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Abstract
Background—Classification of infants into low birth weight (LBW, <2500 g) or very low birth
weight (VLBW, <2000 g) categories is a crucial step in targeting interventions to high-risk infants.

Objective—To compare the validity of chest circumference and foot length as surrogate
anthropometric measures for the identification of LBW and VLBW infants.

Subjects and setting—Newborn infants (n = 1640) born between March and June 2004 in 30
Village Development Committees of Sarlahi district, Nepal.

Design—Chest circumference, foot length and weight (SECA 727, precise to 2 g) of newborns were
measured within 72 h after birth. The sensitivity, specificity and predictive values for a range of
cutoff points of the anthropometric measures were estimated using the digital scale measurements
as the gold standard.

Results—Among LBW infants (469/1640, 28.6%), chest circumference measures <30.3 cm were
91% sensitive and 83% specific. Similar levels of sensitivity for foot length were achieved only with
considerable loss of specificity (<45%). Foot length measurements <6.9 cm were 88% sensitive and
86% specific for the identification of VLBW infants.

Conclusion—Chest circumference was superior to foot length in classification of infants into birth
weight categories. For the identification of VLBW infants, foot length performed well, and may be
preferable to chest circumference, as the former measure does not require removal of infant swaddling
clothes. In the absence of more precise direct measures of birth weight, chest circumference is
recommended over foot length for the identification of LBW infants.
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Introduction
Birth weight is the single most important predictor of neonatal mortality in developing
countries (Save the Children Federation, 2001). Although little progress has been made in
recent decades to reduce global rates of low birth weight (LBW, <2500 g), available evidence
suggests that improved care of LBW infants may substantially improve survival (Bhutta et
al., 2005; Darmstadt et al., 2005a). In resource-poor settings where most infants are born in
the home, effective community-based interventions may be targeted to LBW babies and will
likely be delivered by minimally trained community health workers (CHWs) or traditional birth
attendants. In order for targeted interventions to be practical, methods for the identification of
LBW infants in the home must be low cost and usable by CHWs.

In these settings, few infants will have birth weight measured in a health facility and accurate
scales are rarely available in the community. Therefore, efforts have been made to identify
more easily measured anthropometric surrogates for birth weight. A number of studies have
focused on measuring the circumference of the head, chest, mid upper-arm, thigh or calf and
observed the correlation with continuous measurements on a gold standard weighing scale
(Bhargava et al., 1985; Ramji et al., 1986; Singh et al., 1988; Ngowi et al., 1993; WHO
Collaborative Study of Birth Weight Surrogates, 1993; Raymond et al., 1994; Arisoy and
Sarman, 1995; Kapoor et al., 1996; Dhar et al., 2002; Naik et al., 2003). In general, chest
circumference has performed better than other measures and has been recommended for
continued investigation (ACC/SCN, 2000), although investigators have demonstrated
correlations between birth weight and mid upper-arm circumference (Sauerborn et al., 1990),
calf (Gupta et al., 1996; Samal and Swain, 2001) or thigh (Sharma et al., 1989) that are as
strong as with chest circumference.

Studies of neonatal foot length have mainly examined the utility of this measure as a surrogate
for crown-to-heel length and birth weight to facilitate estimates of body surface area for use
in dosing regimens (James et al., 1979; Mathur et al., 1984; Gohil et al., 1991). Only rarely
have measurements of foot length and birth weight been directly compared (Daga et al.,
1988), or specific cutoffs for foot lengths been evaluated as a method to identify LBW babies
(Daga et al., 1988; Hirve and Ganatra, 1993). Like chest circumference, it is easier to sight the
line of measurement when determining foot length compared with mid upper-arm, calf or thigh
circumference. Foot length measures can also be performed without exposing the infant to
hypothermia risk.

Although the proposed implementation context for these surrogates is the community, with
few exceptions (Hirve and Ganatra, 1993; Hossain et al., 1994) studies of anthropometric
surrogates have been conducted in hospitals. These studies likely overestimated the correlation
between these surrogate measures and birth weight because they used limited numbers of
highly trained personnel (Bhargava et al., 1985; Sharma et al., 1989; Huque and Hussain,
1991; Walraven et al., 1994; Arisoy and Sarman, 1995; Ahmed et al., 2000). Furthermore,
infants born and/or measured in hospitals may not be representative of those born in the
community.

Most neonatal deaths occur in the community (Lawn et al., 2005) and some interventions,
including vitamin A supplementation (Rahmathullah et al., 2003), newborn skin cleansing with
chlorhexidine (Tielsch et al., 2005) and topical emollient therapy (Darmstadt et al., 2004,
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2005b), may be targeted preferentially to LBW infants to reduce mortality risk. Thus, continued
efforts are required to describe optimal methods for identifying these high-risk infants in the
community. In Sarlahi district of South-central Nepal, in the flatlands close to the Indian border,
95% of infants are born in the home and approximately 30% are LBW (Christian et al.,
2003; Tielsch et al., 2005). In this district, a large community-based trial studied the effect of
newborn skin and umbilical cord cleansing with chlorhexidine (Tielsch et al., 2005; Mullany
et al., 2006b). Further collection of birth weights with a high-precision digital neonatal scale
provided an opportunity to compare the utility of foot length and chest circumference as
surrogates for identifying LBW infants in the community.

Methods
This study was carried out by the Nepal Nutrition Intervention Project, Sarlahi (NNIPS). The
NNIPS surveillance area consists of 30 Village Development Committees, in Sarlahi district
of Southern Nepal. The predominately rural farming communities of this district share cultural,
social and economic characteristics common to a large area of northern India, Northwestern
Bangladesh and Southern Nepal. The population is composed mostly of peasant farmers or
laborers and their families and is considered a poor area even in Nepal with almost three-fourths
of the population below the poverty line (Pradhan et al., 1999). Over 95% of infants are born
in the home without the assistance of skilled birth attendants. Throughout the parent trial,
women were enrolled and followed during pregnancy, and newborn infants were visited in the
home periodically during the neonatal period by non-medical field workers. At the first home
visit after delivery, birth weight was collected as a comparative measure of neonatal mortality
risk across treatment groups. Weight was measured using a digital scale with precision of 2 g
(SECA Digital Scale Model 727).

Before the study, all workers (n = 11) were trained in conducting the anthropometric
measurements using a pictorial manual, demonstrations and practice measurements with a
group of 10 infants. Additionally, all workers were observed directly and given constructive
feedback and advice by one of the authors (LCM) during the first week of household visits.
Between March and June 2004, workers additionally explained the procedures and aims of the
anthropometrical surrogates study, and informed consent was obtained.

Chest circumference was measured to the nearest 0.1 cm at the level of the nipples during mid-
stage of expiration of breath, using an insertion tape (Ross Laboratories, Colombus, OH, USA)
In order to measure foot length, the worker placed the newborn's right heel on a stabilizing
board, with the sole of the foot pressed flat against a vertical rule. A sliding level with fiberglass
view-window was depressed until the tip of the infant's toe touched the window. At that point,
the level was secured and the worker recorded the level (to the nearest 0.1 cm) of the window
relative to the vertical rule. Both anthropometric measures were repeated three times; the
median of the three measurements for each of the anthropometric indicators was used in
analyses. Lastly, the workers weighed the infants using the gold standard digital scale. Before
each measurement, the scale was calibrated using reference weights of 1000 and 1100 g.

The eligible sample consisted of all infants enrolled in the parent trial from March to June
2004. The required sample size (n = 1070) was based on the number of infants necessary to
estimate sensitivity of a priori cutoffs for foot length or chest circumference to within 5%.
Assumptions included a 30% prevalence of LBW (based on data from the previous year), type
I error equal to 5% and a minimum sensitivity of 70%.

Data were entered into a SQL Server 7.0 (Microsoft Corp., Redmond, WA, USA) database
and analyzed using Stata version 8.0 (StataCorp., College Station, TX, USA). Only infants
with data for the digital scale and both of the anthropometric measures collected within 72 h

Mullany et al. Page 3

Eur J Clin Nutr. Author manuscript; available in PMC 2008 April 23.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



of birth were included in the analysis. For the first set of analyses, infants were defined as LBW
if the gold standard weight measurement using the digital scale was <2500 g. For each infant,
this binary variable (normal vs LBW) was created from the continuous weight measurements
recorded using the gold standard digital scale. Over a range of a priori selected cutoffs for foot
length and chest circumference, each newborn was again classified as LBW or normal and the
two binary variables were compared. Sensitivity, specificity, and positive and negative
predictive values were estimated over the range of cutoff values for both neonatal foot length
and chest circumference. The initial criterion for selecting the optimal cutoff value was that
which maximized the average of sensitivity and specificity. This can also be interpreted as the
value that maximized the probability that the surrogate measure would distinguish between
LBW and normal infants (Hanley and McNeil, 1982). Cutoff values near this point, however,
were also considered for selection, as slightly more importance can be placed on identifying
LBW infants (i.e. sensitivity may be more important than specificity).

These analyses were repeated, using very low birth weight (VLBW) as the weight cutoff. Here,
infants were defined as VLBW if the gold standard digital scale measure was <2000 g, and
over a range of cutoffs for foot length and chest circumference, the anthropometric surrogates
and the gold standard weight classification were compared. Throughout this paper, the term
LBW refers to all infants <2500 g (including those <2000 g), whereas the term VLBW refers
to all infants <2000 g.

Time of birth and time of measurement of the anthropometric surrogates and birth weight were
also recorded. As the age at measurement varied within the first 3 days of life, a stratified
analysis (<24 vs 24−72 h) of the utility of these surrogate measures in identifying weight class
was also conducted.

Approval for this study was obtained from the Nepal Health Research Council of the Ministry
of Health/Nepal and the Committee on Human Research of the Johns Hopkins Bloomberg
School of Public Health.

Results
Between 5 March and 30 June 2004, 1890 infants were born in the study area and were eligible
for enrollment in the study. Among these, the mothers of nine infants declined to participate,
and data for chest circumference, foot length or both were missing for 10. Of the remaining
1871 infants, weight data were missing for four infants, 55 were measured with a backup digital
scale with reduced precision and 172 were older than 72 h when measurements were collected.
The remaining 1640 (87.7%) infants were included in the data analysis. The range of the three
measurements taken for each infant was calculated to assess the repeatability of the measures.
For chest circumference and foot length, the within-infant range of measures was ≤0.2 cm in
97.5 and 98.4% of infants, respectively.

According to the scale measurements, there were 469 infants with birth weight <2500 g, for a
total LBW prevalence estimate of 28.6% (95% confidence interval (CI): 26.4−30.9%). Of these
LBW infants, 80 were <2000 g (4.9% (95% CI: 3.9−6.0%)). There were approximately equal
numbers of male (50.1%) and female (49.9%) infants, and the mean and median age at
measurement was 20.4 and 17.6 h, respectively. A summary of birth weight and anthropometric
characteristics (mean, median and range of chest circumference and foot length) for normal,
LBW (including VLBW) and VLBW infants are shown in Table 1.

The gold standard digital scale weights were plotted against the chest circumference and foot
length measures as shown in Figure 1a and b, respectively. The sensitivity, specificity, and
positive and negative predictive values for classifying infants into LBW status for a range of
cutoffs of chest circumference and foot length are shown in Table 2. Only values for chest
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circumference where both sensitivity and specificity exceed 70% are included. The chest
circumference value that maximized the average of sensitivity and specificity was 30.2 cm.
For a cutoff rule of 30.3 cm, however, chest circumference was 91% sensitive and 83% specific
for classification of LBW in this sample. To achieve greater than 95% sensitivity, however,
all infants with chest circumference values less than 30.7 cm had to be included, resulting in
concomitant decreases in specificity (<75%) and positive predictive value (<60%). Similarly,
the optimal cutoff value for foot length was 7.1 cm, and if increased beyond 7.2 cm (81%
sensitive, 69% specific), the specificity of LBW categorization was considerably impacted
(≤56%). In order to reach the same level of sensitivity as the optimal chest circumference cutoff
of 30.3 cm, the cutoff for foot length had to be increased to 7.4 cm, but this resulted in substantial
loss of specificity (<45%).

A similar analysis of sensitivity, specificity and predictive values for chest circumference and
foot length cutoffs for identifying infants <2000 g is shown in Table 3. Positive predictive
values quickly decrease with small deviations from 100% specificity, because of the low overall
prevalence of VLBW. Within the selected range, the optimal cutoff for chest circumference
was <28.4 cm. At this value, both sensitivity and specificity was high (95 and 94%,
respectively). A cutoff of 6.9 cm for foot length identified 88% of infants <2000 g with high
specificity (86%).

Non-parametric receiver operating characteristic (ROC) analyses were conducted to compare
the overall utility of foot length and chest circumference. ROC curves for the identification of
LBW infants for both anthropometric measures are displayed in Figure 2. The overall area
under the curve for chest circumference was significantly higher than for foot length (0.95 vs
0.85, respectively, P<0.0001). For the identification of infants <2000 g, chest circumference
was again superior to foot length (area under the curve = 0.99 vs 0.93), although the difference
between the curves for VLBW infants was less, and the estimated area under the curve was
relatively high for both surrogates. These curves are consistent with data provided in Tables 2
and 3, and demonstrate that both surrogate measures are more useful for distinguishing between
VLBW and non-VLBW infants than between LBW and non-LBW infants.

There were 1162 (71%) infants measured within the first 24 h of life. Results stratified by age
at measurement are shown in Table 4. The sensitivity and specificity of chest circumference
at the optimal cut-points described above, and the overall area under the ROC curve, are similar
across the age groups for both LBW and VLBW identification. For foot length, the similarity
between age groups holds true for the identification of LBW, whereas the validity of the
surrogate measure may be decreased in the older infants when identifying VLBW. There was
insufficient power, however, to detect this difference statistically.

Conclusions
Unlike data from most previous studies of anthropometric measures that have been hospital
based, data in this study were collected among newborns within the home and were restricted
to infants less than 72 h of age. These data from over 1600 infants demonstrate that neonatal
chest circumference measures collected in a low-resource community can be utilized to
establish cutoffs for identifying LBW infants with a balance of high sensitivity and specificity.
Furthermore, compared to the use of foot length, classification rules based on chest
circumference measures were more sensitive and specific for identifying LBW infants. The
superior performance of chest circumference over foot length is in line with the conclusions
of previous studies that chest circumference is the optimal anthropometric measure for
establishing cutoffs for the identification of LBW infants (WHO Collaborative Study of Birth
Weight Surrogates, 1993; Walraven et al., 1994; Naik et al., 2003).
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Chest circumference measures were also superior to foot length measures for the identification
of babies <2000 g, although the difference in validity was less pronounced than for the
distinction between LBW and normal weight (≥2500 g) infants. The overall area under the
ROC curve was high for both chest circumference and foot length for the identification of
VLBW infants, and a foot-length cutoff point (6.9 cm) with relatively high sensitivity and
specificity could be identified. This suggests that the use of foot length may still be useful or
even preferable for the identification of very small newborn infants. This is especially true
given that measuring the chest circumference of infants requires the removal of swaddling
clothes, whereas the foot length measures do not. Given that the consequences of exposure and
subsequent hypothermia may be greater in very small infants, community-based efforts
focusing on the identification of such infants could, by using foot length measures, avoid
inadvertently contributing to hypothermia risk.

For use in low-resource settings, any anthropometric device must be inexpensive and easy to
maintain. Color-coded insertion tapes for measurement of chest circumference can be easily
made using locally available materials (Singh et al., 1988). Similarly, the materials used in this
study for measuring foot length were constructed using inexpensive materials found locally,
and followed inexpensive models previously described in the literature (Mathur et al., 1984;
Ramachandran, 1986; Daga et al., 1988).

There were limitations to this study. The same workers who collected the anthropometric
measures also recorded the gold standard digital scale birth weight, potentially introducing
observer bias. We attempted to minimize this by requiring the workers to record the
anthropometric measures before recording infant weight. Not all infants were measured at the
time of birth, and infant weight can vary considerably during the first 72 h of life (MacDonald
et al., 2003; Wright and Parkinson, 2004). Our stratified analysis suggests that, in this
population, similar conclusions regarding optimal cutoffs for foot length and chest
circumference may be drawn during this time period. These data do not, however, provide for
a more detailed analysis of the impact of delayed surrogate measurements, as the measurement
of birth weight was similarly delayed for infants <24 h of age. As foot length and chest
circumference measures over this short time period are unlikely to vary to the same degree as
body weight, the sensitivity and specificity estimates for any particular selected cutoff rule
may not reflect the validity of that measure at the time of birth. In a community-based program
where such measures are utilized to identify LBW infants, the time of measurement may,
however, be similar to the range of measures in this study, suggesting that our non-stratified
estimates of surrogate validity are reflective of what would be encountered during routine
programmatic use.

As has been pointed out previously (Mullany et al., 2006a), the use of any anthropometric
surrogate for LBW identification in the community will be limited by the need for establishing
community-specific classification rules. Such rules can be established, however, with little
cost, and including a training module for the measurement of chest circumference or foot length
could be included when updating the skills of community-based outreach workers in neonatal
health programs. The non-medical field workers in this study may be similar in ability to health
workers in such programs, but standardization of larger numbers of workers, or extending the
use of these measures to traditional birth attendants may require more intensive training, and/
or cutoff rules with less precision (e.g., 0.5 cm for chest circumference).

Recent investigations have identified a number of simple, inexpensive, effective interventions
for reducing mortality specifically among high-risk LBW infants, including vitamin A
supplementation (Rahmathullah et al., 2003), full-body cleansing of newborns (Tielsch et al.,
2005) and topical emollient therapy (Darmstadt et al., 2004, 2005b). As these interventions
are low cost, any optimal anthropometric surrogate should be selected based on high sensitivity,
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as opposed to high specificity. In the absence of a low-cost scale such as the recently validated
hand-held scale ‘Birthweigh III’ (Mullany et al., 2006a), or other more precise direct measures
of weight, chest circumference is recommended over foot length, based on its comparative
validity relative to gold standard digital measures, and the overall ease of measurement. If the
focus of such identification programs is on infants <2000 g, foot length measures could be used
to minimize exposure of infants to hypothermia risk.
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Figure 1.
Scatter plots of (a) chest circumference and (b) foot length measures vs birth weight (n = 1640).
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Figure 2.
Comparison of chest circumference (CC) and foot length (FL) as surrogates for low birth
weight using non-parametric ROC curves.
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Table 1
Summary measures of weight, chest circumference and foot length of study infants

Birth weight category

VLBW (<2000 g) LBW (<2500 g) Normal (≥2500 g)

Number of infants 80 469 1171
Birth weight
 Mean (g) 1810.7 2226.1 2914.1
 s.d. (g) 175.6 235.3 278.9
 Median (g) 1874 2296 2876
 Range (g) 1254−1998 1254−2498 2501−4098
Chest circumference
 Mean (cm) 26.6 28.7 31.6
 s.d. (cm) 1.4 1.4 1.3
 Median (cm) 26.7 29.0 31.5
 Range (cm) 22.8−29.2 22.8−32.2 26.2−37.1
Foot length
 Mean (cm) 6.5 6.8 7.3
 s.d. (cm) 0.4 0.4 0.3
 Median (cm) 6.5 6.9 7.3
 Range (cm) 5.7−7.4 5.7−7.7 6.1−8.4

Abbreviations: LBW, low birth weight; VLBW, very low birth weight; s.d., standard deviation.
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Table 2
Sensitivity, specificity and predictive values for chest circumference and foot length as surrogates for low birth
weight (<2500 g) for range of cutoff values

Sensitivity Specificity Positive predictive
value

Negative predictive
value

Chest circumference (cm)
29.7 73.8 94.6 84.6 90.0
29.8 79.7 92.7 81.5 92.0
29.9 79.7 92.7 81.5 92.0
30.0 81.9 91.8 80.0 92.7
30.1 84.4 89.4 76.2 93.5
30.2 86.8 87.5 73.6 94.3
30.3 90.6 83.3 68.5 95.7
30.4 90.6 83.3 68.5 95.7
30.5 92.3 80.9 65.9 96.3
30.6 94.2 77.0 62.2 97.1
30.7 95.1 74.3 59.7 97.4
30.8 96.4 71.0 57.1 98.0
30.9 96.4 71.0 57.1 98.0
Foot length (cm)
6.8 36.9 96.6 81.2 79.3
6.9 47.1 94.2 76.5 81.6
7.0 57.4 90.0 69.7 84.1
7.1 73.1 80.4 59.9 88.2
7.2 81.2 69.6 51.7 90.3
7.3 88.7 56.4 44.9 92.6
7.4 94.5 43.7 40.2 95.2
7.5 97.4 32.7 36.7 97.0
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Table 3
Sensitivity, specificity and predictive values for chest circumference and foot length as surrogates for <2000 g
for range of cutoff values

Sensitivity Specificity Positive predictive
value

Negative predictive
value

Chest circumference (cm)
27.8 82.5 97.8 65.3 99.1
27.9 83.8 97.6 63.8 99.2
28.0 83.8 97.6 63.8 99.2
28.1 88.8 96.8 58.7 99.4
28.2 90.0 96.2 54.5 99.5
28.3 92.5 94.7 47.1 99.6
28.4 95.0 93.7 43.4 99.7
28.5 95.0 93.7 43.4 99.7
28.6 96.3 92.3 39.1 99.8
28.7 96.3 91.5 36.8 99.8
28.8 96.3 90.4 33.9 99.8
28.9 97.5 90.0 33.3 99.9
29.0 97.5 90.0 33.3 99.9
29.1 98.8 88.4 30.4 99.9
29.2 98.8 87.2 28.4 99.9
29.3 100.0 84.6 24.9 100.0
Foot length (cm)
6.5 47.5 98.1 56.7 97.3
6.6 51.3 96.5 42.7 97.5
6.7 63.8 94.2 35.9 98.1
6.8 77.5 90.3 29.1 98.7
6.9 87.5 86.0 24.2 99.3
7.0 92.5 80.0 19.2 99.5
7.1 95.0 68.1 13.3 99.6
7.2 96.3 57.7 10.4 99.7
7.3 97.5 45.6 8.4 99.7
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Table 4
Sensitivity and specificity at optimal cutoffs and overall area under the ROC curve, stratified by age at
measurement

<24 h (n = 1162) 24−72 h (n = 478)

Chest circumference
 LBW vs normal
  Sens/spec at 30.3 cm 90, 84 92, 81
  Overall AUC 0.95 0.95
 VLBW vs non-VLBW
  Sens/spec at 28.4 cm 94, 94 89, 94
  Overall AUC 0.99 0.98
Foot length
 LBW vs normal
  Sens/spec at 7.1 cm 80, 71 77, 76
  Overall AUC 0.85 0.84
 VLBW vs non-VLBW
  Sens/spec at 6.9 cm 93, 82 78, 84
  Overall AUC 0.95 0.88

Abbreviations: AUC, area under the curve; LBW, low birth weight; ROC, receiver operating characteristic; VLBW, very low birth weight
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