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Association between neonatal serum bilirubin and childhood
obesity in preterm infants
Lijuan Luo1, Lile Zou2, Wenbin Dong1, Yuan He1, Huan Yu1 and Xiaoping Lei1

BACKGROUND: Serum bilirubin levels are inversely associated with obesity in adults. We are interested in whether neonatal
jaundice is associated with childhood obesity in preterm infants.
METHODS: Data were obtained from the US Collaborative Perinatal Project. Neonatal bilirubin levels were used as exposure factors
for obesity at age 7 years. Logistic regression models were used to control for potential confounders and calculate odds ratios (ORs).
A generalized estimating equation (GEE) model was used to correct for intracluster correlation coefficient. SAS was used for all
statistical analyses.
RESULTS: In the study subjects, 865 of 5019 preterm infants were obese at age 7 years. While neonatal total serum bilirubin (TSB)
rose 1 mg/dl, body mass index (BMI) increased 0.03 kg/m2 (95% confidence interval (CI) 0.02, 0.04). Compared with infants with TSB
<3mg/dl, the ORs (95% CIs) for obesity in infants with 3 mg/dl≤ TSB <6mg/dl, 6 mg/dl≤ TSB <9mg/dl, 9 mg/dl≤ TSB <12mg/dl and
TSB ≥12mg/dl were, respectively, 1.18 (0.87, 1.59), 1.25 (0.93, 1.67), 1.52 (1.11, 2.09), and 1.67 (1.22, 2.07). By using subtypes of
bilirubin as exposure factors and the GEE model to correct for intracluster correlation coefficient, similar trends of associations were
observed.
CONCLUSION: Neonatal bilirubin levels have positive trends of associations with childhood obesity in preterm infants.
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INTRODUCTION
The obesity epidemic has increased dramatically over the past
four decades and has posed a considerable public health threat
worldwide. The prevalence of obesity has grown from approxi-
mately 3% of men and 6% of women in 1975 to 11% of men and
15% of women in 2014.1 It is a major contributor to the diabetes
epidemic and is a risk factor for other chronic diseases and
disabilities.1 At the same time, approximately 41 million children
under the age of 5 years were overweight or obese in 2016.2 The
International Obesity Task Force has shown that 10% of school-
aged (5–17 years) children are estimated to be overweight, and of
these overweight children, a quarter are obese.3 Childhood
obesity epidemics can continue into adulthood, greatly increasing
the morbidity of obesity-related conditions and medical treat-
ments in later life, which will contribute to greater health service
costs and losses to society.
Obesity is characterized by enhanced oxidative stress4 and low-

grade systemic inflammation.5 A previous study found that
bilirubin is a potent endogenous antioxidant and cytoprotectant
with anti-inflammatory properties.4 The physiological level of
serum bilirubin has an effect on preventing oxidative stress-
related diseases.6 Several population-based studies have reported
an inverse relationship between the concentration of bilirubin and
obesity.7,8 However, except for several animal model studies,9,10 all
of these population-based studies were performed in subjects
with physiological levels of bilirubin. To date, there has been no
evidence of exposure to high levels of bilirubin related to this
topic.

Neonatal jaundice is a common phenomenon characterized by
a much higher level of serum bilirubin than in any other period of
life, and preterm newborns are more vulnerable to suffering from
neonatal jaundice than are term newborns.11 In addition, bilirubin
has toxic effects on developing neuronal tissues, and a high level
of serum bilirubin is associated with neurological dysfunction in
newborn babies.12,13 Thus, our major area of interest is whether
neonatal jaundice is associated with childhood obesity in preterm
infants. In a previous study of neonatal jaundice and its long-term
effect on children with asthma, researchers found that photo-
therapy for jaundice may be an influencing factor and thus
confound the conclusion.14 To exclude the effect of phototherapy,
we used the US Collaborative Perinatal Project (CPP) data, which
recruited participants before phototherapy was routinely used for
the treatment of neonatal jaundice, to investigate the correlation
between the neonatal serum bilirubin levels and childhood
obesity.

METHODS
Study population
The CPP was a large prospective birth cohort study performed in
the United States from 1959 to 1965 among 46,021 women with
56,990 pregnancies at 12 centers. During the study period, weight
and height were measured and recorded by a trained pediatrician
using standardized procedures at each follow-up visit. Other
maternal and infant characteristics were documented in the study
questionnaire, and a detailed description of the study has been
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provided elsewhere.15 The CPP data are publicly available through
the US National Archives (www.archives.gov/). The use of publicly
available anonymous data is exempt from our Institutional Review
Board review.
A total of 2195 stillbirths or abortions were initially excluded

from this analysis. We restricted the study population to
singletons, and 1148 multiple births were excluded. Because the
study subjects were preterm infants and because most babies
with gestational age <28 weeks (n= 782) had inaccurate data on
gestational age in the CPP, we excluded births with gestational
age at birth <28 weeks, ≥37 weeks (n= 44,797), or missing (n=
41). Infants with unknown birth weight (n= 224), neonatal
bilirubin level (n= 758), or body mass index (BMI) at age 7 years
(n= 1584) were also excluded. Finally, after infants with severe
congenital structural anomalies were excluded (n= 442), 5019
preterm infants remained for analysis (Fig. 1).

Bilirubin measurement
Total serum bilirubin (TSB) measurements were performed by the
diazo method in 11 of the 12 centers and by direct spectro-
photometry in the remaining center. The coefficient of variation
for standard specimens among CPP laboratories was approxi-
mately 10%, and the intralaboratory coefficient of variation was
approximately 2%.16 Although less than ideal, this degree of
reliability is similar to that reported in a survey of bilirubin
measurements 30 years later.17 TSB measurements were obtained
for all neonates between 36 and 60 h after delivery (as close as
possible to 48 h after delivery) and were repeated 24 h later if the
TSB level was higher than 10mg/dl (171 μmol/l). If the second TSB
level still exceeded 10mg/dl, a third measurement was required 4
to 5 days later, with additional bilirubin measurements obtained at
the discretion of physicians at each study site. We used the
maximum TSB level measured for each neonate as the exposure
factor and categorized the neonates into five groups based on the
levels of maximum TSB concentrations: TSB <3mg/dl, 3 mg/dl≤
TSB <6mg/dl, 6 mg/dl≤ TSB <9mg/dl, 9 mg/dl≤ TSB <12mg/dl,
and TSB ≥12mg/dl. In addition, a total of 2252 infants had
neonatal serum-conjugated bilirubin (CB) values. We further used
serum CB and serum-unconjugated bilirubin (UCB) as exposure
factors to explore the associations between the different types of
bilirubin and childhood obesity.

Outcome and confounders
BMI at age 7 years was calculated from children’s weight and
height. Obesity was primarily defined as BMI at or above the 95th
percentile for children of the same age and sex based on the CDC
growth chart of the United States.18 Some studies have used
different BMI cut points to define obesity. Second, we used the
World Health Organization reference (BMI ≥+2 SD) to define
obesity to test the robustness of our analysis.19 Perinatal factors
were chosen as potential confounders: maternal characteristics
included age at delivery (<20, 20–34, and ≥35 years), marital status
(married, unmarried, and other), maternal smoking (0, 1–19, and
20 cigarettes per day during pregnancy), hypertensive disorders
during pregnancy (none, moderate, and severe), socioeconomic
status (comprised of five categories as assessed by the original
CPP investigators), maternal pregnancy BMI (<18.5, 18.5–25, and
>25 kg/m2), and BMI gain during pregnancy (<3, 3–6, and >6 kg/
m2). Infant characteristics included race (white, black, and other
race), sex (male and female), gestational age (categorical variable),
delivery method (vaginal, cesarean section, and others), birth
weight (<2500 and ≥2500 g), and feeding method (exclusively
breast, exclusively bottle, mixed feeding, and unknown).

Statistics analysis
We used the Cochran–Mantel–Haenszel χ2 test to assess the
differences in maternal and infant baseline characteristics among
neonates with different levels of maximum TSB concentrations.

The linear coefficients between neonatal TSB levels and BMI at age
7 years were calculated first. Second, obesity at age 7 years was
defined as a dichotomous variable. A univariate logistic regression
model (model 1) was used to calculate the crude odds ratios (ORs)
for obesity at age 7 years in each group relative to the infants with
maximum TSB <3mg/dl. To adjust for potential confounders, a
multivariate logistic regression model (model 2) was performed to
calculate the adjusted ORs (aORs). Because mothers were the
primary sampling unit of the CPP, approximately 15% of mothers
had more than 1 infant enrolled, and children from the same
family shared similar genes and a similar household environment;
thus, we ran a generalized estimating equation (GEE) model
(model 3) to correct for intracluster correlation coefficient. SAS
version 9.2 (SAS Institute, Cary, NC, USA) was used for all statistical
analyses.

RESULTS
Maternal and infant baseline characteristics for preterm neonates
with different concentrations of maximum TSB are shown in
Table 1. There were significant differences in birth weight, race,
gestational age, feeding method, maternal age, maternal smoking,
socioeconomic status, and BMI gain during pregnancy among
preterm babies with different levels of TSB concentrations, and
there were no significant differences in sex and maternal BMI
before pregnancy.
There were 865 obese children aged 7 years among the 5019

preterm babies, with an overall incidence of 17.2%. The linear
regression model shows that as neonatal TSB rose 1mg/dl, BMI
increased 0.03 kg/m2 (95% CI 0.02, 0.04) in our study subjects.
Table 2 and Fig. 2 show that in preterm babies, relative to the
group with maximum neonatal TSB <3mg/dl, the aORs for obesity
at age 7 years in babies with 3 mg/dl≤ TSB <6mg/dl, 6 mg/dl≤
TSB <9mg/dl, 9 mg/dl≤ TSB <12mg/dl, TSB ≥12mg/dl were,
respectively, 1.18 (95% CI 0.87, 1.59), 1.25 (95% CI 0.93, 1.67),
1.52 (95% CI 1.11, 2.09), and 1.67 (95% CI 1.22, 2.07). Similar results
were obtained by using the GEE model to correct for intracluster
correlation coefficient.
Table 3 shows the associations between different types of

neonatal serum bilirubin and obesity in preterm babies at age 7
years. Relative to the group with UCB <3mg/dl, the aORs of
obesity at age 7 years were 1.07 (95% CI 0.70, 1.63), 1.29 (95% CI
0.86, 1.93), 1.54 (95% CI 0.99, 2.38), and 1.65 (95% CI 1.08, 2.51)
among babies with, respectively, 3 mg/dl≤ UCB <6mg/dl, 6 mg/
dl≤ UCB <9mg/dl, 9 mg/dl≤ UCB <12mg/dl, and UCB ≥12mg/dl.
Meanwhile, compared with babies with serum CB <1mg/dl, the
aORs of obesity at age 7 years were 1.22 (95% CI 0.89, 1.67) and
1.46 (95% CI 0.88, 1.41) among babies with 1 mg/dl≤ CB <2mg/dl
and CB ≥2mg/dl, respectively. After corrections were made for the
intracluster correlation coefficient in model 3, the results were
similar.
With BMI ≥+2 SD being used to define obesity, relative to the

group with TSB <3mg/dl, the aORs for obesity at age 7 years in
babies with 3 mg/dl≤ TSB <6mg/dl, 6 mg/dl≤ TSB <9mg/dl, 9 mg/
dl≤ TSB <12mg/dl, and TSB ≥12mg/dl were, respectively, 1.18
(95% CI 0.72, 1.94), 1.29 (95% CI 0.80, 2.27), 1.32 (95% CI 0.79, 2.23),
and 1.75 (95% CI 1.06, 2.89). Similar results can be seen in model 3
(Supplemental Table S1).

DISCUSSION
In the present study, we first report a positive association between
neonatal serum bilirubin and childhood obesity in preterm infants.
Even though only groups with extremely high levels of TSB
reached statistical significance, a trend was still observed that a
higher level of neonatal serum bilirubin was associated with a
higher risk of obesity. In addition, our results showed that the two
subtypes of bilirubin and TSB had similar trends of association
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with childhood obesity in preterm infants. This finding was
consistent with that of a previous study20 reporting that TSB, CB,
and UCB all have similar associations with metabolic syndrome.
Previous studies have reported that serum bilirubin had an anti-

inflammatory effect and could reduce obesity-related oxidative
stress and systemic inflammation.4,5 In some studies, the anti-
inflammatory role of bilirubin was used to interpret the inverse
relationship between the concentrations of bilirubin and obesity
in adults with physiological levels of serum bilirubin.7,8 For our
vastly different results from these studies in adults, we suspect
that different potential mechanisms should exist in preterm
infants. It is generally believed that given their exposure to
extremely high levels of bilirubin, neonatal infants are at an
increased risk of bilirubin-induced neurotoxicity. Due to the high
affinity for lipids of UCB, the main form of neonatal serum biirubin,
it has neurotoxicity and induces cerebral palsy and other kinds of
neurodevelopmental disabilities.21 The high level of UCB exceeds
the binding capacity of serum albumin, and the unbinding UCB
can cross the blood–brain barrier. Given their immature
blood–brain barrier and the low bilirubin binding capacity of
serum albumin, premature infants have higher risks of bilirubin-
induced neurotoxicity than do term infants.22 In the present
study, preterm infants with TSB or UCB ≥12mg/l were more
likely to have neurodevelopmental disabilities (Supplemental
Table S2).
Intuitively, children with neurodevelopmental disabilities often

engage in less physical exercise and have more behavioral
problems (e.g., lack of control in their regulation of food intake,

persistent short sleep).21,23,24 Furthermore, mothers of infants with
neurodevelopmental disabilities are usually under high stress and
are more likely to have a child identified as obese.25 These factors
could partly indicate that the risks of obesity and neurodevelop-
mental disabilities increase simultaneously in infants with serum
bilirubin ≥12mg/l in the present study. However, even though no
statistical significance existed, a positive trend was still observed
that a higher level of neonatal serum bilirubin was associated with
a higher risk of obesity in infants with serum bilirubin <12mg/dl.
Thus, we believe that, except for bilirubin-induced neurotoxicity,
other potential mechanisms might be discovered in the future
that clarify the phenomenon of the positive trend of associations
between neonatal serum bilirubin and childhood obesity.
Our study has some strengths and limitations. A major strength

of our study was the large nationwide study sample collected over
7 years. All data in our study, with the exception of self-reported
smoking, were prospectively collected and evaluated by the
objective assessment of medical records and laboratory tests, thus
ensuring that our data were not subject to recall bias. Second, in
the CPP study period (1959–1965), phototherapy was not yet
routinely used, as it was proven to have confounding effects on
the long-term outcomes of neonatal jaundice.14,26 This is the only
population dataset with different levels of bilirubin before
phototherapy was widely used. These conditions make the CPP
data particularly suitable for studying the exposure–effect
relationships between neonatal bilirubin and childhood obesity.
Finally, to the best of our knowledge, no studies have been
published on neonatal bilirubin and childhood obesity.

Total number of
pregnancies (n= 56,990)

Live birth included
(n= 54,795)

Singleton included
(n= 53,647) Gestational age unknown excluded (n= 41)

Abortion and fetal death excluded (n= 2195)

Multiple birth excluded (n= 1148)

Gestational age < 28 W excluded (n= 782)

28 W ≤ gestational age <
37 W included
(n= 8027)

Serum total bilirubin
data obtained included
(n= 7269)

Eligible study subjects
(n= 5461)

Final study subjects
(n= 5019)

Gestational age ≥ 37 W excluded (n= 44,797)

The highest serum total bilirubin unknown
excluded (n= 758)

Babies with congential anomalies at birth
excluded (n= 442)

Birth weight unknown excluded (n= 224)

Body mass index at 7 years unknown excluded
(n= 1584)

Fig. 1 Flow chart in the selection of study population from the US Collaborative Perinatal Project birth cohort
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Table 1. Baseline characteristics of preterm babies with different concentrations of total serum bilirubin

Total serum bilirubin <3mg/dl
(n= 1130)

≥3mg/dl, <6mg/dl
(n= 1518)

≥6mg/dl, <9mg/dl
(n= 834)

≥9mg/dl, <12mg/dl
(n= 1004)

≥12mg/dl
(n= 533)

P value

Birth weight (g), n (%) <0.0001

<2500 180 (15.9) 382 (25.2) 354 (42.5) 556 (55.4) 67 (12.6)

≥2500 950 (84.1) 1136 (74.6) 480 (57.6) 448 (44.6) 466 (87.4)

Male, n (%) 578 (51.2) 775 (51.1) 427 (51.2) 569 (56.7) 215 (40.3) 0.20

Race, n (%) <0.001

White 856 (75.8) 1073 (70.7) 536 (64.3) 522 (52.0) 400 (75.1)

Black 221 (19.6) 366 (24.1) 267 (32.0) 445 (44.3) 98 (18.4)

Others 53 (4.7) 79 (5.2) 31 (3.7) 37 (3.7) 35 (6.6)

Gestational age (weeks), n (%) <0.001

28 16 (1.4) 24 (1.6) 17 (2.0) 21 (2.1) 21 (3.9)

29 28 (2.5) 41 (2.7) 24 (2.9) 23 (2.3) 13 (2.4)

30 45 (4.0) 54 (3.6) 25 (3.0) 51 (5.1) 21 (3.9)

31 53 (4.7) 68 (4.5) 42 (5.0) 63 (6.3) 32 (6.0)

32 71 (6.3) 84 (5.5) 60 (7.2) 93 (9.3) 35 (6.6)

33 102 (9.0) 135 (8.9) 83 (10.0) 121 (12.1) 47 (8.8)

34 174 (15.4) 249 (16.4) 124 (14.9) 152 (15.1) 85 (16.0)

35 256 (22.7) 324 (21.3) 183 (21.9) 216 (21.5) 121 (22.7)

36 385 (34.1) 539 (35.5) 276 (33.1) 264 (26.3) 158 (29.6)

Feeding methods, n (%) <0.001

Exclusively breast 35 (3.1) 49 (3.2) 21 (2.5) 12 (1.2) 14 (2.6)

Excessive bottle 911 (80.6) 1281 (84.4) 678 (81.3) 801 (79.8) 408 (76.6)

Mixed feeding 55 (34.1) 67 (35.5) 41 (33.1) 64 (26.3) 25 (29.6)

Unknown 129 (11.4) 121 (8.0) 94 (11.3) 127 (12.7) 86 (16.1)

Maternal age (years), n (%) <0.001

<20 352 (31.2) 465 (30.6) 250 (30) 246 (24.5) 153 (28.7)

20–34 702 (62.1) 940 (61.9) 519 (62.2) 668 (66.5) 315 (59.1)

≥35 76 (6.7) 113 (7.4) 65 (7.8) 90 (9) 65 (12.2)

Maternal smoking (cigarettes
per day), n (%)

<0.05

0 573 (50.7) 817 (53.8) 409 (49.0) 492 (49.0) 269 (50.5)

1–19 394 (34.9) 489 (32.2) 258 (30.9) 311 (31.0) 186 (34.9)

≥20 143 (12.7) 188 (12.4) 145 (17.4) 180 (17.9) 70 (13.1)

Unknown 20 (1.8) 24 (1.6) 22 (2.6) 21 (2.1) 8 (1.5)

Socioeconomic status, n (%) <0.001

1 158 (14.0) 183 (12.1) 84 (10.1) 78 (7.8) 72 (13.5)

2 418 (37.0) 578 (38.1) 317 (38.0) 268 (26.7) 201 (37.7)

3 338 (29.9) 456 (30.0) 256 (30.7) 321 (32.0) 165 (31.0)

4 146 (12.9) 203 (13.4) 98 (11.8) 195 (19.4) 63 (11.8)

5 36 (3.2) 57 (3.8) 61 (7.3) 98 (9.8) 13 (2.4)

Unknown 34 (3.0) 41 (2.7) 18 (2.2) 44 (4.4) 19 (3.6)

Maternal BMI before pregnancy
(kg/m2), n (%)

0.06

<18.5 175 (15.5) 281 (18.5) 159 (19.1) 215 (21.4) 91 (17.1)

18.5–25 727 (64.3) 976 (64.3) 531 (63.7) 634 (63.2) 325 (61.0)

>25 228 (20.2) 261 (17.2) 144 (17.3) 155 (15.4) 117 (22.0)

BMI gain during pregnancy
(kg/m2), n (%)

<0.005

<3 352 (31.2) 567 (37.4) 325 (39.0) 431 (42.9) 153 (28.7)

3–6 574 (50.8) 709 (46.7) 372 (44.6) 433 (43.1) 254 (47.7)

>6 193 (17.1) 228 (15.0) 126 (15.1) 118 (11.8) 119 (22.3)

Unknown 11 (1.0) 14 (0.9) 11 (1.3) 22 (2.2) 7 (1.3)

BMI body mass index
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Additionally, our study has some limitations, and the main
limitation of this study is that the CPP was completed 50 years
ago. These preterm babies were born in the United States during
the 1960s, and their birth weight, socioeconomic status, body
composition, mothers’ age, mothers’ BMI before pregnancy, and
mothers’ BMI gain during pregnancy may be different from those
of preterm babies today. Many parts of the world are undergoing
rapid economic development and social transition, and an
increasing prevalence of obesity in children has been reported
over the past several decades.2,3 However, the incidence of
obesity in our study is similar to the prevalence estimates of
obesity in preschool children (16%) from a contemporary study.27

Thus, our findings may have useful implications for infants in these
areas. Second, in the CPP, the feeding methods data were
collected only during the nursery stay, so we knew very little
about the duration of breastfeeding, which has a significant

dose–response effect on the reduced risk of childhood obesity.28

Some underlying diseases such as Gilbert’s syndrome, which may
contribute to both neonatal jaundice and childhood obesity, were
not recorded in our study due to its retrospective evaluation. In
fact, socioeconomic status, caloric intake, and exercise levels
during childhood are likely to be the majority of confounding and
cannot be evaluated or adjusted for in this study. Another
limitation may be the large amount of missing data: 1584 infants
had no BMI values at age 7 years and were therefore excluded. We
compared the TSB values between infants with and without BMI at
age 7 years and found no significant differences (8.0 ± 4.9 vs. 8.1 ±
4.9, P= 0.46). For the same condition, BMI at age 7 years was also
not significantly different between infants with and without
missing CB values (15.8 ± 2.0 vs. 15.9 ± 2.1, P= 0.09). Thus, we
have reasons to believe that the data are missing at random in
our study.

Table 2. The ORs of obesity at 7 years old in preterm newborns with different concentrations of total serum bilirubin

Total serum bilirubin n (%) Obesity at 7 years old

Model 1 Model 2 Model 3

OR 95% CI OR 95% CI OR 95% CI

<3mg/dl 75 (14.1) 1 1 1

≥3mg/dl, <6mg/dl 179 (15.8) 1.15 0.86, 1.54 1.18 0.87, 1.59 1.16 0.85, 1.46

≥6mg/dl, <9mg/dl 240 (15.8) 1.15 0.87, 1.52 1.25 0.93, 1.67 1.22 0.93, 1.52

≥9mg/dl, <12mg/dl 158 (18.9) 1.43 1.06, 1.93 1.52 1.11, 2.09 1.44 1.12, 1.75

≥12mg/dl 213 (21.2) 1.64 1.23, 2.19 1.67 1.22, 2.07 1.48 1.16, 1.79

Model 1: Crude ORs
Model 2: Adjusted for sex, race, socioeconomic status, highest maternal education (<10th, 10th–12th, and >12th grades), maternal age (<20, 20–34, and ≥35
years old), gestational age (as categorical variable), marital status (married, unmarried, and others), maternal smoking (0, 1–19, and ≥20 cigarettes per day
during pregnancy), hypertensive disorders during pregnancy (none, moderate, and severe), birth weight (<2500 and ≥2500 g), feeding methods (exclusively
breast, exclusively bottle, mixed feed, and unknown), maternal pregnancy BMI (<18, 18–25, and >25), BMI gain during pregnancy (<3, 3–6, and >6) and parity
(1st, 2nd, and >2nd)
Model 3: Adjusted for the same factors as model 2 in generalized estimating equation model
BMI body mass index, CI confidence interval, ORs odds ratios

O
R

s
(9

5%
 C

I)

< 3 mg/dl ≥ 3 mg/dl,
< 6 mg/dl

≥ 6 mg/dl,
< 9 mg/dl

≥ 9 mg/dl,
< 12 mg/dl

≥ 12 mg/dl

2.5

2

1.5

0.5

0

1 1

1.18
1.25

1.52

1.67

Fig. 2 The odds ratios and 95% confidence intervals (model 2) of obesity at 7 years old in preterm newborns with different concentrations of
total serum bilirubin
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