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Introduction

Neonatal hyperbilirubinemia is common.! However,
severe cases require hospitalization.? Moreover, signifi-
cant hyperbilirubinemia (SH) can cause neurological
sequelae.’

Excessive weight loss is associated with newborn
jaundice.* Newborns generally lose weight during the
first 3 days of life before their weight begins to rebound.’
On this third day total bilirubin (TB) peaks,' allowing
for the possibility that weight variation (WV) during
these 3 days could be prognostic of SH. Two studies
have evaluated WV measured at both fixed ages® and
variable ages’ for the identification of SH. In clinical
practice WV is usually only available at variable ages.
However, Chang et al” do not show measures of discrim-
inant performance. Clinical prediction of SH could be
useful in low-resource settings where transcutaneous
bilirubinometer is not available. In order to have data to
guide us in carrying out subsequent prospective studies,
we first performed a retrospective study.

The main objective of this study was to determine if
WYV measured at variable ages in the first 72 hours of life
is able to predict SH in jaundiced term newborns.
Moreover, we evaluated whether other variables related
to WV were better predictors of SH and explored predic-
tive models.

Methods

We conducted a retrospective cohort study using medi-
cal records of jaundiced newborns from the Daniel
Alcides Carrion National Hospital (HNDAC) in Lima,
Peru. Infants were included if they were born at term;
had at least 1 weight measurement made when the baby
was bed-sharing with the mother; and had at least 1 total
bilirubin measurement (TBM) made in the emergency
service or when the baby was bed-sharing with the
mother. Subjects were excluded if they had conjugated
hyperbilirubinemia; had TBMs completed only after
120 hours of age or recorded incorrectly; had weight
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measurements taken only at =24 or >72 hours of age or
were illegible; or were hospitalized due to infection or
risk of sepsis.

Period 1 (P1) was defined as being >24to 48 hours of
age and Period 2 (P2) being >48to 72 hours. Our out-
come was SH, defined as a TB for age >95th percen-
tile.® Using this outcome is an approach used
elsewhere”!? as it is almost identical to the phototherapy
threshold for “medium risk” infants from the American
Academy of Pediatrics guideline.”!! WV was defined as
the percentage of weight loss relative to birth weight.
Standardized WV (SWV) was defined as WV divided
by the age in hours at which that weight was measured.
Difference of WV (DWV) was defined as WV in P2
minus WV of P1.

Bilirubin was measured using colorimetric technique
in Wienner lab cb400i and cb350i processors. Weight
was measured at 7 am every day. Other variables were
birth weight, sex, gestational age, cesarean delivery,
blood group incompatibility (as determined based on
charted blood types), maternal age, and parity.

R software 3.5.0 (R Foundation of Computational
Statistics, Vienna, Austria) was used for sample size cal-
culation of ROC analyses, while the rest of the analyses
were completed on Stata IC 15.1 software (StataCorp,
College Station, TX). At all points, a=0.05 was used.
Two hundred six subjects were necessary to calculate
AUC:s (B: 20%; estimated AUC for P1 and P2 were 0.63
and 0.70, respectively®) and 400 were necessary to build
and cross-validate predictive models.!> In order to
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Table I. AUCs of Potential Predictors, Models, and Scores to Predict SH up to 120hours of Age in Jaundiced Term
Neonates Born in the HNDAC Between 2016 and 2017. Cross-Validated AUCs of Models Are Also Shown.

AUC 95% Cl

Measurements in period |

Weight variation (%) (num.) 0.48 0.41-0.54
Weight variation (%) (cat.) 0.54 0.49-0.58
Standardized weight variation (% in 12 hours) (num.) 0.47 0.41-0.54
Standardized weight variation (% in 12 hours) (cat.) 0.55 0.51-0.59
Model | 0.69 0.63-0.75
Model | (cross-fold validation) 0.65 0.59-0.71
Score | 0.66 0.60-0.72
Measurements in period 2

Weight variation (%) (num.) 0.59 0.50-0.68
Weight variation (%) (cat.) 0.58 0.50-0.66
Standardized weight variation (% in [2hours) (num.) 0.63 0.54-0.72
Standardized weight variation (% in 12hours) (cat.) 0.64 0.56-0.72
Model 2 0.78 0.71-0.86
Model 2 (cross-fold validation) 0.75 0.67-0.83
Score 2 0.78 0.71-0.86
Measurements in periods | and 2

Difference of weight variations (%) (num.) 0.67 0.58-0.76
Difference of weight variations (%) (cat.) 0.66 0.58-0.73
Model 3 0.82 0.75-0.89
Model 3 (cross-fold validation) 0.77 0.69-0.85
Score 3 0.82 0.75-0.89

Period |: >24 to 48 hours of age.
Period 2: >48 to 72 hours of age.
Abbreviations: Num., numerical; Cat., categorical.

estimate proportions of reasons for exclusion, a sample
of 350 excluded subjects were analyzed (B: 20%; esti-
mated proportion: 50%; margin of error: 5.2%).

Quantitative variables were analyzed in their true and
categorized forms. Stepwise forward logistic regression
was used to build predictive models for P1, P2, and both
periods (Models 1, 2, and 3, respectively). A P value
<.2 was the entry criterion and there were =10 events
per variable. The Hosmer-Lemeshow test was per-
formed using deciles. Cross-validation was done using 5
folds. Scores were generated by multiplying coefficients
by 10 and rounding to the nearest integer. AUCs were
calculated for variables of interest and for each model.

The project was approved by the HNDAC
Institutional Research Ethics Committee (Official
Letter No. 906-2018/HN.DAC-C-DG/OADI) and by
the Ethics Committee of the Universidad Peruana
Cayetano Heredia (SIDISI Code 102782).

Results

Out of 2079 jaundiced term newborns, 342 met the
selection criteria. The proportion of subjects with a
weight measurement in P1, P2, and both periods was

95.9%, 44.4%, and 40.4%, respectively. Complete infor-
mation for the rest of the variables was available. TB
was similar in Pl (15.5*4.0mg/dl) and P2 (15.7 %
3.4mg/dl). Of all subjects, 60.2% had SH, 51.5% were
female, 31.3% had blood group incompatibility risk and
29.2% were born by cesarean delivery. In P1 and P2,
WV (%) was 5.6 = 2.3 and 7.1 = 2.3, respectively. DWV
(%) was 7.1 =2.3.

Among excluded subjects, 55.1% lacked a TBM,
15.1% had TBMs taken only in an in-patient setting,
21.1% had weight measurements illegible or taken only at
=24 or >72hours of age, 12.9% were hospitalized due to
infection or risk of sepsis and 12.4% had TBMs com-
pleted only after 120 hours of age or recorded incorrectly.
No cases of conjugated hyperbilirubinemia were found.

Among WV, SWV, and DWV, DWYV in its quantita-
tive form exhibited the highest AUC (0.67) (Table 1).

Three predictive models were developed (Table 2).
All models had a P value =.05 on the Hosmer-
Lemeshow test. Cross-validated AUCs did not differ
significantly from original AUCs, with both values fall-
ing within each other’s confidence interval (Table 1).
Model 3 offered the highest AUC (0.82) and best score
(AUC: 0.82) (Table 1).
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Discussion

In this retrospective cohort study, we found that WV,
SWYV, and DWV were not great predictors of SH on their
own (Table 1). However, when other variables were
incorporated into our models, the AUCs of Model 2
(AUC: 0.78, 95% CI: 0.71-0.86) and Model 3 (AUC:
0.82, 95% CI: 0.75-0.89) were remarkable (Table 1).

A previous study has shown that WVs from within
the first 24 hours of life are less indicative of TB levels
than WVs of P1 or P2. This is likely because TB levels
peak closer to the 72 hours mark, thus weight measure-
ments taken later on are more representative of the state
of the newborn at that moment. For this reason, we
excluded from our analyses WVs taken within the first
24 hours of life. Similarly, we excluded subjects with TB
values taken only after 120 hours of age as those values
would not be representative of the TB peak.

We excluded subjects who had TBMs taken only in
an in-patient setting for 2 reasons. First, in-depth medi-
cal records of what occurred throughout the course of
hospitalization were not always available, and, in many
instances, TBMs were taken long after admission, thus
making it difficult to identify the factors that would have
needed to be incorporated into our models. More impor-
tantly, however, is the fact that by not including labora-
tory values as inputs into our models, they are more
suited for use in those settings lacking access to rapid
laboratory testing.

Hospitalized infants at risk of sepsis or with an infec-
tious diagnosis were also excluded. The majority of
newborns with sepsis begin to exhibit signs within the
first 6 hours of life!* and will inevitably undergo a series
of laboratory tests, so it is likely that hyperbilirubinemia
would be quickly identified, resulting in an SH predic-
tion model being of little use.

The availability of information in the clinical records
was a limitation. In spite of this, the AUCs of Models 2
and 3 are comparable to other models available in the
literature.>!%!% The model developed by Han et al'4
(AUC: 0.85) is the most robust in size and was vali-
dated. However, some variables in that model—such as
the feeding method!*—were not registered in HNDAC’s
clinical records.

The number of subjects in our study precluded an
external validation of our models. Still, cross validation
is a well-established alternative.!>!

As HNDAC caters newborns with and without risk
factors, it is reasonable to infer that this study population
reflects birth cohort of the surrounding region.

Of those excluded from the study, 55.1% lacked a
TBM. Probably, these subjects were considered to be
“mild” cases by visual assessment and that no testing
was merited. This limits the applicability of our models

to “moderate” and “severe” cases by visual assessment.
Therefore, in future prospective studies in Peru, TBMs
in all term newborns must be performed.

In conclusion, in this initial retrospective study—the
first on SH in Peru—it can be observed that SWV (in
P2) and DWV have the potential to be considered in the
generation of future models for predicting SH. Besides,
subsequent prospective Peruvian models need to be built
not only in jaundiced term newborns, but rather in all
term newborns.
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