that foot length is a simple,
reliable tool for estimating gestational age and birth weight in neonates,
particularly useful in resource-limited settings and for sick, preterm
infants requiring minimal handling.
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INTRODUCTION

India experiences one of the highest rates of neonatal
mortality, with approximately one million newborn
deaths each year, contributing to a quarter of global
neonatal mortality™?. The country has seen a
significant reduction in neonatal mortality over the
years. Between 1980 and 1990, India’s neonatal
mortality rate (NMR) decreased by 25%, from 69-53
per 1,000 live births. From 1991-2000, the NMR further
declined by 15%, from 51-44 per 1,000 live births and
between 2001 and 2009, it dropped by another 15%,
from 40-34 per 1,000 live births®.

In recent years, India has continued to make progress.
From 2010-2020, the NMR decreased by 25%, from 34-
26 per 1,000 live births. However, there remains a
significant disparity between urban and rural areas,
with rural neonatal mortality rates 50% higher than in
urban areas (42.5 per 1,000 live births in rural areas
compared to 28.5 per 1,000 live births in urban areas),
according to the National Family Health Survey
(NFHS-3)™.

The leading causes of neonatal deaths in India include
prematurity, infections, birth asphyxia and low birth
weight, which account for 35%, 33%, 20% and 12% of
neonatal deaths, respectively®™.

Despite the high neonatal mortality rate, rural India
struggles with inadequately equipped public health
facilities, a shortage of pediatricians and a lack of
essential medical equipment. Birth weight and
gestational age are critical indicators of neonatal
mortality risk. Generally, shorter gestational duration
correlates with higher neonatal mortality and
similarly, lower birth weight is associated with
increased mortality™®.

These challenges highlight the importance of early
identification of low birth weight and preterm infants
in rural settings, where access to medical care is
limited. Timely referral to higher centers for high-risk
neonates is crucial. However, rural areas often lack
essential resources such as trained healthcare staff and
basic equipment like electronic weighing machines™.
This underlines the need for an alternative,
cost-effective method for estimating birth weight and
gestational age that can be easily implemented in
resource-limited settings. The Ballard score is
commonly used to assess gestational age, but it
requires skilled personnel. Numerous studies have
explored substitute measurements for estimating
gestational age and birth weight.

An ideal alternative method should be reliable,
affordable and show a strong correlation with birth
weight and gestational age across various newborn
groups, including preterm, term, post-term, small-for
-gestational-age (SGA), appropriate-for-gestational-age
(AGA) and large-for-gestational-age (LGA) infants'®.
Moreover, this method should be easy to use, even by
less experienced healthcare workers, with minimal

intra-and  inter-observer  variability.  Research
conducted by Resu H et al. found that foot length in
most newborns had a strong correlation with
gestational maturity and birth weight”. The study
concluded that foot length measurement could be an
effective and practical tool for assessing gestational
age and birth weight, particularly in rural areas, where
it can be performed by ASHA and Anganwadi workers
without disturbing the newborn”. The aim was to
study the correlation between foot length and
gestational age in preterm, term and post-term
neonates and to evaluate whether foot length can
serve as a proxy measurement for assessing birth
weight and gestational age.

MATERIALS AND METHODS

The study involved a sample of 200 newborns, selected
through simple random sampling, born at Mamata
Medical College and General Hospital, Khammam,
between August 2022 and May 2024 (a total of 22
months).

Inclusion Criteria:

e All newborns admitted to the postnatal ward and
NICU at Mamata General Hospital, Khammam,
during the study period.

Exclusion Criteria:

¢ Newborns with skeletal deformities of the foot.

e Newborns whose parents declined to provide
consent.

Method of Data Collection: Data was collected using
a standard proforma designed to meet the objectives
of the study.

¢ Head Circumference: Measured using a flexible,
non-stretchable fiber measuring tape. The tape
was positioned around the occipital prominence at
the back, just above the ear lobes on the sides and
just above the supraorbital ridge at the front.
Measurements were recorded with an accuracy of
one millimeter and documented in centimeters.

e Crown-Heel Length: Measured using an
infantometer, with the assistance of another
person to straighten the baby’s lower limbs. The
measurement was recorded in centimeters.

e Gestational Age: Assessed using the modified
Ballard score.

e  Foot Length: Measured using sliding calipers with
millimeter precision. Foot length was measured
from the posterior-most prominence of the heel
to the tip of the longest toe on the right foot.
Gentle pressure was applied to flatten the ventral
surface of the foot during measurement. The
length was documented in centimeters.

e Birth Weight: Measured using an electronic
weighing scale with an accuracy oft5 grams. All
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clothing was removed from the newborn before
weighing. Newborns were classified into preterm,
term and post-term groups based on gestational
age. Newborns with <37 weeks of gestation were
classified as preterm, while those with 42 or more
weeks of gestation were classified as post-term.

Statistical Analysis: The correlation between foot
length and other parameters such as gestational age
and birth weight was analyzed using correlation and
regression analysis. Correlation coefficient (r) and
R-squared (R?) values were derived for the newborns
who were part of the analysis. A p<0.05 was
considered statistically significant. A regression
equation was formulated to predict gestational age
based on foot length in different groups of newborns.
Appropriate statistical tests were applied and the
results were drawn accordingly.

RESULTS AND DISCUSSIONS

This table 3 summarizes the classification of newborns
based on their weight relative to their gestational age,
the distribution of newborns classified as Appropriate-
for-Gestational Age (AGA), Small-for-Gestational Age
(SGA) and Large-for-Gestational Age (LGA). The
majority of newborns (85%) fall under the AGA
category, indicating that their weightis appropriate for
their gestational age. A smaller proportion of
newborns (13%) are classified as SGA, meaning they
have a lower weight than expected for their
gestational age and 2% are classified as LGA, meaning
they have a higher weight than expected.

Table 4: Descriptive istics of Age for Different Groups of Babies
Number Standard 95% CI 95% Cl Upper

Maturity of Subjects Range (kg) Mean (kg) Deviation (kg) Lower Bound Bound
Preterm SGA 8 0.7-1.8 1.4063 0.38026 1.0883 1.7242
Preterm AGA 51 1.25-2.8 2.1088 0.43666 1.986 2.2316
Preterm LGA 1 33 33 0 0 0
Term SGA 15 2-2.2 2.14 0.09103 2.0896 2.1904
Term AGA 103 2436 2.817 0.28949 2.7604 2.8736
Term LGA 2 3.8-3.85 3.825 0.03536 3.5073 4.1427
Post-term SGA 3 2.4-2.7 2.5333 0.11547 2.2465 2.8202
Post-term AGA 16 2.1-35 3.0563 0.23656 2.9302 3.1823
Post-term LGA 1 4.25 4.25 0 0 0
Total 200 0.7-4.25 2.8263 0.176092 1.8454 2.1294

Table 1: Distribution of Newborns by Birth Weight and Gender

Male Female Total
Birth Weight (kg) Number % Number
<25 34 34% 30
2.5-35 64 64% 68
>3.5 2 2% 2
Total 100 100% 100

The table 1 presents the distribution of 200 newborns
by birth weight and gender. The majority of newborns
(66%) had a birth weight between 2.5-3.5 kg, indicating
a normal birth weight range, with a slightly higher
percentage among females (68%) compared to males
(64%). About 32% of the newborns weighed<2.5 kg,
classified as low birth weight, with a slightly higher
percentage in males (34%) compared to females (30%).
Only a small proportion (2%) had a birth weight
exceeding 3.5 kg, with an equal distribution between
males and females.

Table 2: Classification of Newborns by Maturity

Maturity Status Number Percentage
Term 120 60%
Preterm 60 30%
Post-term 20 10%

Total 200 100%

The above table 2 shows the distribution of newborns
based on their maturity status term, preterm and
post-term. The majority (60%) of the newbornsisterm,
30% are preterm and 10% are post-term. This indicates
that most newborns were born at full term, while
smaller percentages were either born prematurely or
after the expected delivery date.

Table 3: Classification of Newborns by Weight-for-Gestational Age

Classification Number Percentage
AGA 170 85%

SGA 26 13%

LGA 4 2%

Total 200 100%

The table 4 presents the descriptive statistics of birth
weight across different maturity groups of newborns,
categorized as preterm, term and post-term and
further divided into small-for-gestational-age (SGA),
appropriate-for-gestational-age (AGA) and large-
for-gestational-age (LGA) categories. It shows the
number of subjects in each group, the birth weight
range, mean birth weight, standard deviation and 95%
confidence intervals. The mean birth weight ranges
from 1.4 kg in the preterm SGA group to 4.25 kg in the
post-term LGA group. The table highlights that term
AGA babies had an average birth weight of 2.82 kg,
with preterm and post-term groups having lower and
higher averages, respectively. Standard deviations
indicate variability within groups and confidence
intervals provide the range where the true mean is
likely to fall.

Table 5: Correlation Between Foot Length and Other Variables for Preterm

AGA
Anthropometric Number of
Variables Subjects Correlation (r) R-square (r2)
Gestational age (weeks) 51 0.688 0.473
Birth weight (kg) 51 0.708 0.501
Head circumference (CMS) 51 0.701 0.491
Crown heel length (CMS) 51 0.724 0.524

From this table 5, it could be observed that the foot
length correlated significantly (p<0.05) with gestational
age, birth weight and head circumference and crown
heel length. Correlation coefficient (r-value) of all the
parameters was highly positive. Maximum correlation
was observed with Crown heel length (r=0.724) which
indicates strong positive association between them.

This scatter diagram figure 1 of the preterm AGA group
shows correlation of foot length and other parameters
like gestational age, birth weight, head circumference
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and crown heel length. It is evident from the figure
that the foot length correlated significantly with all the
variables. Maximum correlation was with crown heel
length (r=0.724).
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Fig. 1: Scatter Diagram of the Preterm AGA Group
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Fig. 2: Scatter Diagram of the Preterm SGA Group

This scatter diagram fig 2 of the preterm SGA group
shows correlation of foot length and other parameters.
This figure shows significant correlation of foot length
with all the four parameters, maximum being with
Crown heel length (r = 0.925).
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Fig. 3: Scatter Diagram of the Term AGA Group

This scatter diagram (Figure 3) shows correlation of
footlength and othervariablesinterm AGA group. Foot

length correlated significantly with all the variables,
maximum being with birth weight (r-0.597).
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Fig. 4: Scatter Diagram of the Term SGA Group

This scatter diagram (Figure 4) shows correlation of
foot length and other parameters like gestational age,
birth weight, head circumference and crown heel
length interm SGA group of babies. It can be observed
that foot length correlated significantly with all the
parameters. Maximum correlation was with Crown
heel length (r=0.765).

Table 6: Correlation Between Foot Length and Other Variables for Post-Term

SGA
Anthropometric Number of R-square
Variables Subjects Correlation ® (r2) P-value
Gestational age (weeks) 3 0.189 0.035 0.439
Birth weight (kg) 3 1 1 0.00
Head circumference (CMS) 3 0.419 0.175 0.362
Crown heel length (CMS) 3 0.189 0.032 0.439

From this table 6, it could be observed that foot length
correlated (p<0.05) only with birth weight (r=0.434).
There was no correlation between foot length and
other variables.

Table 7: Regression Equation of Gestational Age on Foot Length

Maturity Dependent variable Regression equation
Preterm AGA Foot length GA=10.6+3.5FL
Preterm SGA Foot length GA=18.6+3.5FL
Term AGA Foot length GA=29.29+1.13FL
Term SGA Foot length GA=30.51+0.81FL
Term LGA Foot length GA=34.98+0.39FL
Post-term AGA Foot length GA=39.65+0.63FL
Post-term SGA Foot length GA=37.56+0.28FL

The regression equation for gestational age was
derived with foot length as the dependent variable and
gestational age as the independent variable.

The early identification of low birth weight (LBW)
babies is crucial to reduce neonatal mortality,
especially in developing countries like India. Due to the
limited availability of sophisticated equipment and the
need for minimal handling of sick neonates, foot length
has emerged as a simple, non-invasive anthropometric
measurement that can be used as a proxy for birth
weight and gestational age. The present study explored
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the correlation of foot length with gestational age,
birth weight, head circumference and crown heel
length in 200 neonates.

In the study, 60% of the neonates were term, 30%
preterm and 10% post-term. The majority (85%) were
classified as appropriate for gestational age (AGA),
with 13% being small for gestational age (SGA) and 2%
large for gestational age (LGA). These findings are
consistent with previous studies such as those by
Saroj®® who reported similar distributions among term
and preterm neonates. Additionally, the birth weight
range in the current study (0.7-4.25 kg) and the mean
birth weight of 2.82 kg were comparable to other
studies, such as those by Huque'™ and Hossain"'%, who
found mean birth weights of 2.679 kg and 3.5 kg,
respectively.

The study showed that foot length correlated
significantly with gestational age and birth weight, with
preterm neonates displaying a stronger correlation
(r=0.688 in preterm AGA and r=0.868 in preterm SGA)
than term neonates (r=0.542 in term AGA and r=0.459
in term SGA). This finding aligns with research by
Gohil™, who also reported significant correlations
between foot length and other body measurements in
preterm and term neonates.

In particular, foot length had the highest correlation
with birth weight in preterm SGA neonates (r=0.861),
which is consistent with findings from James™ and
Kulkarni™®, who demonstrated strong correlations
between foot length and birth weight in preterm
neonates. The present study also found significant
correlations with crown heel length and head
circumference, especially in preterm and term
neonates, with the highest correlation in preterm SGA
neonates for crown heel length (r=0.925).

The study's results support the use of foot length as a
reliable proxy for assessing gestational age and birth
weight in neonates, especially in resource-limited

unavailable, aiding in the early identification of LBW
babies and potentially improving neonatal outcomes.
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