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ABSTRACT

Background This study aimed to update systematic
reviews and meta-analyses on the diagnostic accuracy of
postnatal clinical scoring (PCS) methods and foot length
(FL) measurement for assessing gestational age (GA) and
birth weight in low-income and middle-income countries
(LMICs). In addition, the quality of reference standards,
including antenatal ultrasound (A-US), last menstrual
period (LMP), PCS and newborn weighing scales, was also
evaluated.

Methods Studies from LMICs published between
January 2000 and February 2024 were searched, using
databases such as PubMed, Web of Science, Cochrane
Library, CINAHL and Scopus. Studies that compared

PCS and/or FL with LMP and/or A-US to estimate GA or
used calibrated newborn weighing scales for birthweight
estimation were included. The risk of bias was assessed
using the Quality Assessment of Diagnostic Accuracy
Studies-Il tool and evaluated the quality of the reference
standards. When sufficient data were available, pooled
estimates were calculated using random-effects models.
Results A total of 50 studies were included. A-US was

a reasonable tool for GA assessment if conducted by
physicians using fetal biometry and the Hadlock method
for GA estimation. LMP was reasonable when women

had regular cycles, knew their LMP, were not using
contraceptives and LMP data were collected by healthcare
providers. When A-US was used as the reference standard,
PCS methods estimated GA with a precision of +2.8to
+3.2 weeks. FL measurement <7.5cm showed a pooled
sensitivity of 76.2% and specificity of 36.6% for identifying
preterm birth. FL measurement <7.6 cm had a pooled
sensitivity of 78.6% and specificity of 65.7% for identifying
low birth weight (LBW). High heterogeneity across studies
was observed.

Conclusion This systematic review and meta-analysis
highlights significant variability and methodological
inconsistencies in using PCS methods and FL

WHAT IS ALREADY KNOWN ON THIS TOPIC

= One in five newborns in low-income and middle-
income countries (LMICs) is born prematurely
or with low birth weight (LBW), increasing their
susceptibility to neonatal mortality. Early detec-
tion and intervention for these infants can be
life-saving.

= Postnatal clinical scoring (PCS) methods and foot
length (FL) measurements are commonly used to
estimate gestational age (GA) and LBW in LMICs.

WHAT THIS STUDY ADDS

= PCS methods such as Ballard Score and Dubowitz
Score tend to overestimate GA while the Eregie
scoring model underestimates it due to high vari-
ability across the studies.

= The diagnostic accuracy of FL measurements for
prematurity and LBW shows varying sensitivity
and specificity due to significant methodolog-
ical differences and high heterogeneity across
studies.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= There is an urgent need for standardised GA and
birthweight measurement protocols, as well as
consensus on reference standards, to improve the
reliability and accuracy of PCS and FL assessments
in LMICs.

= Enhancing these diagnostic tools will lead to better
clinical decision-making and improved neonatal out-
comes, particularly in diverse and resource-limited
healthcare settings.

= Policies should prioritise skill development, quality
assurance and supportive supervision for health-
care providers conducting GA and birthweight
assessments.
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measurement for estimating GA and LBW in LMICs. The observed high
heterogeneity across studies suggests a cautious interpretation of the
results.

PROSPERO registration number CRD42020209455.

INTRODUCTION

Preterm and low birth weight (LBW) pose significant
challenges to neonatal health globally, particularly in low-
income and middle-income countries (LMICs).!?In 2020,
an estimated 13.4 million babies were born preterm,' and
19.8 million were born with a birth weight <2500 g—LBW,
globally.? Approximately 900000 preterm newborns die
before the age of 5, with the majority of deaths occur-
ring within the first week after birth, particularly in south
Asia and sub-Saharan Africa.” LBW increases the risk of
neonatal mortality by nearly 20 times compared with
normal-weighted infants.* The causes of death due to
preterm birth and LBW are often preventable, empha-
sising the importance of early detection and prompt
management.”

Antenatal ultrasound (A-US) is the gold-standard
method for estimating gestational age (GA).°” However,
its use in LMICs is limited due to factors such as limited
availability, inadequate maintenance of US devices, late
presentation of pregnant women for antenatal care
(ANC) and high cost.” In settings where access to A-US
is limited, the last menstrual period (LMP) is often used
to estimate GA, but this method is prone to errors due to
inaccurate recall or irregular menstrual cycles or women
on contraception 3 months prior to conception or breast-
feed at the time of conception.'! Postnatal clinical scoring
(PCS) methods and foot length (FL) measurements have
been established to identify preterm birth newborns and
LBW. The Ballard and Dubowitz scores (DS) assess GA
via physical and neurological newborn examinations,'* "
and the Eregie scoring model (ESM) determines newborn
maturation using physical examination and anthropo-
metric measurements.'> Anthropometric measurements
such as mid-upper arm circumference, head and chest
circumference and FL were tested to identify preterm
and LBW. For this review, we selected FLL. measurement
due to its simplicity, which makes it feasible for scaling
up. FL. measurement can be performed with locally avail-
able, low-cost tools such as a rigid transparent ruler, and
it can be done with minimal handling of the baby."*

Two high-quality systematic reviews and meta-analyses,
published in 2016' on neonatal clinical examination
including BS, DS, ESM and other methods of GA assess-
ment and in 2020" on diagnostic accuracy of FL for
identification of preterm and LBW, reported that low
quality of studies and high heterogeneity were the major
limitations for interpretation. Both reviews also recom-
mended studies with high-quality A-US as reference stan-
dard. Additionally, the WHO has emphasised the need
for additional research to discover simple, reliable and
feasible methods for assessing GA and birth weight in
LMICs."®

Therefore, the objectives of this study were (1) to
update the existing systematic reviews and meta-analyses
on the diagnostic accuracy of PCS and FL for GA and
birthweight assessment in a single review in the LMIC
context and (2) to assess the quality of evidence related
to reference standards of (1) A-US, (2) LMP, (3) PCS and
(4) newborn weighing scales.

MATERIALS AND METHODS

This systematic review and meta-analysis was based
on original studies building on a previous review that
examined studies up to June 2022. The Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses was used and is available as online supple-
mental material. The study was registered at the Inter-
national Prospective Register of Systematic Reviews—
PROSPERO CRD42020209455.

Search strategy

Systematic literature searches were conducted using
databases including PubMed (Medline), Web of
Science, Cochrane Library, Cumulative Index to
Nursing and Allied Health Literature (CINAHL) and
Scopus. A librarian (KM) from Aga Khan University,
Karachi Pakistan, performed the searches and were
exported to EndNote (V.X9, Clarivate Analytics). In
this review, ESM, DS and BS were denoted as PCS
methods. Detailed search terms are available in
online supplemental table 1.

Inclusion criteria
Original studies written in the English language from
LMICs, published between 1 January 2000 and 29
February 2024, were included. Studies reported live
births and assessed the diagnostic accuracy of PCS
and/or FL for determining GA and birth weight, as well
as identifying prematurity and LBW were included.
Studies using the LMP, A-US, PCS and/or a calibrated
newborn weighing scale as reference standard were
included. Additionally, studies that used PCS as the
reference standard for FL for GA were also included.
LMICs were selected due to the significant healthcare
challenges in these regions, which have the highest
rates of preterm births and LBW. By including studies
from the year 2000 onwards, the review aimed to
capture contemporary practices and diagnostic stand-
ards, reflecting the transition from reliance on LMP
to more accurate and widely adopted methods such as
A-US and calibrated newborn weighing scales.
Studies reported stillbirths as the study population,
reported small for GA as the only outcome, involved
children with chromosomal abnormalities or assessed
GA on or after day 7 of birth were excluded. Addi-
tionally, studies that did not use A-US or LMP as refer-
ence standards for GA or did not employ calibrated
newborn weighing scales as the reference standard for
LBW assessment were excluded. Case reports/series,
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narrative/scoping reviews, editorials and published
abstracts were also excluded.

Case definition

According to the WHO, preterm birth is defined as
the birth of a baby <37 weeks of gestation17 and LBW is
defined as birth weight <2500 g.'®

Data review and extraction procedure

After removing duplicate studies from the EndNote
library, two independentreviewers (MU and QA) screened
titles and abstracts to identify full-text articles meeting
eligibility criteria. We then read full-text articles meeting
these criteria and extracted data, including study title,
journal, publication year, country, study design, setting
(hospital vs community), population characteristics,
sampling strategy, sample size, methods of assessing GA,
reference standards, descriptive data (preterm birth and
LBW frequencies), and diagnostic accuracy and agree-
ment estimates (correlation coefficient, mean difference,
SD, diagnostic accuracy measures such as sensitivity, spec-
ificity, positive predictive value (PPV), negative predictive
value (NPV) and Bland Altman’s limits of agreement
(LOA)). We entered the data into MS Excel.

Quality assessment of eligible studies

The risk of bias in individual studies was assessed using
the Quality Assessment of Diagnostic Accuracy Studies
(QUADAS-2) tool, which evaluates diagnostic studies
in four domains: selection of participants, index test,
reference standards and flow and timing. Each domain
received a score from 0 to 1, indicating a low to high risk
of bias. MU and QA independently evaluated methodo-
logical quality, resolving disagreements through mutual
discussion. If a consensus was not reached, a third
reviewer (SST) reviewed the article for the final deci-
sion. In addition to QUADAS-2, we assessed the quality
of reference standards, such as A-US and LMP (online
supplemental table 2).

Additional calculations

Bland Altman’s LOAs were used to observe any bias in
reporting the mean difference between the two compared
methods as part of the included studies’ quality and
reporting bias assessments. LOA was calculated if studies
mentioned either the mean+SD of GA for both test and
reference standard methods or the mean difference and
SD of the mean difference.'’

LOA = Mean difference + Z 5 (SD)

The 95% CI was calculated for sensitivity, specificity,
PPV, NPV and area under the curves, where applicable.”

95% CI = proportion + Z 5 (Standard error of proportion)

P(1-p)

Standard error of proportion =

Standardised effect size: pooled variance

Reported mean differences were transformed into
standardised mean differences to facilitate comparison
across heterogeneous studies with varying characteristics.
Pooled variances and SDs around the pooled estimates
were calculated using the formula.”’

k (’I’Li— 1) 52

=1 i

Variance pooled = 7 ( ' 1)
=1 " —

Data analysis

Data were summarised and grouped in tables based
on methods of GA determination and the reference
standard. Data analysis was performed by using STATA
V.17 (StataCorp). Meta-analysis was employed when two
or more studies had appropriate data for pooled anal-
ysis. Individual study-level mean differences between the
two GA assessment methods were pooled using the ‘meta
esize’ command, providing the pooled mean difference
and 95% CI. To account for heterogeneity within the
data, a meta-analysis method employing the random
effects model (REM) was used, which accommodates
variability across studies beyond what would be expected
by chance alone. Higgins’s I was used to quantify the
degree of heterogeneity present in the pooled data.
Correlation coefficients were pooled if studies reported
a Pearson correlation (r) using the ‘metan’ command,
providing descriptive summaries as median and range.
Sensitivity and specificity were pooled using the ‘metandi’
command and reported all pooled effect sizes alongside
their 95% CI. Forest plots for REM meta-analysis models
were created using the ‘meta forestplot’ command.

RESULTS

After a comprehensive search across all databases, 667
studies were identified. Following the removal of dupli-
cates, 475 studies underwent screening for eligibility
based on titles and abstracts. Subsequently, 101 full-
text studies were identified for assessment regarding
reporting criteria and reference standards. Ultimately, 50
studies were included in the systematic review (figure 1).

Quality assessment
The QUADAS-2 summary graph indicated a high risk
of bias related to patient selection and reference stand-
ards. Studies using LMP as a reference standard showed
the high risk of bias attributed to recall bias. However,
a low risk of bias was observed across other QUADAS-2
domains (online supplemental figure 1).

Characteristics of each study are summarised in online
supplemental tables 2-7.

Quality of the reference standards for GA and birth weight
A-US (n=18)

A-US was conducted by trained staff (n=10) 1022-30 \ithin
20 weeks of gestation (n=6)** %0 %7 23132 ysing port-
able US machines (n=6)'"12 272938 and fetal biometry
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Identification of new studies via databases and registers

Records removed before the
screening:
Duplicate records removed
(n=192)

Records excluded

(n = 374)

(Exclusion criteria: case reports, case
series, editorials, reviews, published
abstracts, titles include stillbirth in titles, no
data on the accuracy of testing or
insufficient validity data)

Reports excluded: n = 51
A-USG not used as the reference
standard (n = 23)

Different population (n = 8)
Case study/review/model-based
papers (n=7)

Growth and development (n = 5)
No reference standard or LMP
(n-2)

Language other than English (n
= 2)

Studies from high-income
countries (n-2)

GA assessment on day 7 (n-2)

Previous studies ]
L L
= Stud_|es |nc|uc_jed n Records identified from:
previous version of _
) : - 29 (n = 667)
§ || review (1=39) PubMed (n = 345)
= RS of s Cochrane (n = 47)
t || e|p%| Sd‘.’ g Web of Science (n = 74)
5 INCUAEC I previous - Scopus (n = 157)
= version of review (n = CINAHL (n = 44)
39)
R
Records screened for titles
and abstracts
(n=475)
(o)
c
ic
7]
o
o
n
4
Reports assessed for eligibility
of full-text articles
(n=101)
—/
)
y
Full-text articles (Studies)
= included in the review
g (n =50)
=
o Ballard scoring (n=14)
= Dubowitz scoring (n=5)
Eregie scoring model (n=3)
Foot length for GA (n=29)
Foot length for LBW (=22)
—
S—/

Figure 1 PRISMA flow diagram. GA, gestational age; LMP, last menstrual period; PRISMA, Preferred Reporting ltems for

Systematic Reviews and Meta-Analyses.

(n=8)'0 122225 2729 34 ity the Hadlock method for GA
estimation (n=5).'" 122 272 uality and reliability were
assessed in seven studies!’ 22 2420273335 (table 1).

LMP (n=11)

All 11 studies included women who were aware of their
LMP. Criteria for inclusion were women aware of their
LMP (n=11),%364 regular menstrual cycles (n=5) ,Jo-s8as4d
no contraception use in the 3 months prior to conception
(n=3) 73843 1o breast feeding after conception (n=2)37 8
and the absence of pregnancy complications (n-2).*® %
LMP data were collected by midwives or nurses (n=2)%*
in the early trimester (n=2),"* with GA assessed through

36 37 39 44

Naegele’s formula (n=4) and reliability assessed

in two studies®®** (table 1).

PCS (n=17)

15 studies validated FL against the Ballard Score (BS) as
a reference standard, and three studies used the ESM as
a reference standard. Of 15 studies, 5 studies described
the procedures (partially described: only clinical signs,
n=3""". well described: clinical signs and scoring,
n=2"*)_ BS was performed within 24 hours/1day after
birth (n=7)***% by paediatricians (n=4).***°'** Three
studies described the ESM, which was conducted on day 1
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48 55

(n=1)% by paediatricians (n=2) and midwives (n=1)°°

(table 1).

Newborn weighing scales (n=22)

Newborns were measured within 24 hours of
birth (n=17),% 40 42 48 49525665 ojther naked or with
minimal clothing (n=8)** ** * 57 61 62 64 using digital
(n=18)28 34 10 42 46 48 40 52 56-57 59-64 66 iy weighing
scales (n=11),2 344048495556 60626465 (7 weights recorded
in grams (n=12) 40434648 49 55 58 60626566 BT 1) easurements
were taken by averaging two or three readings recorded
(n=6)23 1048495664 (111077

Diagnostic accuracy of PCS methods in assessing the GA
Ballard scoring with A-US as a reference standard (n=10)
Inseven studies,'"#*20#233 %67 Bg resulted in a pooled mean
difference of 0.65 weeks (95% CI -0.23 to 1.54, p<0.001)
and a pooled SD of 1.6 weeks. Four out of 10 studies
reported a correlation coefficient ranging from 0.31 to
0.94.'%20323% Additionally, four studies' ***** reported a
pooled sensitivity and specificity of 67.0% (95% CI 22.0%
to0 94.0%) and 80.0% (95% CI 73.0% to 85.0%), respec-
tively, for identifying preterm births (table 2 and online
supplemental figures 2—4).

Ballard scoring with LMP as a reference standard (n=4)

BS resulted in a pooled mean difference of —0.35 weeks
(95% CI -0.75 to 0.05, p=0.04) and a pooled SD of 1.5
weeks.™ ' 7 Three studies reported a correlation coeffi-
cient of 0.94.* None reported sensitivity and specificity
(table 2).

Dubowitz scoring with A-US as a reference standard (n=3)

DS resulted in a pooled mean difference of 0.68 weeks
(95% CI 0.52 to 0.84, p=0.35) and a pooled SD of 1.4
weeks.? % One out of two studies reported a Pearson
correlation coefficient of 0.91. One study reported a
sensitivity of 61.0% (95% CI 54.9% to 76.0%) and a
specificity 0£99.0% (95% CI197.7% to 100%) for iden-
tifying preterm birth neonates.” (table 2)

Dubowitz scoring with LMP as a reference standard, (n=2)

DS resulted in a pooled mean difference of 0.67 weeks
(95% CI 0.45 to 0.89, p=0.52) and a pooled SD of 1.2
weeks.” *® Two studies reported the Pearson correla-
tion coefficient ranged from 0.81 to 0.94.** None of
the studies reported sensitivity and specificity. (table

2)

ESM with A-US as a reference standard (n=2)

ESM resulted in a pooled mean difference of -0.44
weeks (95% CI -0.51 to —-0.37, p<0.001) and a pooled
SD of 1.4 weeks.” *® One study reported a sensitivity
of 75.0% (95% CI 72.4% to 77.6%) and specificity of
58.0% (95% CI 55.0% to 60.9%) of ESM for identi-
fying preterm birth neonates.?! (table 2)

Eregie scoring with the LMP as a reference standard (n=1)

One study reported Pearson correlation coefficient of
0.93 and a mean difference of 0.26:1.38 weeks.” (table
2)

Diagnostic accuracy of FL for GA assessment

The FL with A-US as a reference standard (n=7)

Three studies reported positive correlations between FL
and GA ranging from 0.37 to 0.89 with a pooled correla-
tion coefficient of 0.72 (95% CI 0.38 to 1.05).%0 3* 404466
Two studies used an FL cut-off of <7.5 cm to detect preterm
birth with FL measurements <7.5cm (n=2) showed
pooled sensitivity of 76.2 (95% CI 70.2 to 81.5) and
pooled specificity of 36.6 (95% CI 32.7 to 40.7) for iden-
tifying preterm birth compared with A-US.** ** table 3

The FL with the LMP as a reference standard (n=7)

Six studies reported positive correlations between FL and
GA ranging from 0.14 to 0.93 with a pooled correlation
coefficient of 0.56 (95% CI 0.24 to 0.88).%° %7342 Ope
study reported FL cut-off of <7.5cm to identify preterm
birth, with sensitivity of 32.7% and specificity of 83.8%.
(table 3)

The FL with PCS as reference standard (n=17)

BS (n=15), 10 45474954 59 68 69 g (32915556 5 hoth
BS and ESM (n=1)*® were used as reference standards.
11 studies reported correlations ranging from 0.69 to
0.96.50 15717 5054 59 68 e study reported FL cut-off of
<7.5cm to identify preterm birth using BS as reference
standard, has sensitivity of 81.7% and specificity of 77%*®
and another study used ESM as reference standard
reported sensitivity of 85.7% and specificity of 90.4% for
identification of preterm.56 (table 3)

Diagnostic accuracy of FL in assessing the LBW

Of 22 studies that reported diagnostic accuracy of FL for
identification of LBW, 15 studies showed a correlation
ranging from 0.21 to 0.97 between FL and birth weight
with a pooled correlation coefficient of 0.71 (95% CI 0.60
to (.82) 3 10154649 5256 58 6164 66 70 py ] eq sensitivity and
specificity for identifying LBW at an FL cut-off of <7.4cm
(n=4) were 72.1 (95% CI 68.3 to 75.7) and 84.9 (95%
CI 83.2 to 86.5), respectively. At an FL cut-off of <7.6 cm
(n-4), the pooled sensitivity and specificity were 78.6
(95% CI 73.7 to 83.6) and 65.7 (95% CI 63.3 to 68.1),
respectively.28 3861 (table 4)

DISCUSSION

Existing reviews on PCS and FL as methods for GA and
birthweight assessment within the context of LMICs have
been updated. PCS methods such as BS and DS tend to
overestimate GA while ESM underestimates it. Addition-
ally, studies investigating the diagnostic accuracy of FL as
a proxy for prematurity or LBW showed varying degrees
of sensitivity and specificity; however, due to high heter-
ogeneity, one should interpret these results with caution
(online supplemental figures 2-4). The significant
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methodological differences, especially in the standardi-
sation of reference standards like A-US and LMP, largely
account for the observed variation and equivocal find-
ings in existing studies on PCS methods and FL meas-
urements.

Several contextual factors contribute to this vari-
ability. Many studies relied on secondary data lacking
standardised data collection methods, leading to incon-
sistent findings. Methodological differences included
anatomical landmarks and measurement tools for FL,
| L | with studies using landmarks such as heel to hallux or
longest toe and tools ranging from plastic rulers to calli-
pers to flexible tapes. Various cut-offs for FL as a proxy
for prematurity (7.1-7.9cm) and LBW (<6.9to <7.9cm)
also led to differences in sensitivity and specificity.® ** !
This variation in cut-offs may be attributed to the higher
frequency of premature newborns in some studies.*’ *°
Furthermore, most studies evaluating FL. and PCS for GA
were conducted in hospital settings. Hospital settings,
with higher incidences of prematurity, asphyxia, sepsis,
L | growth retardation and maternal complications such
as pre-eclampsia/eclampsia, gestational diabetes and
anaemia, further added to this variability.72 7 Moreover,
differences in healthcare settings, staff training and access
to care between urban hospitals and rural areas in LMICs
also contributed to this heterogeneity. Hospital-based
studies often involve trained medical personnel, whereas
rural settings may lack such resources, impacting the accu-
racy and generalisability of PCS and FL measurements.

South Asia exhibits a high prevalence of premature
and LBW neonates, with variations in the diagnostic
accuracy and optimal cut-offs for FL. measurements when
compared with other regions such as sub-Saharan Africa.
Studies conducted in Asia show FL cut-offs ranging from
<6.8" to <7.75cm™ for identifying preterm, whereas
studies from Africa have cut-offs ranging from <7.1*’ to
<8cm™ for the same purpose. Similarly, for identifying
LBW neonates, Asian studies report FL cut-offs ranging
from <7.4% * to <8.0cm™ while African studies show
cut-offs ranging from <6.9* to <8.0cm.” These differ-
ences arise due to distinct population characteristics and
genetic profiles, necessitating different cut-offs.”” " This
regional variability highlights the inherent complexity of
applying a one-size-fits-all approach to neonatal assess-
ments.”” Universal application without adjustments can
lead to inaccurate assessments, potentially compromising
the quality of care and intervention strategies. Therefore,
while these diagnostic tools are valuable, their use must
be tailored to regional contexts to achieve precise and
reliable outcomes.”

This systematic review and meta-analysis has several
limitations. First, relying on binary outcomes. Using cate-
gorical outcomes like LBW versus not LBW or preterm
versus not preterm in LMICs offers advantages. These
endpoints simplify data collection and interpretation,
making it more feasible in resource-limited settings.
Different cut-offs for continuous variables like FL intro-
duce variability, complicating comparisons. Categorical

Specificity, %
(95% ClI)

Sensitivity, %

Correlation (95% CI)

0.81
0.94
0.93

(-13.6 to 11.1) -

Bland Altman

Mean
Preterm (%) difference (LOA)
-1.24+6.3

0.50+1.3
0.26+1.4

23.9
31.8
31.8

Sample
size
4390
364
358
358

Cross-sectional

Cross-sectional
study

Cohort study
Not available
study

scoring Study design

Clinical
BS

DS

DS
ESM

Cameroon

FMulti-country
Cameroon

study (Africa)
Zimbabwe

Country
BS, Ballard Score; DS, Dubowitz Score; ESM, Eregie scoring model; LOA, limits of agreement.

tBangladesh, Ghana, Pakistan, Tanzania and Zambia.

*Burkina Faso, Ghana, Malawi and Zambia.
FBenin, Gabon, Mozambique and Tanzania.

Table 2 Continued
Rada et al*' 2018
Feresu et al*® 2002
Sunjoh et al*® 2004
Sunjoh et al*® 2004

First author
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Table 4 Comparison of diagnostic accuracy of foot length in predicting low birth weight (LBW)

First author and Sample Foot length  Sensitivity, % Specificity, %
year Country Study design size LBW (%) Correlation cut-offs (cm) (95% ClI) (95% Cl)
Mullany®® 2007  Nepal Not specified 1640 28.6 = 7.5 97.4 32.7
(96.6 10 98.2)  (30.4 to 35.0)
Marchant®® 2010 Tanzania  Cross-sectional study 529 15.0 - <8.0 87.0 60.0
(79.0t0 94.0)  (55.0 to 64.0)
Alia®® 2011 Bangladesh Cross-sectional study 100 52.0 0.77 = = =
Rustagi®' 2012 India Prospective 283 - 0.21 <7.7 58.0 83.0
observational study (52.2t063.8) (78.6 to 87.4)
Mukherjee®® 2013 India Cross-sectional study 351 51.8 0.95 <7.85 100 95.3
(93.1 to 97.5)
Nabiwemba®® Uganda Cross-sectional study 706 12.0 0.76 <7.9 94.1 82.6
2013 (86.8t098.1)  (79.8 to 86.1)
Modibbo® 2013  Nigeria Cross-sectional study 551 = 0.66 = = =
Otupiri®* 2014 Ghana Cross-sectional study 973 21.7 0.53 <7.4 - -
Ahmed®’ 2014 India - 1028 - 0.51 90.9 33.3
(89.1t092.7) (30.4 to 36.2)
Thi*® 2015 Vietnam Prospective 485 51.0 - <7.4 85.0 86.0
observational study (70.0t0 89.0)  (81.0t0 90.0)
Kc® 2015 Nepal Cross-sectional study 811 3.7 — 7.5 82.2 85.2
(79.6 10 84.8)  (82.8 to 87.6)
Srivastava®® 2015 India - 254 - 0.97 - - -
Gavhane®* 2016  India Prospective 800 25.5 0.49 - - -
observational study
Hadush® 2017 Ethiopia Cross-sectional study 422 27.0 0.75 7.35 72.8 91.6
(68.6t077.0)  (89.0 to 94.2)
Srinivasa*® 2017  India Cross-sectional study 500 - 0.90 <7.4 97.0 87.1
(95.5t098.5)  (84.2 to 90.0)
Pratinidhi*® 2017  India - 645 - 0.75 - - -
Paulsen® 2019  Tanzania  Prospective 376 10.5 0.66 <7.7 74.0 67.0
observational study (61.0t0 83.0) (61.0to 72.0)
Gidi*® 2020 Ethiopia Cross-sectional study 1486 13.7 = <7.7 84.2 73.9
(78.41088.9) (71.3 10 6.4)
Tregstina® 2021  India Cross-sectional study 520 - 0.97 - - -
Mengi®® 2023 Papua New Prospective study 342 7.3 - <7.7 84.7 69.6
Guinea (74.7t091.2) (63.91t04.8)
Sintayehu*® 2023  Ethiopia Cross-sectional study 381 26.7 0.53 <6.9 94.8 80.5

outcomes provide clear, standardised criteria that facil-
itate decision-making and policy implementation and
second, pooling individual-level data for continuous
analysis was challenging due to logistical constraints,
variations in data quality and limited access to advanced
statistical tools, making categorical outcomes a more
straightforward, actionable and accessible approach to
addressing public health concerns in LMICs.

A deviation from the PROSPERO protocol in the
manuscript regarding the inclusion of quality assessment
of reference standards is acknowledged, as these factors
contribute to heterogeneity across the studies. However,
the overall methodology remains consistent with the
PROSPERO protocol.

This study highlights the need for standardised
measurement protocols and improved data collection
methods. By carefully examining the quality of evidence

(93210 96.1)  (77.9 to 82.9)

related to reference standards, we recommend imple-
menting uniform protocols for PCS and FL measure-
ments across LMICs to ensure consistency and reliability.
Additionally, it is crucial to invest in robust data collec-
tion and management systems to enhance the accuracy
and applicability of GA and birthweight assessments.
Furthermore, the policies should prioritise skill develop-
ment, quality assurance and supportive supervision for
healthcare providers conducting GA and birthweight
assessments. These measures will ultimately lead to better
neonatal health outcomes.

CONCLUSION

In conclusion, this review reveals significant varia-
bility and methodological inconsistencies in using PCS
methods and FL. measurements for estimating GA and
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LBW in LMICs. The observed high heterogeneity across
studies suggests a cautious interpretation of the results
and calls for future research to be focused on validating
and adapting these tools to better suit the specific
contexts of diverse LMIC settings.
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