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Bilirubin/albumin (B/A) ratios correlate with unbound
bilirubin levels in preterm infants

Shinya Abe’, Kazumichi Fujioka', Ruka Nakasone’, Shutaro Suga’, Mariko Ashina', Kosuke Nishida', Ronald J. Wong? and

Kazumoto lijima’

BACKGROUND: A strong correlation between the bilirubin/albumin (B/A) ratio and unbound bilirubin (UB) levels in newborns
>35 weeks of gestation has been reported. However, in preterm infants, the usefulness of B/A ratios remains unclear.
METHODS: We obtained serum from 381 newborns <35 weeks of gestation. UB levels were measured using the glucose oxidase-
peroxidase method. Total serum bilirubin (TB) and albumin (Alb) concentrations were measured spectrophotometrically. Samples
were then stratified into two groups based on the infant’s phototherapy use. B/A ratios were calculated and correlated with UB
levels. Samples taken from infants prior to or never receiving phototherapy (No PTx) were then stratified by gestational age (GA)
epochs: 22-27, 28-29, 30-31, and 32-34 weeks and B/A ratios correlated with UB levels.

RESULTS: B/A ratios significantly correlated with UB levels in samples from the No PTx cohort (n = 1250; y = 1.83x — 0.15, r* = 0.93)
when compared with samples from infants post-phototherapy (Post-PTx, n = 2039; y = 1.05x + 0.09, > = 0.69). Even when stratified

by GA, the correlation remained.

CONCLUSIONS: In preterm infants <35 weeks of gestation, B/A ratios correlated with UB levels better in infants prior to or never
receiving phototherapy than in those infants receiving phototherapy.

Pediatric Research (2021) 89:1427-1431; https://doi.org/10.1038/541390-020-01351-z

IMPACT:

® The bilirubin/albumin (B/A) ratio significantly correlates with unbound bilirubin (UB) levels in preterm infants <35 weeks of

gestation.

® The B/A ratio can be used as an index of UB levels in preterm infants <35 weeks of gestation.
® The B/A ratio is useful, especially when UB measurements are not available, for managing hyperbilirubinemia in preterm infants.

INTRODUCTION
Bilirubin, the causative agent of neonatal jaundice, is neurotoxic.
Therefore, significant hyperbilirubinemia can lead to bilirubin
encephalopathy and/or long-term neurological sequelae. In
circulation, bilirubin is primarily bound to albumin (Alb), and the
remainder is present as “free” or unbound bilirubin (UB)." UB is a
known sensitive biomarker of bilirubin encephalopathy because of
its high permeability to the central nervous system.? In a
multicenter study, Morioka et al. have shown the utility of using
measurement of UB levels to assess an infant’s risk of developing
bilirubin encephalopathy. They reported that 39% of very low
birth weight (VLBW) infants, who ultimately developed bilirubin
encephalopathy, had high serum levels of UB but not high levels
of total serum bilirubin (TB).> However, measurements of serum
UB concentrations are only routinely performed currently in Japan.
Therefore, to identify infants at risk for developing bilirubin
neurotoxicity, several other parameters have been evaluated,
including the bilirubin-binding capacity (BBC), which is an index of
the ability of Alb to bind bilirubin,**> and the bilirubin/Alb (B/A)
ratio.® Hematofluorometry, which is based on bilirubin fluores-
cence, has been used to measure BBC;” however, it has only been

used in the research setting and is not applicable for routine use in
clinical practice.? In contrast, the B/A ratio has been used and can
be easily calculated.®*™""

The 2004 American Academy of Pediatrics guideline has
recommend the use of the B/A ratio to guide the initiation of
exchange transfusions in infants =35 weeks of gestation.'?
Previously, our group has demonstrated a strong correlation
between B/A ratios and serum UB levels in infants >35 weeks of
gestation.'® Conversely, Amin et al. reported only a weak
correlation between the B/A ratio and peak UB levels in infants
born between 24 and 33 weeks of gestation after controlling for
confounding factors.'* Hence, the clinical utility of the B/A ratio in
infants <35 weeks of gestation is still controversial.

In a prospective cohort study by Ritter et al., the B/A ratio was
found to be highly elevated in VLBW infants who later develop
bilirubin encephalopathy.® Similarly, Govaert et al. retrospectively
found that 5 preterm infants with kernicterus associated with the
changes in the globus pallidus had increased B/A ratios (0.58-0.76)
but TB levels below exchange transfusion thresholds."®

In contrast, Amin et al. prospectively examined the usefulness of
the B/A ratio and UB levels as compared with TB in predicting
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bilirubin encephalopathy by assessing auditory brainstem
responses (ABRs) in infants of 28-32 weeks of gestation. They
reported that peak UB levels, but not B/A ratios, were significantly
higher in infants with abnormal ABR maturation than in those with
normal maturation." Recently, Hulzebos et al. reported that
neurodevelopmental outcomes in infants <32 weeks of gestation
were not improved after including the B/A ratio into the
management criteria in their randomized controlled trial.'> The
discrepancy between these studies might be due to the lack of
universally established hyperbilirubinemia management criteria
regarding the use of B/A ratios in combination with TB levels.

Since 1992, we have routinely measured UB levels in our infants
to manage neonatal hyperbilirubinemia in Japan.'® Therefore, in
this study, we determined the usefulness of B/A ratios in the
management of hyperbilirubinemia in preterm infants <35 weeks
of gestation by retrospectively examining the correlation between
B/A ratios and UB levels.

METHODS
Patients and samples
In this retrospective observational study, medical records from all
newborn infants <35 weeks of gestation born at the Kobe
University Hospital, a tertiary perinatal center located in Kobe city,
were reviewed from January 2014 to December 2018. The
treatment thresholds for TB and UB concentrations were based
on the treatment criteria established by Morioka et al. (Supple-
mentary Fig. S1)."” This study was approved by the Institutional
Review Board of Kobe University Graduate School of Medicine
(#B190144, 29/Aug/2019). All parents gave written informed
consent for the use of personal medical data in research.

After collection, whole blood samples were promptly centri-
fuged and serum was obtained. UB, TB, direct bilirubin (DB), and

Alb levels were then measured. Following our treatment criteria,
infants received phototherapy based on TB or UB threshold levels
stratified by post-conceptional age.'®'” We recorded the following
clinical characteristics: gestational age (GA), birth weight (BW),
Apgar scores, sex, TB, DB, Alb, and UB up to 14 days of age. We
only included test results of blood collected at the earliest time
point if the test was performed multiple times on the same day to
prevent any possibility of selection bias. In addition, we excluded
samples when the DB >2.0 mg/dL, since it is known that the UB
values determined by the UB analyzer (Arrows, Osaka, Japan) are
inaccurate when DB value exceeds this value.'®

Because when exposed to light, bilirubin is converted into
structural isomers that can affect its binding to Alb,"9%° we
categorized the samples into two groups: (1) those collected from
infants prior to (n = 338) or never receiving (n = 43) phototherapy
(No PTx); and (2) those collected from infants after receiving
phototherapy (Post-PTx, n =338, Fig. 1). We decided that it was
feasible to combine samples from infants prior to receiving and
who never received phototherapy because TB, Alb, UB, B/A ratios
(Supplementary Fig. S2) and correlations were similar in samples
from infants who never received phototherapy (y = 1.55x — 0.10,
r*=0.85, p<0.0001, Supplementary Fig. S3a) and in samples
taken from infants prior to receiving phototherapy (y = 1.86x —
0.15, = 0.89, p < 0.0001, Supplementary Fig. S3b).

Of the 381 patients enrolled, 3395 samples were collected from
0 to 14 days of age (Fig. 1). Our No PTx cohort consisted of
196 samples taken from infants who had never received
phototherapy (n =43) and 1088 samples taken from infants prior
to receiving phototherapy (n = 338) for a total of 1284. Of these,
based on our criteria, 4 and 30 samples were excluded,
respectively, due to incomplete data (missing at least one TB,
UB, DB, or Alb value), resulting in a final total of 1250. Our Post-PTx
cohort consisted of 2111 samples that were collected from infants

from 381 recruited infants

3395 samples collected at <14 days of age

196 samples collected from 43
patients who never received
phototherapy

3199 samples collected from
338 patients who received
phototherapy

1088 samples taken
prior to phototherapy

2111 samples taken
post phototherapy

4 samples excluded because
of incomplete data

30 samples excluded because
of incomplete data

33 samples excluded because
of incomplete data

192 1058
samples samples

Cohort 1
(n=1250)

39 samples excluded
because of DB >2.0 mg/dL

Cohort 2
(n=2039)

3289 samples

Fig. 1 Patient flow diagram. Samples were divided into: (1) those taken from the patients prior to or never receiving phototherapy (No PTx
cohort) and (2) those taken from the patients who had received phototherapy (Post-PTx cohort). DB direct bilirubin.
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Table 1. Clinical characteristics of the entire cohort and stratified by gestational age in weeks.
Gestational age (weeks)
All 22-27 28-29 30-31 32-34
Number of infants 381 65 51 69 196
Median birth weight, g 1604 (284-2962) 652 (284-1220) 1148 (516-1612) 1464 (744-2236) 1996 (1048-2962)
Male 205 (54%) 33 (51%) 32 (63%) 39 (57%) 101 (52%)
Apgar Score @ 1 min 7 (0-10) 4 (0-9) 6 (1-9) 7 (1-10) 8 (1-9)
Apgar Score @ 5min 8 (0-10) 7 (2-9) 8 (2-9) 8 (0-10) 9 (1-10)
ABPC 185 (49%) 12 (19%) 29 (57%) 52 (75%) 92 (47%)
ABPC+AMK 72 (19%) 53 (82%) 12 (24%) 5 (7%) 2 (1%)
Indomethacin 63 (17%) 44 (68%) 9 (18%) 7 (10%) 3 (2%)
Phototherapy 338 (89%) 62 (95%) 50 (98%) 62 (90%) 164 (84%)
Data are expressed as median (range) or number (%).
ABPC ampicillin, AMK amikacin.
after receiving phototherapy (n = 338). Of these, 72 samples were
excluded due to incomplete data (n = 33) or having DB 22.0 mg/ a y=183x-015 b y=105x+009
dL (n = 39) for a total of 2039. <0001 <0001
5 1.4 - = 1.4 -
Measurement of UB, TB, Alb, and DB levels % %
Serum UB levels were measured using an automated UB Analyzer 2 121 2 127
(Arrows) via the glucose oxidase-peroxidase (GOD-POD) method 5 1.0 & 1.0
as previously described.?'?2 TB, Alb, and DB levels were measured T T
using spectrophotometry, the modified bromocresol purple £ 0.8 4 £ 0.8 -
method, and the bilirubin oxidase method, respectively. 3 3
5 0.6 - 5 0.6
Calculation of the B/A ratio and BBC ; 0.4 4 ; 0.4 4 -5k
Based on our previous reports,'® TB in mg/dL, UB in ug/dL, and Alb = = <
in g/dL were converted to umol/L by dividing each by 0.0546, g 0.2 - g 0.2
54.6, and 0.0066741, respectively. The B/A ratio and Alb-bound o 5]
bilirubin concentrations (binding constants) were calculated as @ 0.0 - ®? 0.0 +— T T 1
follows:'3 0.0 02 04 06 08 00 02 04 06 08

B/Aratio =[TB]/[Alb]

Binding constants =[TB]/[UB] x ([Alb]—[TB])

Correlation of B/A ratios and UB levels

The correlation of B/A ratios and serum UB levels was calculated
for all enrolled newborns and then stratified by phototherapy use
and by GA: (A) infants <28 weeks, (B) infants 28-29 weeks, (C)
infants 30-31 weeks, and (D) infants 32-34 weeks. Binding
constants were calculated and compared to evaluate the
differences between the groups.

Cut-off value of B/A ratio for predicting UB = 0.6 pg/dL

Because we have reported that a UB value of 0.6ug/dL is
predictive of developing bilirubin encephalopathy, we determined
the cut-off value of the B/A ratio.”®

Statistical analyses

Data were described as median (range) or n (%). Regression
analysis was performed to linearly compare between B/A ratios
and UB levels, and regression equation and correlation coefficients
(") were calculated. Statistical significance was determined using
Mann-Whitney U test for comparisons of BBC between the
groups. To determine the cut-off value of B/A ratio at UB >0.6 pug/
dL, receiver operating characteristic (ROC) curves by logistic
regression analyses were generated, and the point where area
under the curve is maximal was taken as the cut-off point.
Correlations and differences were deemed statistically significant
when p <0.05.

Pediatric Research (2021) 89:1427 - 1431
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Fig. 2 Correlation of the bilirubin/albumin (B/A) ratio and serum
unbound bilirubin (UB) levels in newborns <35 weeks of
gestation. B/A ratios: a significantly correlated with UB levels in
samples in the No PTx group (n = 1250; y = 1.83x — 0.15, ?=093,p
<0.0001); however, b this correlation was weaker in the Post-PTx
group (n =2039; y = 1.05x + 0.09, ?=0.69, p < 0.0001).

RESULTS

The clinical characteristics of the 381 enrolled infants are shown in
Table 1. The medians (ranges) of GA and BW were 32 (22-34)
weeks and 1604 g (284-2962), respectively. Two hundred and five
infants (54%) were male and median (range) Apgar scores were 4
(0-9) at 1 min and 7 (2-9) at 5 min. One hundred and eighty-five
infants (49%) received antibiotic treatment with ampicillin (ABPC),
72 infants (19%) received antibiotic treatment with ABPC with
amikacin, and 124 infants (33%) received no antibiotics. In
addition, 63 infants (17%) received indomethacin for the
treatment of patent ductus arteriosus, and 338 infants (89%)
received phototherapy (Table 1).

Correlations of B/A ratios with UB levels for both No PTx and
Post-PTx groups are shown in Fig. 2. B/A ratios significantly
correlated with UB levels only in the No PTx group (y = 1.83x —
0.15, #=0.93, p<0.0001, Fig. 2a). In the Post-PTx group, the
correlation was, however, weaker (y = 1.05x + 0.09, * = 0.69, p <
0.0001, Fig. 2b).

When we stratified the No PTx samples based on GA [(A)
<28 weeks (n = 65, Supplementary Fig. S4a), (B) 28-29 weeks (n =
51, Supplementary Fig. S4b), (C) 30-31 weeks (n =69, Supple-
mentary Fig. S4c), and (D) 32-34 weeks (n = 196, Supplementary
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Fig. 3 The distribution of the bilirubin/albumin (B/A) ratio as a
function of binding constants for the samples from infants who
never received phototherapy. Binding constants for a B/A ratio 20.2
(n=797) was significantly lower than a B/A ratio <0.2 (n =453, p<
0.0001).

Table 2. Binding constants vs B/A ratio <0.2 and >0/2.

B/A ratio p

<0.2 (h=453) >0.2 (n=797)
Binding constant (L/umol) 131.0 (35.0-694) 64.2 (34.0-305) <0.0001
TB (mg/dL) 2.6 (0.9-5.7) 8.7 (3.0-20.1) <0.0001
Alb (g/dL) 3.0 (0.6-4.4) 3.1 (1.6-4.7) <0.0001
UB (ug/dL) 0.05 (0.01-0.30) 0.45 (0.11-2.84) <0.0001

Data are expressed as median (range).

Fig. S4d), respectivelyl], B/A ratios significantly correlated with UB
levels at all GAs: (A) y=1.83x — 0.15, ? =0.88; (B) y=2.02x—0.18,
?=0.93; (C); y=1.91x — 0.16, # = 0.94; and (D) y = 1.76x — 0.14,
r* =0.94, p <0.0001 for all the groups.

The distribution of the B/A ratio as a function of binding constants
for the No PTx group is shown in Fig. 3. When the relationship
between the B/A ratio and the binding constant was examined, we
found that the binding constant was similar in samples with a B/A
ratio =0.2 (n = 797) but was significantly lower in samples with a B/A
ratio <0.2 (n =453, p <0.0001, Table 2 and Supplementary Fig. S5).

A serum UB =0.6pg/dL is widely used as a criterion for the
initiation of phototherapy in Japan. Thus we calculated the cut-off
value of the B/A ratio to predict serum UB levels >0.6 pg/dL by ROC
curves. We found that a B/A ratio cut-off value was 0.36 in all patients
(sensitivity: 93%, specificity: 88%), 0.29 in A group (sensitivity: 100%,
specificity: 93%), 0.33 in B group (sensitivity: 92%, specificity: 87%),
0.36 in C group (sensitivity: 92%, specificity: 91%), and 0.39 in D
group (sensitivity: 90%, specificity: 87%) (Table 3).

DISCUSSION

We have found that B/A ratios significantly correlated with UB
levels in preterm infants <35 weeks of gestation. In infants not
undergoing phototherapy, a UB level of 0.6 ug/dL correlated with
a B/A ratio of 0.36 in all infants, and 0.29 at 22-27, 0.33 at 28-29,
0.36 at 30-31, and 0.39 at 32-34 weeks of gestation.

Similar to our previous study with infants >35 weeks of
gestation,'® we found a strong correlation between B/A ratios
and UB levels even in preterm infants <35 weeks of gestation. To
date, there have been a few studies reporting that there is no
clinical utility in using B/A ratios to manage hyperbilirubinemia in
preterm infants. Amin et al. characterized the early postnatal
changes of jaundice markers such as the B/A ratio and binding
affinity in 166 preterm infants <33 weeks of gestation and
concluded that the B/A ratio was not a useful index of UB values

SPRINGERNATURE

Table 3. Cut-off values of the B/A ratio to serum UB threshold levels of
0.6 pg/dL stratified by gestational age in weeks for the No PTx cohort.

Gestational age (weeks)

All 22-27 28-29 30-31 32-34
Number of infants 381 65 51 69 96
Number of samples 1250 163 149 252 686
Cut-off value (AUC) 0.36 0.29 0.33 0.36 0.38

(0.958) (0.982) (0.949) (0.958) (0.953)
Sensitivity (%) 93 100 92 92 90
Specificity (%) 88 93 87 91 87
Positive predictive 61 35 43 63 67
value (%)
Negative predictive 98 100 99 98 97

value (%)

AUC area under the curve.

in this population.* They did not, however, categorize infants by
phototherapy use in their study. Based on our results, the correlation
of B/A ratios and UB values is dependent upon light exposure. There
have been several reports showing that phototherapy has little or
no effect on BBC.2*>** During phototherapy, bilirubin is converted
into water-soluble optical isomers, which results in increased
intestinal and urinary excretion of bilirubin.'® Bilirubin isomers
however have been reported to have a reduced binding to Alb.'®?°
Hegyi et al. have shown in a retrospective study of 117 preterm
infants that a correlation between TB and UB was stronger in
samples taken from infants who never received phototherapy (7 =
0.26) but weaker in those taken from infants who underwent
phototherapy (> =0.08)%> confirming our findings that B/A ratios
can be used as an index of UB values in infants in our No PTx cohort.

In a randomized controlled trial of 615 preterm infants who
were born <32 weeks of gestation, Hulzebos et al. showed that B/
A ratios used in combination with TB levels to manage infants with
hyperbilirubinemia did not improve neurodevelopmental out-
comes compared with using TB alone.”” They defined their
treatment threshold of TB and B/A ratio based on BW and risk
factors from previously published criteria.?%?’

In this study, we found that B/A ratios are highly correlated with
UB levels even in very preterm infants. Preterm infants are known
to be prone to bilirubin-induced neurological dysfunction due to
susceptibility of their developing and immature central nervous
system to bilirubin toxicity.”*° As mentioned above, Morioka
et al. examined the TB and UB levels in extremely low birth weight
(ELBW) infants who were subsequently diagnosed with kernicterus
and found that 89% had high UB levels; whereas only 56% had
high TB levels. They concluded that high UB levels predicted
kernicterus in ELBW infants with a sensitivity of 90%.> Since the
number of samples evaluated in this study was sufficiently large
compared with previous reports, we were able to adequately
examine the correlation between B/A ratios and UB levels
stratified by GA epochs.

In addition, we also showed that the binding constants were
constant when the B/A ratio is >0.2. Based on our results, all the
samples with a B/A ratio <0.2 have a TB value of <6.0 (median 2.6
mg/dL [0.9-5.7]), thus we believe that B/A ratios can be used as an
index of UB levels when TB is =6.0 mg/dL. This indicates that the
B/A ratio is a good predictor of UB in most preterm infants who
require treatment for extreme hyperbilirubinemia but not in
infants with very low TB levels (even when assuming constant Alb
levels), such as immediately after birth.

Our study had some limitations. First, the binding state of
bilirubin and Alb was not measured directly. UB obtained by the
GOD-POD method and binding affinity was obtained by

Pediatric Research (2021) 89:1427 — 1431



calculation. There is concern that the peroxidase method might be
affected by substances that compete with the peroxidation
reaction such as hemoglobin and vitamins.3" Although there are
reports that state that these substances do not affect the binding
affinity, a more accurate relationship between UB and B/A ratio
can be obtained by measuring BBC.* Second, our total sample
numbers included multiple time points for some of the infants,
which may have led to a bias in our analyses. Moreover, our No
PTx cohort included samples from infants never receiving
phototherapy and from infants prior to phototherapy, and a
larger multicenter study comparing B/A ratios and UB levels in
samples taken from the same infant pre- and post-phototherapy is
warranted and now underway. In addition, we did not stratify the
subjects by clinical factors such as hypoxia, acidosis, sepsis, or use
of a bilirubin displacer, which might also affect bilirubin-Alb
binding affinity. Our criteria for the management of neonatal
hyperbilirubinemia does not require stratification by clinical
factors'®'” and is different from the criteria used in US, where
risk is stratified based on the clinical risk.'*?%?” Thus we have tried
to reduce this bias by stratifying based on GA. However, in order
to extrapolate our findings to the clinical setting, it is necessary to
prospectively examine the correlation between B/A ratios and UB
levels stratified by clinical risk factors.

CONCLUSIONS
In this retrospective study, we found that the B/A ratio can be
used as an index of serum UB levels in preterm infants <35 weeks
of gestation. This might be useful, especially when UB measure-
ments are not available, for managing hyperbilirubinemia in
preterm infants.
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