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Abstract

Introduction: A large number of babies born in India and many developing countries are born at home and majority of
them have no access to scales or other means by which they can be identified as LBW. The aim of our study was to
determine the correlation of chest circumference and foot length with birth weight and gestational age and to determine
the most sensitive and specific cut-off values for detection of Low birth weight and preterm babies using foot length and
chest circumference. Methods: This was a prospective observational study done at a tertiary care centre in south India.
We analyzed 1000 newborn babies within 24 hours of birth. For each baby we measured 1. chest circumference (CHC),
2. Foot length (FL), 3. Weight (BW) and 4. Gestational age (GA). Babies were classified according to GA (pre-
term/term) and BW (kg) as Very Low Birth Weight (VLBW) (<1.5kg), Low Birth Weight (LBW) (1.5-2.5kg) and
Normal Birth Weight (NBW) (>2.5kg). Results: Significant positive correlation of 0.921 was found between FL. and BW
(p<0.001). The two ROC curves for FL. and CHC were close to each with AUC 0.982 and 0.969 respectively and
difference in the areas was statistically significant (Z = 4.303, p < 0.0001) which suggested that FL was better indicator
of BW. FL <= 6.4cm predicts VLBW; between 6.4cm and 7.3cm predicts LBW and > 7.3cm predicts NBW. For
estimating preterm birth FL cut off was <=7.1cm. Conclusion: FL and CHC both can be used as predictor for BW and
GA estimation and FL. was more appropriate than CHC considering its ease of measurement also. Screening of babies
who are in need of extra care can be done using our cut off values and this can help in reducing neonatal mortality by
early referrals.

Keywords: Chest circumference, Foot length, Preterm, LBW-low birth weight, NBW- normal birth weight, NICU-
neonatal intensive care unit, VLBW-very low birth weight.

Introduction

Globally, the main direct causes of neonatal deaths are 2013 but still preterm birth/LBW complications

estimated to be preterm birth (28%), severe infections
(26%), and asphyxia (23%). Low birth weight (LBW) is
an important indirect cause of death [1]. Birth weight is
the single most important predictor of neonatal
mortality in developing countries.

About 0.75 million neonates die every year in India, the
highest for any country in the world. However, the
neonatal mortality rate (NMR) has declined from 52 per
1000 live births in 1990 to 28 per 1000 live births in
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(43.7%) are the leading cause of neonatal mortality
followed by infections (20.8%) and intrapartum related
(19.2%) complication [2]. Low birth weight is
associated with high risk of infections, difficult
breathing, hypothermia and feeding problems.

A large number of all babies born in India and many
developing countries are born at home and the majority
of communities have no access to weighing scales by
which the baby can be identified as low birth weight
which might need extra care at home or referral to
NICU. It is important to identify these high-risk babies
in order to prevent neonatal deaths. Deaths could be
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reduced with low cost interventions that focus on
keeping the baby warm, hygiene, breast feeding
support, early identification and management of illness
in the first days and weeks of life [3,4].

Therefore, efforts have been made to identify more
easily measured anthropometric surrogates for birth
weight which are low cost and usable by community
health workers.

Six separate research studies from UK, India, Nepal and
Taiwan have reported that newborn foot length can be
used as a screening tool for small babies however their
cut-off points varied for different contexts and
geographical areas [5-10].

There is therefore need for a study to identify the most
appropriate anthropometric surrogate for LBW and its
cut-off in Indian population.

The aim of our study is to determine the correlation of
chest circumference and foot length with birth weight
and gestational age and to determine the most sensitive
and specific cut-off values for detection of low birth
weight and preterm babies using these parameters.

Material and Methods

Study type- Prospective observational study
Place of study —tertiary care hospital, Tirupati (A.P.)

Inclusion criteria- All the babies born in our hospital
and those coming for care to Paediatric department
within 24 hrs of life were included in the study.

Exclusion criteria- Babies with poor health conditions,
which were in need of emergency care and those with
congenital malformations, were excluded from the
study.

Sample collection- We analysed 1000 newborn babies
from May 2017 to May 2018. Informed written consent
was obtained from the mothers and relatives before
their babies were measured. For each recruited baby,
the following measurements were done within 24 hours
after birth.

Results

Original Research Article

1.Chest circumference (CHC) - at the level of
xiphisternum with a standard measuring tape (COW
HEAD BRAND).

2. Foot length (FL) — taken from heel to great toe of
right foot with a transparent plastic ruler.

3. Weight (BW) of all babies was done in kilograms
using digital weighing machine.

4. Gestation was analysed using new ballard score as
preterm (<37 weeks) and full term (>37weeks) [24]. All
measurements were done with appropriate aseptic
precautions.

The measurements were done in centimetre to one
decimal place. The measurements were done by two
trained doctors separately for each child and average of
two readings was written as final value.

Ethical approval was taken from institutional ethical
committee.

Data was entered in prescribed format. All the 1000
new born babies were classified according to gestation
period (pre-term/term) and birth weight (kg) viz., Very
Low Birth Weight (VLBW) (<1.5kg), Low Birth Weight
(LBW) (1.5-2.5kg) and Normal Birth Weight (NBW)
(>2.5kg).

Statistical analysis-Data on FL, CHC and BW was
summarized as mean and standard deviation (SD) in the
three BW groups and compared by one-way Analysis of
Variance (ANOVA). The correlation of FL. with CHC
and BW was found to examine the strength of linear
relationship among these variables.

The functional relationship between BW and FL was
obtained using linear regression. ROC curve analysis
was used to find the optimal cutoff on FL and CHC,
sensitivity, specificity, Area under the Curve (AUC)
and the Likelihood Ratio (LR). Results with p < 0.05
were considered as significant. All the computations
were carried out using IBM SPSS version 20.0 and
ROC curve analysis was done using MedCalc version
15.0.

Among the 1000 babies in our study 597 were male (M) and 403 were female (F) while 303 were pre-term and 697 were
term. 632 babies were NBW (BW >2.5kg), 274 were LBW (1.5-2.5kg) and 94 were VLBW (<1.5kg). No significant
association was found between gestational age and gender of the baby (p = 0.334 by Chi Square test). Table-1 shows the

category wise summary of FL, CHC and BW.
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Table-1: Summary statistics of different measurements.
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Mean + Standard Deviation
Measure- Range All babies VLBW LBW NEW p-value*
ment (Min — Max) (n =1000)
(n=94) (n=274) (n=632)

FL (4.30 - 8.60) 7.39+0.73 5.93+048" 6.88 £0.28" 7.82+£0.39 <0.001
CHC (19.0 -39.00) 20.73+£3.50 | 22.84+1.86" | 27.44+2.15" | 31.75+1.88 <0.001
BW (0.65 -4.50) 2.54 +£0.69 1.18 £0.18" 2.04£0.30° 2.96 £0.37 <0.001

“"Mean in the group differs significantly from the mean of NBW, by Dunnet’s multiple comparison test
* The F-values for FL, CHC and BW are 1110.85, 1383.30 and 1566.00 respectively

Significant positive correlation of 0.921 was found between FL and BW (p<0.001). CHC and BW also had a significant
positive correlation of 0.921(p < 0.001). The scatter diagrams in Figure-1 shows the nature of relationship between the
measurements.
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Figure-1: Scatter chart showing the relation
between birth weight and foot length. BW versus FL.

Linear regression of BW on FL was given as BW = -4.08 + 0.89*FL and the model has R* = 0.908 (p< 0.001). It means
90% of BW can be predicted by this formula using FL. The change in BW due to one cm change in FL was 0.89kg.

Optimal cutoff and sensitivity of FL

The utility of FL as a surrogate marker to distinguish between normal and low birth weight babies was carried out by
using Receiver Operating Characteristic (ROC) curve analysis taking only two categories NBW and LBW (including
VLBW).

Table-2: Optimal Cutoff and sensitivity statistics.

Measurement | Cutoff | LBW | NBW AUC Sn (%) | Sp(%) | +LR -LR Odds
95% CI) Ratio
L <=73 360 76 0.982 97.83 87.97 8.14 | 0.025 | 325.6
>17.3 8 556 [0.96 - 0.988]
CHC <=28.5 | 307 20 0.969 83.42 96.84 264 | 0.17 155.3
>28.5 61 612 [0.96 - 0.978]
S, = Sensitivity, S, = Specificity, +LR = Positive Likelihood Ratio, -LR = Negative Likelihood Ratio.

Since FL with cutoff <= 7.3cm has higher AUC than that of CHC it is a better marker for predicting birth weight. Further
it can detect 97.8% of true low birth babies. Further the +LR = 8.14 suggests that babies with FL <= 7.3 were 8 times
more likely to be LBW than those with FL > 7.3 (Table 2). On the other hand, CHC<= 28.5 cm had a sensitivity of only
83.4% which means 16.6% low birth babies would go undetected by this screening. Hence FL is better than CHC. The
ROC curves to predict BW using CHC and FL as surrogate marker is shown in Figure-2.
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Figure-2: Comparison of ROC curves

The two ROC curves were close to each with AUC 0.982 and 0.969 for FL. and CHC respectively. However the
difference in the areas was statistically significant (Z = 4.303, p <0.0001) suggesting that FL. was better marker of BW.

Among the 632 babies who were <2.5Kg, we determined the cutoff value on FL to distinguish between VLBW (<1.5Kg)
and LBW (1.5-2.5 Kg) using ROC curve analysis. The cut off was FL <= 6.4cm with sensitivity of 89.4% and specificity
of 91.2% and AUC 0.972. The positive and negative LRs are 10.2 and 0.12 respectively. The estimated prevalence of
VLBW among the LBW babies was 25.5%. The positive LR indicates that babies with FL <= 6.4cm have 10 times more
odds (likelihood) of becoming VLBW than those above 6.4cm.

Hence, FL <= 6.4cm predicts VLBW; between 6.4cm and 7.3cm predicts LBW and > 7.3cm predicts NBW.
FL as a marker to predict gestation- The mean FL in the pre-term babies was 6.56cm (SD = 0.57) while the babies
delivered on completing the term it was 7.74cm (SD = 0.45) and the difference was significant (t = 35.2, p <0.0001). So,

FL could also be a surrogate marker to predict pre-term delivery. The optimal cutoff was FL <= 7.1cm to classify as Pre-
term. ROC curve analysis shows AUC = 0.962 with 91% sensitivity and 90% specificity as shown in Figure-3.
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Figure-3: ROC curve to predict gestation.

Discussion

Many previous studies showed that the anthropometric Vishnu Datt Pandey et al concluded that even foetal
measurements like Head circumference, Chest foot length was a good marker for gestational age using
circumference, Thigh circumference and Mid upper arm ultrasonography especially in cases of femur
circumference and foot length can be used as a predictor achondroplasia, dolichocephaly or brachycephaly and in
of LBW. Most of these studies concluded that foot cases where mothers were not sure about their last
length and chest circumference were better predictors of menstrual period [14]. Two other studies supported
birth weight as compared to other measures but cut offs these findings [15, 16]. Hence we analysed only foot
were different based on geographical area of study length and chest circumference and found cut off values
[11,12,13]. for predicting birth weight and gestational age.
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Kulkarni et al. found that 42.3% babies were below
2500 g and 12.3% below 2000 g whereas in the present
study, 36.8% were <2.5kg and 9.4% were <1.5kg [17].

Elizabeth et al. (2013) studied706 newborns and
measured their foot length, head, chest, thigh and mid-
upper arm circumferences. Foot length had the highest
predictive value for low birth weight (AUC = 0.97)
followed by mid-upper arm circumference (AUC
=0.94).

Foot length and chest circumference had the highest
sensitivity (94%) and specificity (90%) respectively for
screening low birth weight babies. A cut-off of foot
length 7.9 cm had sensitivity of 94% and specificity of
83% for predicting low birth weight. Cut off for CC was
31.0 cm in their study [18].

Similar results were obtained in our study with FL
having higher AUC (0.982) as compared to CHC with
sensitivity of 97.83% and specificity of 87.97% for
predicting <2.5kg. The cutoff of FL in our study was
7.3cm and the cutoff of CHC was 28.5cm for predicting
LBW. A hospital-based study done in Udaipur, India
also found that foot length less than 7.2 cm was the cut-
off to identify LBW babies (<2500 gm) [9].

However LC Mullany et al. concluded that compared to
the use of foot length, classification rules based on chest
circumference measures were more sensitive and
specific for identifying LBW infants [8]. Another study
done by Dhananjay B et al, found the highest
correlation of birth weight with chest circumference (r =
0.70). and also, maximum sensitivity of detecting low
birth weight was seen with chest circumference
(94.26%) [19]. The cut off for CHC in Nepal was 30.8
cm and in Iran it was 31.2 cm [21,22].

One Indian study done by Satarupa Mukherjee et al.
(2013) at Kolkata found that for identification of LBW
babies (<2500 gm), foot length less than 7.85cm had
100% sensitivity and 95.3% specificity. Foot length less
than 6.85 cm had 100% sensitivity and 94.9%
specificity for identification of VLBW babies (<1500
gm). However, the cut off for VLBW was 6.4cm in our
study with sensitivity of 89.4% and specificity of 91.2%
[23].

A similar study done by Hirve et al. with 89 babies in
Pune, India had found foot length less than 6.3 cm for
VLBW babies with a sensitivity of 100% and
specificity of 95.2 %. They had devised a tri-colour foot
tape for use at home by the neonatal caretaker i.e.
mother or birth attendant [7].
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We also found that FL can also be a surrogate marker to
predict pre-term delivery. The optimal cutoff was FL
<= 7.lcm to classify as Pre-term. ROC curve analysis
showed AUC = 0.962 with 91% sensitivity and 90%
specificity. This was however different from similar
study done by S. Mukhrjee et al where Foot length <8
cm was 93.5% sensitive and 75.3% specific for preterm
identification [23].

Similar to our study, Anshuman Srivastava et al. (2015)
found that gestational age and foot length also showed a
positive correlation with a correlation coefficient of
0.99 and Foot length of 7.37 cm can be used as a cut-
off point for differentiating between term and preterm
babies [25].

The strength of our study was the large sample size.
However, the Ilimitation was that we did all
measurements within 24 hrs of life and we did not test
the usefulness of these measures after day 1 in
identifying LBW or gestational age.

A study in Uganda however showed that HC and CHC
could be measured in the first 2 weeks of life and
extrapolated to estimate the measurements at the day of
birth [26].

Conclusion

We concluded that both foot length and chest
circumference can be used as predictors for birth weight
and gestational age estimation but foot length was more
appropriate than chest circumference, because of its
high predictive value and ease of measurement without
increasing the risk of exposure and infection. FL <=
6.4cm predicts VLBW; between 6.4cm to 7.3cm
predicts LBW and > 7.3cm predicts NBW. For
estimating preterm birth FL cut off was <=7.1cm.
Screening of babies which are in need of extra care can
be done using our cut off values and this can help in
reducing neonatal mortality by early referral of preterm
and VLBW babies

What is already known- Various anthropometric
parameters like foot length and chest circumference,
can be used to predict birth weight of newborn babies,
however the cut off varies between different
geographical areas.

What this study adds- Foot length is more sensitive
and specific than chest circumference in predicting birth
weight and gestational age of newborn babies and the
cut offs described in our study can be used in south
India.
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