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Abstract Objective Currently available gestational age scoring systems are complex and
inaccurate for wider use in low- and middle-income countries (LMIC), particularly in
infants with neonatal encephalopathy. Here, we aimed to develop a scoring system
based on physical characteristics for identifying late preterm infants from term infants.
Study Design This was a prospective observational study conducted in 2 phases- the
discovery phase and validation phase. In the first phase, we examined the accuracy of
10 objective physical characteristics in a prospective cohort of 1,006 infants recruited
from three hospitals in South India. A weighted scoring system and a photo card were
then developed based on the six best performing characteristics which were validated
in another prospective cohort of 1,004 infants.
Results The final score had a sensitivity of 66.0% (95% confidence intervals [CIs],
58.4–73.8%), specificity of 80.0% (95% CI, 77.2–82.7%), and a negative predictive value
of 93.0% (95% CI, 90.5–94.5%).
Conclusion This scoring system may have wider applications in LMIC, particularly in
community settings and in infants with neonatal encephalopathy.

Key Points
• This is an easily administered scoring system using physical characters to identify late preterm infants.
• The scoring is not affected by neurological injury and can be used in encephalopathic infants.
• Overall accuracy is better than previous scores encompassing the physical criteria alone.
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Identifying late preterm infants from term infants is impor-
tant to guide the clinical care. This is often challenging in
low- and middle-income countries (LMIC) settings, where
last menstrual period (LMP) date is unknown or uncertain,
and first-trimester ultrasound dating scan is unavailable.
Well-established scoring systems for newborns such as the
new Ballard et al’s1 or Dubowitz et al’s score2 predict
gestational age with good accuracy but require the use of
complex neurologic criteria and trained specialists to ad-
minister the scoring. This limits the applicability of these
scores in the assessment of newborns with neurological
abnormalities affecting the tone and posture such as hypoxic
ischemic encephalopathy, metabolic disorders, epileptic en-
cephalopathies, or structural brain malformations and in
growth-restricted infants. These complex scores are also less
generalizable to the community settings in LMIC where
specialist neonatology services might be limited.

Although 18 different gestational age scoring systems
have been described previously, the ones that perform the
best involve these complex neurologic criteria. A systematic
review done by Lee et al3 on the performance of various
gestational assessment scores found that the studies involv-
ing physical criteria alone were of poor quality and per-
formed poorly in terms of accuracy. This is a gap in the
existing scoring systems and emphasizes the need for a
simpler and more generalizable gestational assessment
score for the LMIC setting. In this study, we developed and
validated a gestational assessment scoring system to identify
term infants from late preterm infants based on easily
identifiable physical characteristics that has potential for
wider use in LMIC.

Materials and Methods

We conducted a nested study within a multicenter prospec-
tive observational study involving infants born at or after
35 weeks of gestation between October 2020 and Au-
gust 2021 at three tertiary neonatal units in South India—
Government Medical College, Kozhikode; Karnataka Insti-
tute of Medical Sciences, Hubballi; and Bangalore Medical
College, Karnataka, India (trial registration number:
NCT04054453). Prior to the start of the study, we critically
reviewed all the 18 published gestational assessment scoring
systems and selected 10 objective physical maturity compo-
nents (►Supplementary Table S1; available in the online
version) that can be easily used by nonphysicians.3

In the first phase, we examined the accuracy of all the 10
components in 1,006 infants (discovery cohort) and identi-
fied the best performing components which were subse-
quently used to develop a weighted score. In the second
phase, we developed a photo chart (►Fig. 1) of the compo-
nents of this weighted and optimized score, trained neonatal
and obstetric nursing staff at each study site in using this
chart, and then validated the weighted score in another
cohort of 1,004 infants (validation cohort).

All the assessments were performedwithin 72 hours after
birth by an examiner (neonatal or obstetric nurse) masked to
the gestational age.We included only infants whose accurate

gestational age was available, either from the LMP or the
first-trimester ultrasound scan. Mothers with irregular
cycles and whose LMP is unknown were excluded from the
study.

Statistical Analysis
In the discovery phase, associations between each physical
characteristic and a late preterm birth were assessed using
the chi-square test and the joint associations with multiple
logistic regression analysis. A backward selection procedure
was used to retain only the statistically significant variables
which was used to create a weighted scoring system to
predict a preterm birth by considering the size of the
regression coefficients from the model (►Table 1).
This score was then validated in the second phase using
receiver operating characteristics (ROC) curves, and the
diagnostic predictive ability of the score was calculated
with sensitivity, specificity, and positive and negative pre-
dictive values.

Assuming a specificity of 80% for the new score, precision
of 8%, 1�α of 95%, with a prevalence of preterm gestation of
15%, 886 infants were required to validate the score. We
increased the sample size to 1,000 infants to account for a
potentially lower specificity.

Results

Of the 1,006 discovery cohort infants, data on 928 infants
were analyzed (►Fig. 2). The mean (standard deviation
[SD]) gestational age as per LMP or first dating scan was
37.9 (1.5) weeks. Gestational age was estimated by first-
trimester ultrasound in 414 (44.6%) and by regular LMP in
514 (55.4%) infants. Although all the 10 components were
associated with prematurity on univariate analysis
(p<0.001), only 6 showed a significant association on
multiple logistic regression analysis. These were lanugo
hairs (p¼0.001), plantar crease (p � 0.001), breast bud (p
� 0.001), nipple color (p¼0.04), genitalia color (p � 0.001),
and nail size (p¼0.03). The area under ROC curve was 0.83
(95% confidence interval [CI], 0.80–0.87), and a value of � 4
for the score had a sensitivity of 82.1% and specificity of
74.6%.

Of the 1,004 validation cohort infants, data on 977 were
analyzed (►Fig. 2). The clinical characteristics of validation
cohort were similar to the discovery cohort (►Table 2). The
mean (SD) gestational age was 38.0 (1.5) weeks. Gestational
age was estimated by first-trimester ultrasound in 572
(58.5%) and by regular LMP in 405 (41.5%) infants. The
optimized score including six components had an area
under ROC of 0.73 (95% CI, 0.69–0.78). A score of 4 or
more had a sensitivity and specificity of 66.7 and 80.0%,
respectively, for identifying late preterm infants from term
infants. Positive predictive value and negative predictive
value were 38.6 and 92.7%, respectively (►Table 3). The
overall accuracy of the score was 77.8%. In the subgroup of
infants with neonatal encephalopathy (n¼28), accuracy
was 75.0% and in small for gestational age infants
(n¼254), the accuracy was 64.9%.
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Fig. 1 Photo card for assessment of the physical maturity scoring.
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Discussion

In this large prospective study involving a total of 2,010
infants from South India, we found that an objective and
weighted physical maturity gestation score accurately iden-
tified late preterm infants from full term infants. Our scoring
system can be used with minimal training using a small
photo card and does not require any complex neurological
assessments. Hence, this scoring system has wider applica-
bility in LMIC especially in community settings, and in
infants with neonatal encephalopathy where systems based
on neurological criteria cannot be used. Each of the 10
physical characteristics in the discovery phase was signifi-
cantly associated with the prediction of preterm gestation.
However, we found a combination of six physical features—
lanugo, plantar creases, breast bud, nipple color, genitalia
color, and nail size, as the best to differentiate a late preterm
infant from a term infant.

Although gestational assessment scores based on complex
and detailed neurological assessments such as the Dubowitz

et al’s2 and new Ballard et al’s1 are more accurate than our
scoring system, these scores are of little use in community
settings in LMICs and for assessments of infants with neona-
tal encephalopathy. A large community-based cohort vali-
dation study from Bangladesh reported that the published
scoring systems had poor accuracy in community settings
with sensitivities and specificities as low as 5%.4 In contrast,
our scoring system with only six components is simple and
feasible to perform with minimal training and have much
higher accuracy (78%).

Strengths and Limitations

The key strengths of the study are the large number of
infants included and the rigorous methodology followed.
Our assessors included nurses from both obstetric and
neonatal disciplines, highlighting the generalizability of
the scoring administration. The ease of assessment was
facilitated with the help of a pocket-sized photo card
describing the physical characteristics to be identified. As

Fig. 2 Flow diagram of recruitment of infants to the study. †NE, neonatal encephalopathy; ‡LMP, last menstrual period.

Table 1 Final multivariable regression model results

Preterm characteristic Multivariable analysis Score

OR (95% CI) p-Value Coefficient Points

Abundant lanugo 2.01 (1.35–3.00) 0.001 0.70 1

Superficial or absent plantar crease 2.41 (1.60–6.63) <0.001 0.88 2

Breast bud less than 5mm 2.74 (1.74–4.30) <0.001 1.01 2

Nipple color pinkish/light brown 1.61 (1.01–2.56) 0.04 0.48 1

Genitalia color pinkish/light brown 2.53 (1.65–3.89) <0.001 0.93 2

Short nails 1.65 (1.06–2.55) 0.03 0.50 1

Abbreviations: CI, confidence interval; OR, odds ratio.
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there are no neurological components, this score may be
suitable in infants with neonatal encephalopathy. Even
though the numbers of infants with neonatal encephalopa-
thy were small, the accuracy of scoring system in this
subgroup (75.0%) was similar to the overall accuracy
(77.8%).

Our study has some limitations. First, we tested the score
only in late preterm and term infants and not across the
entire range of prematurity. This was intentional, as we
wanted to develop a scoring system for wider use outside
neonatal intensive care settings,where extremely premature
infants would be cared for by specialist physicians. Second,
although we recognize that fetal ultrasound is the gold

standard for validation, we had to rely on regular, well-
recalled LMP in 55.4% infants in discovery cohort and
41.5% infants in the validation cohort. This limitation was
due to unavailability of first-trimester dating scan in those
mothers. We did take care to include cases where LMP was
accurately known, and mother reported regular menstrual
cycles. Finally, we did not examine the interrater reliability
test for our scoring system in this study.

Conclusion

Our newgestational assessment scoring system consisting of
six physical characteristics can identify late preterm infants
from term infants with reasonable accuracy and has wider
applicability in community settings and for assessment of
infants with neonatal encephalopathy.
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Table 2 Clinical characteristics of the discovery and
validation cohorts

Discovery
phase
(n¼ 928)

Validation
phase
(n¼ 977)

Gestational age, n (%)

35 wk 72 (7.7) 76 (7.8)

36 wk 10 (11.5) 79 (8.1)

37 wk 167 (17.9) 163 (16.7)

38 wk 227 (24.5) 268 (27.4)

39 wk 224 (24) 242 (24.8)

40 wk 116 (12.5) 132 (13.5)

41 wk 11 (1.2) 13 (1.3)

42 wk 4 (0.4) 4 (0.4)

Mean birth weight, g (SD) 2,857 (565)a 2,805 (571)b

Small for gestational age,
n (%)

166 (23.8) 254 (27.1)

Neonatal encephalopathy,
n (%)

25 (2.7) 28 (2.9)

Abbreviation: SD, standard deviation.
aData available only in 696 infants.
bData available only in 937 infants.

Table 3 Diagnostic performance of score for the prediction
of a preterm birth in discovery and validation phases

Statistic Discovery
estimate (95% CI)

Validation
estimate (95% CI)

Sensitivity 82.1% (75.7–87.4%) 66.7% (58.4–73.8%)

Specificity 74.6% (71.4–77.7%) 80.0% (77.2–82.7%)

Positive
predictive
value

43.6% (38.3–49.1%) 38.6% (32.7–44.7%)

Negative
predictive
value

94.6% (92.4–96.3%) 92.7% (90.5–94.5%)

Area under
the curve

0.83 (0.80–0.87) 0.73 (0.69–0.78)

Abbreviations: CI, confidence interval,

American Journal of Perinatology © 2022. The Author(s).

A Neonatal Physical Maturity Score for LMIC Krishnan et al.



References
1 Ballard JL, Khoury JC,Wedig K,Wang L, Eilers-Walsman BL, Lipp R.

New Ballard score, expanded to include extremely premature
infants. J Pediatr 1991;119(03):417–423

2 Dubowitz LM, Dubowitz V, Goldberg C. Clinical assessment of
gestational age in the newborn infant. J Pediatr 1970;77(01):1–10

3 Lee AC, Panchal P, Folger L, et al. Diagnostic accuracy of neonatal
assessment for gestational age determination: a systematic re-
view. Pediatrics 2017;140(06):e20171423

4 Lee AC, Mullany LC, Ladhani K, et al; Projahnmo Study Group.
Validity of newborn clinical assessment to determine gestational
age in Bangladesh. Pediatrics 2016;138(01):e20153303

American Journal of Perinatology © 2022. The Author(s).

A Neonatal Physical Maturity Score for LMIC Krishnan et al.




