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Abstract
In India, though the prevalence of low birth weight (LBW) is estimated to be
nearly 30%, routine reporting by the government consistently under-reports it as
12%, with resulting mismatched rectification efforts. We designed a programme
comprising weight measurement standardization training, a pilot study-based
sample size calculation, re-training and certification of personnel and finally a validation exercise. Paired birth weight readings of 404 newborns by a staff nurse and
a research nurse were compared. LBW (<2,500 g) prevalence was 18% and 36%
according to staff nurse and research nurse, respectively. Thus, it is feasible to set
up simple validation exercises.

Introduction/Background
Lower birth weight (<2,500g) babies
experience poor outcomes, not only in terms
of morbidity and mortality during childhood and adult life (WHO 2014), but also in
terms of education and earnings in later life
(Black, Devereux and Salvanes 2005;
Gragnolati et al. 2006). Developmental
problems are because of deficits in academic
achievement, attention problems and
internalizing behavioral problems, poor
executive function (Aarnoudse-Moens et al.
2009) and mathematics learning disabilities
(Taylor et al. 2009). India, despite its recent
economic growth, still accounts for more
than 40% of the global burden of low birth
weight (LBW) babies, with over two-thirds
being born at term showing fetal growth
restriction and one-third being born
prematurely (MoHFW 2014). Paradoxically,
given that low birth weight is also associated
with the “double burden of malnutrition”
(that is, diseases caused by being

underweight as well as being overweight/
obese), it is even more important for regions
in transition such as India (WHO 2017).
Accurate measurement of birth weight is
key to identification of an LBW baby. Birth
weight measurement is however prone to
error, be it in community settings, hospital
settings or in NICU (neonatal intensive care
unit) settings (Emmerson and Roberts 2013;
WHO 2014). Errors in measurement may be
because of subject, observer or instrument
(Mony et al. 2016). In India, instruments
used to weigh babies at birth are mostly beam
balances; in addition, most of the errors are
observer-related, owing to poor measurement
technique such as “heaping” (Gragnolati et al.
2006; Dubey and Nath 2016). Misclassification
is both a health issue, with proven costeffective interventions (e.g., Kangaroo
Mother Care) not being offered to eligible
infants (Vesel et al. 2015), and a human rights
issue, with appropriate healthcare being
denied to those who need it the most
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(Dickson et al. 2015). In India, though the
prevalence of LBW is estimated to be 25–30%
(UNICEF 2013; MoHFW 2014), routine
reporting by the national health information
system consistently under-reports it to be
around 12% (NHM 2016), resulting in
minimal efforts being undertaken to identify
or correct the under-reporting. There is an
urgent need for health systems’ research that
can help identify key deficiencies and
propose targeted solutions (Bahl et al. 2012).
Validation of routine clinical measurements
of anthropometry against those by a
researcher in a controlled setting after being
trained by a certified anthropometrist is a
strategy used in several settings (DiMariaGhalili 2006; Leo et al. 2014; Xiao et al. 2017),
as it offers both face validity and construct
validity as markers of accuracy (Heale and
Twycross 2015). The objective of our initiative was to construct a validation system to
test the accuracy of the routine birth weight
capturing mechanism using the beam
balance in a district of southern India.
Intervention
We developed a conceptual framework for a
validation system consisting of a series of
sequential steps (Figure 1). The first step was
to develop a specific training manual for
accurate weighing of newborns, drawing
from existing generic anthropometry
training manuals (Zerfas 1985; Lohman et al.
1988; InterGrowth-21st 2009) and based on
common errors noted in literature review
(Blanc and Wardlaw 2005; Gragnolati et al.
2006; Dubey and Nath 2016). This was used
in a standardization training and certification
programme for research nurses over a
duration of nine hours. These trained and
certified research nurses were to undertake a
pilot study to estimate proportion of low
birth weight in a small convenient sample to
be able to perform a formal sample size
calculation. After a revision session of
re-training or re-certification as needed, the
definitive validation exercise was undertaken.
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Figure 1. Conceptual framework for a birth
weight validation programme
1. Training needs
assessment/manual

2. Standardization training

Arithmetics training (1 hr)
Protocol training (2.5 hrs)
Calibration training (1.5 hrs)
Documentation training (0.5 hr)
Practice timing (1.5 hrs)

3. Pilot small sample
estimation exercise

Certification test (2 hrs)

4. Sample size calculation

5. Revision training
and certification

6. Validation exercise

Methodology/Change Process/Results
The programme was undertaken in the
northeastern region of Karnataka in India, a
region with a population of 16 million spread
over eight districts and having suboptimal
coverage of Emergency Neonatal Care
(EmNC) at the district and sub-district levels
(Mony et al. 2015), typical of most parts of
India. The prevalence of LBW in Karnataka
for the year 2015–16 was 13% according
to the government records (HMIS 2017).
Nurses with diploma/graduate qualification
[General Nurse Midwife (GNM) or Bachelors in
Nursing] trained as Nurse Mentors in a previous
maternal and neonatal health project (Fischer et
al. 2015) were the research nurses for this study.
A package comprising a training manual/
training schedule was designed to address
common errors in birth weight anthropometry
measurements (de Onis et al. 2004; Blanc and
Wardlaw 2005). The training and operations
manual covered topics such as Standard
Operating Procedure (SOP) for weighing
newborns, calibration procedures, a checklist
for weight measurement and wrapping of
newborn and the birth weight validation and
calibration dummy sheets. The total duration
of the training was for nine hours: 5.5 hours
on day 1 and 3.5 hours on day 2 (Figure 1).
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Eight research nurses underwent the
standardization training. This comprised
four components: arithmetics training,
protocol training, calibration training and
documentation training. Arithmetics
training was focused on teaching the
resolution of different weighing scales (50 g
or 100 g) and reading pictorial representations of birth weights ranging from 500 g to
4,500 g. Protocol training comprised
teaching the accurate method of weighing
newborns using digital and manual weighing
scales and practical demonstrations and
return demonstrations using both scales first
on mannequins in the classroom setting and
then on babies in the postnatal ward of the
hospital. Training was provided on both
types of scales because although most health
facilities had manual weighing scales, a few
government and private neonatal care centres
had digital scales, and although digital scales
are more accurate, errors could arise if there
were differences in adherence to protocol
(such as weighing the newborn with or
without clothes). This was followed by
training on calibration of the weighing scales
using standard weights, and lastly on correct
documentation of birth weight in a standardized format (“grams”). After the training, we
allotted time for practising weight measurements on nearly a dozen babies.
Subsequently, they attended a certification
test comprising two parts: a classroom-based
theory test of reading still photographs of
newborns (weight range = 500–4,500 g) and
a practical test of comparing their measurements on a set of 10 live newborns against
those of a certified anthropometrist.
Weightage of 30:70 was accorded to the
theory:practical components of the test for
the calculation of the overall scores and
≥67% was considered as pass marks. A
non-probability-based sample of 76 babies
born in January 2016 in five hospitals from
the three tiers (one district hospital, two
subdistrict hospitals and two primary health
centres) of Bagalkot district were weighed by

the research nurses. Nearly one in five babies
were found to have low birth weight; so
assuming 20% expected prevalence (from
the pilot exercise) and 20% relative precision,
we calculated the sample size for the validation exercise to be 400 babies. Based on
observations made during the certification
test and the pilot exercise, we undertook a
revision training of about two hours to
fine-tune the measurement skills of the
research nurses.
The 405 newborns included in the study
were born during August–September 2016
from the three tiers of health facilities in
Koppal district in the ratio of 3.5:5:1.5
(primary:secondary:tertiary), proportionate
to the delivery volumes in different facilities.
The study instrument was the beam balance
(a manual weighing scale) commonly used in
the delivery rooms of all health facilities.
Research nurses visited health facilities to
measure birth weights of babies born the
previous day and recorded their weights on
the validation worksheets. In addition, they
also noted the values obtained for the same
babies, usually within an hour after birth and
recorded in the parturition registers.
Measurements by research nurses were taken
at a median of 10 hours after birth
(range = 1–144 hours); so for purposes
of comparison, we inflated these weights
obtained by research nurses, assuming a rate
of ~1% loss in body weight per 24 hours
(Noel-Weiss et al. 2008).
Seven of eight research nurses passed the
certification test in the first attempt; one
nurse mentor required additional training
and passed in the second attempt. For the
validation exercise, a total of 405 babies had
paired readings recorded. During the
validation exercise, it was noted that checking of birth weights in the health facilities
was by staff nurses in 75% (304/405) of cases
and by “unauthorized staff” in 25%
(101/405) of cases. Further, they all followed a
variety of different procedures for obtaining
the weights. Overall LBW (<2,500 g)
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prevalence was 18% (73/404; 95% confidence
interval (CI):[15, 22]) according to facility
staff and 36% (145/404; 95% CI:[32, 41])
according to research nurses. While it was
12%, 23%, 17% and 3% in the government
district, subdistrict, primary care facilities
and private health facilities, respectively,
according to the facility staff, it was found to
be 35%, 40%, 35% and 28% by the research
nurses in the four types of facilities respectively; the differences between the two
personnel were statistically significant
(p < 0.05). LBW (<2,000 g) prevalence was
2% (8/404; 95% CI:[1.0, 3.8]) according to
facility staff and 5.5% (22/404; 95% CI[3.6,
8.1]) according to research nurses (Figure 2).
About a quarter of those with birth weights
≥2,500 g according to health facility staff
were identified as LBW by the research
nurses; more specifically, nearly two-thirds
of those with birth weights recorded exactly
as 2,500 g by the facility staff were identified
as LBW by the research nurses. Weights
recorded by facility staff revealed a marked
digit preference, by about 200 g. In addition,
it was also seen that differences in weights
obtained by facility staff were about 150 g
higher than that obtained by the research
nurses. This error was however random and
spread across all birthweight levels rather
than just around different cut-off levels, as
seen in the Bland–Altman plot (Figure 3).
Figure 2. Proportion of newborns
identified as low birth weight in a district
of southern India, by type of workers
(n = 400)
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Discussion
One of the global nutritional goals is to
achieve a 30% reduction in LBW incidence
by the year 2025 (WHO 2014). While total
deaths and age-standardized death rates
because of maternal disorders and certain
communicable diseases (malaria and HIV/
AIDS) have declined significantly during the
period of 2005–2015, progress has been
slower for nutritional/perinatal disorders
(GBD 2015). Not being able to quantify the
problem accurately and acting upon that on a
day-to-day basis in birthing facilities of
developing countries could partly explain
this gap because of substantial misclassification and missed opportunities for offering
proven and cost-effective child health
interventions (Grove et al. 2015; Vesel
et al. 2015).
Health systems aiming to strengthen
measurement strategies linked to maternal
and child health programmes should accord
priority to ensuring that the first set of
measurements taken soon after birth are
accurate and reliable. Our strategy of
employing a trained and certified third-party
research team enabled independent assessment of the quality of birth weight
measurement. Using such trained personnel
to conduct a pilot exercise helped us in
arriving at a logistically feasible sample size
for the main validation exercise than would
have been possible with the LBW proportion
from routine reporting.
One option for overcoming deficiencies
in weight measurements would be for health
departments to replace all the beam
balances in labour rooms, newborn care
areas and in post-natal wards of hospitals
with digital weighing scales; the 10-fold or
higher costs of such an exercise may
however be prohibitively expensive for
several jurisdictions. In the interim, quality
assurance (QA) steps such as standardized
training of healthcare personnel and
calibration of weighing equipment will help
minimize errors in anthropometric
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Conclusions
LBW (<2,500 g) prevalence was 18% and
35% according to facility staff and research
nurses respectively while LBW (<2,000 g)
prevalence was 2% and 5.5% by the two sets
of workers respectively. Mostly, the misclassification was because nearly two-thirds
of babies with birth weights recorded exactly
as 2,500 g by facility staff were classified as
low birth weight babies by the research
assistants. Setting up simple quality control
systems for validation of key health indictors, such as birth weight, by independent
evaluators is feasible in resource-constrained
settings.

measurements. In addition, such validation exercises also have a role in improving
health systems (Grove et al. 2015). Investing
in a dedicated team identified by the health
department, preferably an independent
third-party monitoring and evaluation unit,
can help identify rates of misreporting of
birth weights at regular intervals for quality
control (QC) purposes.
Accuracy of birth weight measurements
however appeared to be assessed more often
among community health workers than
among hospital nurses (Amano et al. 2014).
Such quality improvement process efforts
can be established with minimal budgets
even in hospitals and can contribute substantially to professional development, quality
of care, better documentation and overall
effectiveness of health systems (Peabody
et al. 2006).
Strengthening the quality of perinatal data
monitoring systems should thus be pursued
vigorously in low- and middle-income
countries (Grove et al. 2015), including India
currently ranked at 143 out of 188 countries
on Sustainable Development Goals indicators (GBD 2015), if avoidable causes of deaths
are to be identified early and accurately for
implementation of preventive and curative
care services.
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