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ABSTRACT. We measured the serum bilirubin concen-
trations in 2,416 consecutive infants admitted to our well-
baby nursery. The maximum serum bilirubin concentra-
tion exceeded 12.9 mg/dL (221 gmol/L) in 147 infants
(6.1%), and these infants were compared with 147 ran-
domly selected control infants with maximum serum
bilirubin levels <12.9 mg/dL. In 66 infants (44.9%), we
identified an apparent cause for the jaundice, but in 81
(55%), no cause was found. Of infants for whom no cause
for hyperbilirubinemia was found, 82.7% were breast-fed
v 46.9% in the control group (P < .0001). Breast-feeding
was significantly associated with hyperbilirubinemia,
even in the first three days of life. The 95th percentile
for bottle-fed infants is a serum bilirubin level of 11.4
mg/dL v 14.5 mg/dL for the breast-fed population, and
the 97th percentiles are 12.4 and 14.8 mg/dL, respec-
tively. Of the formula-fed infants, 2.24% had serum bili-
rubin levels >12.9 mg/dL v 8.97% of breast-fed infants
(P <.000001). When compared with previous large stud-
ies, the incidence of “readily visible” jaundice (serum
bilirubin level >8 mg/dL) appears to be increasing. The
dramatic increase in breast-feeding in the United States
in the last 25 years may explain this observation. There
is a strong association between breast-feeding and jaun-
dice in the healthy newborn infant. Investigations for the
cause of hyperbilirubinemia in healthy breast-fed infants
may not be indicated unless the serum bilirubin level
exceeds approximately 15 mg/dL, whereas in the bottle-
fed infant, such investigations may be indicated if the
serum bilirubin exceeds approximately 12 mg/dL. If pho-
totherapy is ever indicated in healthy term infants, the
overwhelming majority of such infants are likely to be
breast-fed; if breast-feeding is, indeed, the cause of such
jaundice, a more appropriate approach to hyperbilirubi-
nemia in the breast-fed infant might be to treat the cause
(by temporary cessation of nursing) rather than (using
phototherapy to treat) the effect. Pediatrics 1986;78:
837-843; bilirubin, jaundice, newborn infant, breast-feed-
ing.
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Serum bilirubin levels are obtained daily in every
newborn nursery, and important diagnostic and
therapeutic decisions are based on these measure-
ments. But there is a paucity of appropriately con-
ducted studies that document the distribution of
bilirubin levels in normal newborn populations.
Although several prospective studies of the inci-
dence of hyperbilirubinemia in full-term infants
have been published,"""! with two exceptions,™ the
data have not been presented in a manner that
permits definition of the prevalence of different
bilirubin levels. The National Collaborative Peri-
natal Project® was largely responsible for establish-
ing standards for normal neonatal serum bilirubin
levels. In this study, conducted from 1959 to 1966,
serum bilirubin concentrations were obtained pro-
spectively on more than 35,000 infants. However,
numerous factors are known to affect serum bili-
rubin levels.’” For example, although questioned in
the past,®**!* recent studies and our own data
presented here, leave no doubt of the strong asso-
ciation between breast-feeding and jaundice in the
early newborn period.'®® If we are to establish
norms for serum bilirubin levels in newborn infants,
the importance of documenting the prevalence of
breast-feeding in that population is obvious. In this
study, we investigated the association between
serum bilirubin concentrations and breast-feeding,
and we provide prospective data for a large popu-
lation of infants to establish the normal distribu-
tion of serum bilirubin levels.

PATIENTS AND METHODS

We measured the serum bilirubin concentrations
in 2,416 consecutive infants (95% white, 95% >
2,500 g) admitted to our well-baby nursery between
January 1, 1976, and December 31, 1980. The total
serum bilirubin level was measured in every case
on the second or third hospital day (according to a
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standard clinical protocol) and was repeated if the
concentration exceeded 12.9 mg/dL (221 pmol/L [1
mg/dL = 17.10 gmol/L]) or clinical jaundice in-
creased. When the bilirubin concentration exceeded
12.9 mg/dL (221 pmol/L), the following additional
investigations were performed: blood typing, direct
and indirect Coombs’ tests, reticulocyte count, he-
matocrit, white blood cell count and differential
count, smear for red cell morphology, and total and
direct serum bilirubin concentrations. The maxi-
mum serum bilirubin level exceeded 12.9 mg/dL in
147 infants (6.1%). These infants constituted our
“hyperbilirubinemic” group. From the remaining
2,269 infants with serum bilirubin levels =12.9 mg/
dL, we randomly selected a control group of 147
infants and compared them with the test group for
a number of variables. (Preliminary analysis of the
effect of these variables on bilirubin levels has been
presented® and will be reported in full subse-
quently.) Information on feeding, birth weight, and
weight loss was obtained from a nursery log kept
on every baby.

Serum bilirubin measurements were performed
by a modified diazo method using an automatic
clinical analyzer (ACA III Instruction Manual,
DuPont Co, Clinical Systems Division, Wilming-
ton, DE). At serum bilirubin levels of 2.5, 4.2, and
19.4 mg/dL (Ohmeda Chemistry Control Sera, Hy-
land Diagnostics Corp, Bannockburn, IL), 30 re-
peated determinations showed standard deviations
of 0.1, 0.18, and 0.3 mg/dL with coefficients of
variation of 4.6%, 4.2%, and 1.5%, respectively. The
data were analyzed using the Fisher exact test for
nominal data and a pooled ¢ test for continuous
data.

RESULTS

The results are shown in Tables 1 to 3. One
hundred forty-seven infants (6.1%) had a serum

bilirubin concentration >12.9 mg/dL. In 66
(44.9%), we identified an apparent cause for the
jaundice (Table 1), but in 81 (55%), no cause was
found (confirming our previous observations'). Of
infants in whom no cause for hyperbilirubinemia
was found, 82.7% were breast-fed v 46.9% in the
control group (P < .00001). Breast-feeding was
significantly associated with hyperbilirubinemia,
even in the first three days of life (Table 1). The
distribution of maximum total serum bilirubin lev-
els for breast-fed and bottle-fed infants, and all
infants with birth weights >2,500 is shown in Table
2 and the Figure. This information by percentile
rank is shown in Table 3. The differences between
the breast-fed and bottle-fed populations are ob-
vious. Of the formula-fed infants, only 2.24% had
serum bilirubin levels >12.9 mg/dL v 8.97% of the
breast-fed infants (P < .000001). The mean maxi-
mum serum bilirubin level for 1,026 bottle-fed in-
fants was 5.7 + 3.3 (SD) mg/dL v 7.3 = 3.9 mg/dL
for 1,260 breast-fed infants (P < .0001). The 95th
percentile for bottle-fed infants was a serum bili-
rubin level of 11.4 mg/dL v 14.5 mg/dL for the
breast-fed population and the 97th percentiles were
12.4 and 15.7 mg/dL, respectively. Breast-fed in-
fants lost, on average, 6.9% of their birth weight,
whereas bottle-fed infants lost 4.2% (P < .02).

DISCUSSION

Our data confirm the striking association be-
tween breast-feeding and hyperbilirubinemia. Of
infants for whom no apparent cause for hyperbili-
rubinemia was found, 83% were breast-fed. These
findings and those of several other investiga-
tors,’>? leave no doubt that breast-feeding is
strongly associated with increased serum bilirubin
levels, not only on days 5 and 6 of life and
later'1+27-2% hut also in the first three to four days.
Although some previous studies found no signifi-

TABLE 1. Feeding and Hyperbilirubinemia
Feeding No. (%) of No. (%) of Infants With
Infants With Maximum Serum Bilirubin
Maximum Serum >12.9 mg/dL
Bilirubin (n = 147)
= e
‘}ﬁ"inl‘%?l‘ All Babies Hyperbili- Hyperbili-
(n = 147) rubinemia Before rubinemia by
Discharge With Day 3 With No
No Apparent Apparent Cause
Cause (n = 57)
(n=81)
Breast-fed 69 (46.9) 117 (79.8)1 67 (82.7)t 46 (80.7)1
Bottle-fed 71 (48.3) 26 (17.7) 10 (12.3) 8 (14.0)
Breast- and bottle-fed 7 (4.8) 4 (2.7) 4 (4.9) 3 (5.3)

Apparent causes include Rh incompatibility (5 patients), ABO incompatibility (16 patients), infant of diabetic mother
(17 patients), asphyxia (6 patients), gestation <35 weeks (11 patients), bruising/cephalohematoma (45 patients),

polycythemia (3 patients), cholestasis (1 patient).
+ P < .00001 v serum bilirubin <12.9 mg/dL.
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TABLE 2. Maximum Total Serum Bilirubin Concentrations in White Newborn Infants Weighing >2,500 Grams at

Birth

Serum Bilirubin Total Population* Breast-Fed Bottle-Fed

Concentration (N =2,297) (N = 1,260) (N = 1,026)
mg/dL umol/L No. % Cum;lative No. % Cum\;lative No. % Cuml;iative

0-0.9 0-16 51 2.22 222 29 2.30 2.30 22 2,14 2.14
1.0-1.9 17-33 221 9.62 11.84 90 7.14 9.44 130 12,67 14.82
2.0-2.9 34-50 180 7.84 19.68 86 6.83 1627 94 9.16 23.98
3.0-3.9 51-67 187 8.14 27.82 82 6.51 22.78 105  10.23 34.21
4.0-4.9 68-84 186 8.10 35.92 90 7.14 29.92 95 9.26 43.47
5.0-5.9 85-102 204 8.88 44.80 98 7.78 37.70 106  10.33 53.80
6.0-6.9 103-119 241  10.49 55.29 118 9.37 47.06 122 11.89 65.69
7.0-7.9 120-136 235 10.23 65.52 135  10.71 57.78 99 9.65 75.34
8.0-8.9 137-153 225 9.80 75.32 140 1111 68.89 85 8.29 83.63
9.0-9.9 154-170 171 7.44 82.76 104 8.25 77.14 66 6.43 90.06
10.0-10.9 171-187 117 5.09 87.85 77 811 83.25 39 3.80 93.86
11.0-11.9  188-204 87 3.79 91.64 59 4.68 87.94 26 2.53 96.39
12.0-12.9  205-221 54 2.35 93.99 39 3.09 91.03 14 1.37 97.76
13.0-13.9  222-238 43 1.87 95.86 35 2.78 93.81 8 0.78 98.54
14.0-14.9  239-256 30 1.31 8717 26 2.06 95.87 2 0.19 08.73
15.0-15.9  257-273 31 1.35 08.52 24 1.91 97.78 7 0.68 99.42
16.0-16.9  274-290 16 0.70 99.22 16 27 99.05 0 0.00 99.42
17.0-17.9  291-307 11 0.48 99.70 8 0.63 99.68 3 0.29 99.71
18.0-18.9  308-324 4 Q.17 99.87 2 0.16 99.84 2 0.19 99.90
19.0-19.9  325-341 3 0.13 100.0 2 0.16 100.0 1 0.10 100.0

* Includes 11 infants both breast- and bottle-fed.

TABLE 3. Percentile Ranks for White Newborn In-
fants Weighing >2,500 Grams
Percentile Maximum Serum Bilirubin Concentration
Total Breast-Fed Bottle-Fed
Population* (N = 1,260) (N = 1,026)
(N = 2,297)
pmol/L mg/dL umol/L mg/dL umol/L mg/dL
3 19 1.1 18 1.1 19 1.3
5 22 1.3 24 14 21 1.2
10 31 1.8 36 2.1 27 1.6
15 41 24 48 28 34 2.0
25 62 3.6 74 4.3 53 3.1
50 111 65 125 73 96 5.6
75 154 9.0 168 9.8 135 9
90 197 115 214 12.5 171 10.0
95 231 135 248 145 195 114
97 253 148 269 157 212 124
99 286 16.7 291 17.0 267 156

* Includes 11 infants both breast- and bottle-fed.

cant differences between breast-fed and bottle-fed
infants, in these studies the breast-fed infants al-
ways had higher mean serum bilirubin levels than
bottle-fed infants in the first few days of life >¢%14
Failure to show significant differences was probably
the result of type II errors (sample size too small to
show a significant difference, although such a dif-
ference exists). We found the mean difference for
maximum serum bilirubin levels between bottle-fed
and breast-fed infants was 1.6 mg/dL, a result
similar to that found in other studies.®™ To have a
90% chance of showing a significant difference

between groups of infants with these mean bilirubin
levels requires at least 100 infants in each group.*
The described association between breast-feeding
and jaundice does not, of course, imply that breast-
feeding is the cause of the jaundice. Many factors
that influence bilirubin levels are closely associated
and, thus, confounding. For example, 15% of our
breast-feeding mothers smoked v 41% of bottle-
feeding mothers (P < .00001). Maternal smoking is
associated with lower serum bilirubin levels in the
newborn.? 268132 The association between maternal
diabetes and hyperbilirubinemia is well known;
87.5% of our diabetic mothers breast-fed their in-
fants v 64.4% of nondiabetic mothers (P = .046).
There are several reasons, however, why breast-
feeding could contribute to neonatal hyperbilirubi-
nemia. The most likely mechanisms include caloric
deprivation and an increased enterohepatic circu-
lation of bilirubin, acting separately or in concert.
Breast-fed infants lose more weight (and, presum-
ably, receive less calories) in the first few days of
life than bottle-fed infants, and associations be-
tween weight loss and hyperbilirubinemia have
been documented.’*'%*** Caloric deprivation is
known to increase the plasma bilirubin concentra-
tion in normal adults as well as those with Gilbert
syndrome,*®** and there is an inverse relationship
between oral caloric intake and serum bilirubin
concentrations, particularly in infants weighing
<2,000 g.** In the cooperative National Institute of
Child Health and Human Development photother-
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Figure. Distribution of maximum serum bilirubin concentrations in white infants weigh-
ing >2,500 g. Curves were computer generated using exponential one knot spline regres-

sion.”®

apy study, those infants receiving <90 calories/kg/
924 h had significantly higher peak bilirubin concen-
trations than those fed >90 calories/kg/24 h, and
phototherapy was much less effective when caloric
and fluid intakes were low.*® Intestinal absorption
of bilirubin increases dramatically in fasted rats.*®

Breast-fed infants excrete significantly less bili-
rubin in their stools and pass less stool (by weight)
than bottle-fed infants in the first three days of
life.” De Carvalho et al®® found that infants who
nursed, on average, more than eight times in 24
hours for the first three days of life had significantly
lower serum bilirubin levels than those fed less than
eight times in 24 hours, and there was a linear,
inverse relationship between the frequency of feed-
ings and the maximum serum bilirubin levels. Un-
fortunately, our charts did not record the frequency
of nursing in the breast-fed infants, but recently,
we analyzed the feeding practices of 123 mothers
who breast-fed their infants on demand while in
the hospital. In spite of encouragement from nurs-
ing staff, these infants were nursed, on average,
only 6.4 times in 24 hours.

Delayed passage of meconium is also associated
with higher bilirubin levels,®* and infants fed
soon after birth have lower serum bilirubin levels
than those fed later.*>*® In adults, the predominant
mechanism for fasting hyperbilirubinemia appears
to be a decrease in hepatic clearance of bilirubin
from the plasma,** and it is possible that this eccurs
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in newborns as well. Certain breast milks also in-
hibit bilirubin clearance.?** In babies, intestinal
absorption of bilirubin appears to be enhanced by
breast-feeding® and by a decrease or delay in the
passage of meconium.***?

Breast-feeding does not appear to affect bilirubin
production. Measurements of the pulmonary excre-
tion of carbon monoxide (an index of bilirubin
production) showed no differences between breast-
fed and bottle-fed infants, and there was no effect
of caloric deprivation on bilirubin production.*’

The values shown in Tables 2 and 3 are repre-
sentative only of a population of well infants with
birth weights of >2,500 g; all sick or significantly
premature infants were admitted directly to our
neonatal intensive care unit and were not included
in this analysis. Because hyperbilirubinemia is
often treated, it is not possible to document com-
pletely the natural history of neonatal jaundice. At
the time of this study, many infants whose bilirubin
levels exceeded 12.9 mg/dL received phototherapy,
and values for the higher percentiles might be
“damped.” This would largely affect the values for
the breast-fed infants, however, who represent 80%
of babies with bilirubin levels >12.9 mg/dL. Fur-
thermore, phototherapy appears to be relatively
ineffective in the presence of a low caloric intake.?®
If caloric intake in these infants was poor (which
seems likely), phototherapy may have had little or
no effect.’® No exchange transfusions were per-
formed.



For whatever reason, clinically important differ-
ences exist between the breast-fed and bottle-fed
populations. If we are satisfied with a purely statis-
tical approach and use the 95th percentile to define
the limits of physiologic jaundice, then investiga-
tions for the cause of jaundice (in an otherwise
healthy, three-day-old infant, without blood group
incompatibility) might be indicated when the serum
bilirubin concentration exceeds 11.4 mg/dL in a
bottle-fed infant but not unless it is >14.5 mg/dL
in a breast-fed infant. For bilirubin, however, we
are generally concerned only with the upper, and
not the lower, limits of the distribution curve. Thus,
the 97th percentile might be considered a more
appropriate limit for physiologic jaundice, in which
case we would initiate investigations in bottle-fed
infants with serum bilirubin levels >12.4 mg/dL
and in breast-fed infants with serum bilirubin levels
>15.7 mg/dL. (Note that these “action levels” refer
to a population of white infants and might not be
appropriate for other racial groups.®) -

Is the Incidence of Neonatal Jaundice
Increasing?

Many pediatricians who have practiced for more
than 25 years are convinced that they now see more
neonatal jaundice than was seen two or three dec-
ades ago. Previous investigations have suggested
that one possible contribution to the apparent in-
crease in “significant” jaundice was the increased
use of oxytocin to induce labor.***® As no adequate
prospective studies have ever been performed dur-
ing a significant time span in the same population,
it is not possible to come to firm conclusions re-
garding this question. It is interesting to note, how-
ever, that the incidence of nonphysiologic hyper-
bilirubinemia (serum bilirubin level >12.9 mg/dL)
in white newborns weighing >2,500 g in our study,
and in the Collaborative Perinatal Project,” is iden-
tical—6%. However, in the collaborative project,
26.3% of infants had serum bilirubin levels =8 mg/
dL v 34.5% in our nursery (P < .0001). Recognizing
the differences in the populations, as well as labo-
ratory techniques (although diazo methods were
used in both studies), the results are nevertheless
intriguing. They suggest that there has not been an
increase in nonphysiologic jaundice, but there has
been an increase in “readily visible” jaundice
(serum bilirubin level =8 mg/dL). The reasons for
these differences are not known, although one pos-
sibility is the dramatic increase in breast-feeding
that has occurred during the last 25 years. Between
1959 and 1966 only 22% to 23% of mothers in the
United States were breast-feeding their infants on
discharge from the hospital,” whereas 55% of our

infants (and 54% of infants in the United States in
1980°!) were fully breast-fed.

Therapeutic Implications

Our data cannot address the question of a bili-
rubin level (if any) at which these infants should
be treated to prevent possible bilirubin encephalop-
athy. Nevertheless, some therapeutic implications
are suggested. Because eight of ten infants with
serum bilirubin levels >12.9 mg/dL are breast-fed,
they will certainly represent the vast majority of
infants being considered for treatment (such as
phototherapy). Osborn and Bolus®® showed that, of
breast-fed infants whose serum bilirubin levels
reached 14 mg/dL, more than 95% could be treated
successfully be temporarily interrupting nursing.
Home phototherapy has arrived,’®* but closer in-
spection of infants reported to be candidates for
this treatment reveals that the overwhelming ma-
jority are breast-fed—84% in one study® and 100%
of the “study” infants in another® (F. Brewer,
personal communication, January 1986). It seems
reasonable to assume that, with rare exceptions,
breast-fed infants are the only infants likely to
require this form of therapy. For the sake of argu-
ment, let us further assume that phototherapy
might be indicated in breast-fed infants whose
serum bilirubin levels are >17.0 mg/dL. Our data
show that this degree of jaundice occurs in 0.95%
of the breast-fed population (Table 2) and, because
95% of these infants can be treated successfully by
temporarily interrupting nursing,” we can further
conclude that only 0.06% (or one in 2,000) breast-
fed infants might be legitimate candidates for this
form of treatment. Thus, if 2,000 full-term infants
are born annually in a hospital, and 50% are breast-
fed, we would anticipate that, every 2 years, one
infant might need phototherapy.

CONCLUSIONS

Many pediatricians complain (with some justifi-
cation) that we perform laboratory investigations
for the diagnosis of jaundice on an excessive num-
ber of infants in our nurseries, and our results
confirm this impression. Definitions of physiologic
jaundice found in current texts may have created a
class of healthy, jaundiced, infants with “non-
disease.”® Before being applied widely, however,
our data should be confirmed in similar large stud-
ies of other populations. Future studies should also
consider additional factors known to affect serum
bilirubin levels in the newborn and might yield new
criteria for the diagnosis of physiologic and non-
physiologic jaundice. Such criteria are more likely
to be scientifically valid and clinically useful than
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the existing definitions and would contribute sig-
nificantly to the prevention of both investigative
and therapeutic mischief.
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