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Abstract: Objective: To investigate the major causes and current management of hyperbilirubinemia in full-term 
newborns in a general hospital. Methods: The clinical and laboratory data of 1,455 full-term newborns with hyper-
bilirubinemia in the department of neonatology were collected for retrospective and descriptive analysis. Univariate 
logistic analysis was used to compare the risk factors for hyperbilirubinemia in these two groups (the mild-to-moder-
ate and severe jaundice groups). The impact of feeding models (breastfeeding, formula feeding, and mixed feeding) 
on bilirubin metabolism in inpatients was analyzed. The severity of hyperbilirubinemia was compared in inborn and 
outborn groups. Results: The top three major causes of hyperbilirubinemia in hospitalized full-term newborns were 
jaundice of unknown cause, jaundice due to early feeding insufficiency, and breastfeeding jaundice. Comparison 
between the mild-to-moderate and severe jaundice groups showed that hemolytic disease of the newborn and 
neonatal infection were two main risk factors in the severe jaundice group (P<0.05). The top three major causes of 
hyperbilirubinemia in clinical consultation were breastfeeding jaundice, jaundice of unknown cause, and jaundice 
due to feeding insufficiency. Conclusions: Major risk factors for severe hyperbilirubinemia in full-term newborns dif-
fered between early-stage and late-stage newborns. Jaundice of unknown cause accounted for a large proportion of 
the cases. The causes of neonatal jaundice in clinical consultation were mostly related to the infant feeding model.
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Introduction

Hyperbilirubinemia is a common problem in  
the neonatal period, and often requires clini- 
cal consultation with an experienced pediatri-
cian. Most cases of hyperbilirubinemia will  
have a good prognosis with prompt interven-
tion. Since bilirubin has certain antioxidative 
abilities, an appropriate concentration of bi- 
lirubin might have a protective effect [1]. How- 
ever, if the concentration of unconjugated bili-
rubin is too high, and the binding capacities  
of plasma proteins are limited, free bilirubin 
might cross the baby’s blood-brain barrier and 
have toxic effects, resulting in permanent neu-
rological damage (bilirubin encephalopathy). 
Bilirubin encephalopathy cases in China have 
significantly decreased, but the disease still 
exists [2]. There are still new cases of bilirubin 
encephalopathy in full-term newborns report- 
ed internationally [3-5], which means that the 

incidence has not been reduced to zero, even in 
developed countries [6]. Studies have shown 
that neonatal jaundice is associated with 
increased incidence and severity of asthma in 
children less than ten years old, suggesting that 
it is a risk factor for childhood asthma [7].

Greater attention to major causes of neonatal 
hyperbilirubinemia would be important in early 
detection and management, and would also 
prevent bilirubin encephalopathy. The causes 
of hyperbilirubinemia vary and are complex, 
and some cases are the result of multiple fac-
tors. The incidence of hyperbilirubinemia exhib-
its racial and geographic differences, and may 
change over time. Many clinical and laboratory 
studies have focused on the pathogenesis, 
causes, management, and follow-up of hyper-
bilirubinemia [8-10], and appropriate treatment 
guidelines have been developed in some coun-
tries [11]. However, the features of local regions 
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and populations must be considered. The 
region in this study is in northwest China, and is 
inhabited by a minority group in which few stud-
ies of jaundice have been conducted.

A total of 1,455 full-term newborns with hyper-
bilirubinemia were enrolled in this study. The 
causes and current management strategies 
were recorded, and included high-risk factors 
for severe hyperbilirubinemia, as well as pre-
vention and management strategies. This study 
aimed to provide clinical guidelines for the 
regional prevention and management of neona-
tal hyperbilirubinemia, and reduce the occur-
rence of severe hyperbilirubinemia and bilirubin 
encephalopathy.

Subjects and methods

Subjects

A total of 1,455 full-term newborns with hy- 
perbilirubinemia in a general hospital (The  
First Affiliated Hospital of Xinjiang Medical 
University, Urumqi, Xinjiang, China) were en- 
rolled from February 1 2014 to January 31 
2015, and included 471 inpatients (babies  
hospitalized due to jaundice) and 984 outpa-
tients (clinic consultations for jaundice). Among 
the 471 inpatients, 352 were born in the gen-
eral hospital (inborn) and 119 were transferr- 
ed from other hospitals (outborn). The 471 in- 

ate jaundice. A level greater than 342 umol/L is 
classified as severe jaundice. Inpatients are 
excluded if the hepatitis B surface antigen is 
positive or jaundice is caused by other liver 
diseases. 

Criteria for outpatients include a jaundiced 
baby brought to the clinic for consultation, and 
diagnosed as neonatal hyperbilirubinemia 
based on transcutaneous bilirubin measure-
ment. General information on the 1,455 full-
term newborns with hyperbilirubinemia is listed 
in Table 1.

Instruments and methods

Laboratory tests performed at the time of 
admission included serum total bilirubin, direct 
bilirubin, liver enzymes, routine blood tests, 
neonatal hemolytic screening (if applicable), 
thyroid functions (if applicable), urine culture 
and C-reactive protein (CRP) (if applicable). 
Bilirubin level in outpatients was measured by 
a transcutaneous method (Minolta JM-103, 
Japan). Serum bilirubin was measured with a 
Hitachi 7060 automatic biochemical analyzer 
(Japan).

Statistical analysis

Epidata software was used to establish rele-
vant statistical databases. SPSS l7.0 was used 

Table 1. General information of 1455 HB cases in full-term newborns

Grouping
Nationality Age (w) Gender

Uygur Hazakh Muslim Mongolian Han Others ~1 ~2 ~4 M F
Inpatients 35 35 32 29 327 13 299 96 76 262 209
Outpatients 102 75 112 80 602 13 223 456 305 487 497
Sum 137 110 144 109 929 26 522 552 381 749 706

Table 2. Proportions of high risk factors and disease 
severities of 471 severe HB cases in full-term inpa-
tient newborns

Cause Control 
group (n)

Study 
group (n)

Cases  
(n%)

Early feeding Insufficiency 108 15 123 (26.1)
Infection 7 15 22 (4.7)
HDN 16 24 40 (8.5)
Breast feeding jaundice 52 16 68 (14.5)
Cephalhematoma 16 3 19 (4.0)
Suffocation 4 2 6 (1.3)
Unexplainable reason 149 44 193 (40.9)
Sum 352 119 471 (100)

patients were divided into two groups 
according to the level of serum bilirubin 
concentration: the mild-to-moderate jaun-
dice group (352 cases) and the severe 
jaundice group (119 cases). This study 
was conducted in accordance with the 
declaration of Helsinki and with approval 
from the Ethics Committee of Xinjiang 
Medical University. Written informed con-
sents were obtained from all participants’ 
guardians. 

Inclusion criteria for inpatients: According 
to the Practice of Neonatology, a serum 
bilirubin level between 221 umol/L and 
342 umol/L is classified as mild-to-moder-
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to analyze the statistical database. The mea-
surement data were expressed as mean ± 
standard deviation (

_
x±s); if the means between 

the two groups had a normal distribution, a 
t-test was performed; otherwise a rank sum 
test was performed. Univariate logistic regres-
sion analysis was used to calculate the relative 
risk (odds ratio, OR), after removing meaning-
less risk factors, and further analysis used 
logistic regression. P<0.05 was considered a 
statistically significant difference.

Results 

Major risk factor analysis in 471 severe hy-
perbilirubinemia cases in full-term inpatient 
newborns

Risk factors were analyzed from the data of 
471 severe hyperbilirubinemia cases of full-
term inpatient newborns, and the causes are 
listed in descending order as jaundice of 
unknown cause, jaundice due to early feeding 
insufficiency, breastfeeding jaundice, infection, 
hemolytic disease of the newborn (HDN), ceph-
alohematoma, and neonatal asphyxia (Table 
2).

Univariate logistic analysis was done to com-
pare the risk factors for hyperbilirubinemia  
in these two groups (the mild-to-moderate  

rubin levels of 321.4 ± 55.8 umol/l, 256.1 ± 
71.8 umol/l, and 232.9 ± 57.2 umol/l, respec-
tively. Single factor analysis of variance show- 
ed that the differences in average values of 
serum bilirubin between breastfeeding, for- 
mula feeding, and mixed feeding groups were  
statistically significant (F = 61.578, P = 0.000, 
<0.05). Pairwise comparison was performed 
based on Least Significant Difference and 
Student-Newman-Keuls methods, and the dif-
ferences between breastfeeding and formula 
feeding, as well as between breastfeeding and 
mixed feeding, were statistically significant (P< 
0.05), while differences between formula feed-
ing and mixed feeding were not statistically  
significant (P>0.05) (Table 5). Analysis of the 
severity of hyperbilirubinemia according to the 
feeding models showed that jaundice in the 
breastfeeding group was more severe than that 
of the mixed feeding and formula feeding 
groups.

Comparison of the severity of hyperbilirubine-
mia in the inborn and outborn groups

A total of 359 inborn cases were directly admit-
ted from the department of obstetrics in our 
hospital, while another 112 outborn cases 
were admitted from other hospitals. These 
data showed non-normal distribution, so two 
independent sample rank-sum test and analy-
sis were performed (Table 6).

Table 3. OR values of suspected risk factors towards 471 severe HB 
cases in full-term newborns

Risk factor
Cases

χ2 OR 95% CI PControl 
group

Study 
group

Early feeding insufficiency 108 15 2.96 0.551 0.324-0.936 0.066
Infection 7 15 9.105 0.871 0.195-1.391 0.006
HDN 16 24 6.872 0.537 1.430-0.948 0.009
Breast feeding jaundice 52 16 2.059 1.195 0.291-1.217 0.151
Suffocation 4 2 0.010 0.366 0.300-9.194 0.920
Cephalhematoma 16 3 0.262 1.997 0.173-2.124 0.609
Unexplainable reason 149 44 3.044 0.754 0.613-1.484 0.714

Table 4. Logistic regression analysis of risk factors 
towards 471 severe HB cases in full-term newborns

Risk  
factors

Cases
χ2 OR 95% CI PControl 

group
Study 
group

Infection 7 15 9.277 0.812 0.478-1.331 0.004
HDN 16 24 7.042 0.646 0.355-1.216 0.007

and the severe jaundice 
groups) (Table 3).

Table 3 shows that in- 
fection and HDN were 
two major risk factors, 
and the differences be- 
tween the two groups 
were statistically signifi-
cant (P<0.05). Logistic 
regression analysis was 
then performed after 
meaningless risk factors 
were removed. Table 4 
shows that infection and 

HDN exhibited statistically significant dif-
ferences (P<0.05).

Impact of feeding model on bilirubin me-
tabolism in inpatients

Feeding models were divided into three 
types: breast-feeding (171 cases), formu-
la feeding (157 cases), and mixed feed-
ing (143 cases), with average serum bili-
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The average rank of the inborn group was 
smaller than in the outborn group, and the  
difference was statistically significant (P =  
0.001, <0.05), indicating that hyperbilirubine-
mia in the inborn group was more severe than 
in the outborn group. The 359 cases that were 
directly admitted to our hospital were closely 
monitored with transcutaneous bilirubin levels 
after delivery, and received appropriate feed- 
ing guidance, while 88 cases out of 112 (86%) 
admitted to other sites were not closely moni-
tored for bilirubin changes after birth; among 
these, 35 out of 88 (40%) missed prenatal 
care. The analysis indicated the importance  
of closely monitoring bilirubin changes after 
birth, and providing pediatric feeding guidance 
and prenatal examinations.

Factors related to hyperbilirubinemia in the 
984 outpatient newborns, including hepatitis B 
cases, were retrospectively analyzed (Table 7).

Among the causes in outpatients, the most 
common risk factor was breastfeeding jaun-
dice, followed by jaundice of unknown cause, 
jaundice due to feeding insufficiency, infect- 
ion, HDN, infantile hepatitis syndrome, and bili- 

ued for 3-5 days. Cases with jaundice of 
unknown cause and some cases with jaundice 
due to feeding insufficiency were advised to 
increase feeding volume and were given oral 
liver enzyme inducers for 3-5 days. Jaundice in 
785 of 801 cases (98%) was significantly impro- 
ved at 1-week follow-up, with no significant 
adverse effects. Jaundice in 2% of the outpa-
tients showed no significant change, and tests 
were performed; 6 proved to be cases of infan-
tile hepatitis syndrome, and 10 were cases of 
jaundice of unknown cause.

Discussion

There are many causes of neonatal hyperbiliru-
binemia, which often results from multiple fac-
tors, and there are also ethnic and geographi-
cal differences. Liu Fang’s study showed that 
breast feeding jaundice was the main reason 
for hyperbilirubinemia in hospitalized full-term 
newborns in China, while ABO hemolysis was 
the main cause of bilirubin encephalopathy. 
Jiang analyzed 175 severe hyperbilirubinemia 
cases, and showed that preterm birth and 
unknown causes were the main factors in se- 

Table 5. Pairwise comparison of different feeding methods towards HB
Group S Sx P 95% CI
Breast feeding + artificial feeding 56.28588 5.797 0.002 44.8932-67.6786
Breast feeding + mixed feeding 56.47102 6.05602 0.015 44.5693-68.3728
Artificial feeding + mixed feeding 45.18514 9.05602 0.976 40.4527-53.9403

Table 6. Analysis of HB degrees between the direct and indirect admis-
sion groups

Group Cases Average 
rang

Mann-
Whitney U Wilcoxon W Z P

Direct admission 359 214.92 1.393E4 7.501E4 -0.339 0.001
Indirect admission 112 263.9

Table 7. Analysis of HB related factors among 984 outpatient newborns
Cases  
(n, %)

~1 week 
(n)

~2 week 
(n)

~4 week 
(n)

Hospitalized 
(n)

HDN 42 (4.3) 42 0 0 42
Breast feeding jaundice 391 (39.7) 12 135 244 11
Hepatitis syndrome 33 (3.3) 1 12 20 33
Biliary atresia 15 (1.5) 9 5 1 15
Feeding insufficiency 105 (10.7) 33 45 27 10
Infection 56 (5.7) 31 20 5 56
Unexplainable reason 342 (34.8) 41 187 114 16
Sum 984 (100) 169 404 411 183

ary atresia; 183 of 984 
cases were hospita- 
lized for treatment, and 
the other 801 cases 
(81.4%) were treated as 
outpatients. The major 
risk factors were breast-
feeding jaundice, jaun-
dice due to feeding in- 
sufficiency, and jaundi- 
ce of unknown cause. 
For this group, routine 
blood tests, liver func-
tion tests, blood cul- 
ture, and virus detect- 
ion and other tests were 
not ordered at the ini- 
tial consultation. These 
cases were diagnosed 
as “breastfeeding jaun-
dice”, for which breast-
feeding was discontin-
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vere hyperbilirubinemia. Henny analyzed 170 
neonatal hyperbilirubinemia cases, and report-
ed that the main cause of severe hyperbilirubi-
nemia was hemolytic disease caused by ABO 
blood-group-incompatibility [12]. The present 
study found that the major causes of hyperbili-
rubinemia in our hospital were jaundice of 
unknown cause, jaundice due to early feeding 
insufficiency, and breastfeeding jaundice, and 
the main risk factors for severe hyperbilirubine-
mia were neonatal hemolysis and infection.

HDN in China is mainly due to maternal-in- 
fant ABO incompatibility. The proportion of Rh 
negative blood types was relatively higher in 
the region studied, and the probability of Rh 
blood group incompatibility as a cause of HDN 
was relatively high. However, antenatal hemo- 
lysis testing could not be performed in some 
regions, and neonatal jaundice might progress 
rapidly. Currently, most hemolysis induced by 
blood group incompatibility can be diagnosed 
before delivery; routine prenatal examination 
plus postnatal bilirubin monitoring and prompt 
intervention can therefore prevent hyperbiliru-
binemia after birth, and early diagnosis plus 
postnatal monitoring in populations at high  
risk of jaundice should be recommended. 
Glucose-6-phosphate dehydrogenase (G6PD) 
deficiency has a very low incidence in the 
region studied, and the test is not routinely per-
formed. Intrauterine infection has been an 
important cause of perinatal death and disabil-
ity in China. Early effective prevention and 
treatment of neonatal infection have been  
necessary to eliminate this high-risk factor for 
neonatal hyperbilirubinemia.

In this study, early feeding insufficiency was  
an important cause of neonatal hyperbiliru- 
binemia, accounting for a large proportion 
among the hospitalized cases. In other coun-
tries, research on early hyperbilirubinemia in 
healthy full-term breastfed infants showed  
that breastfeeding insufficiency and weight 
loss were related to the increasing number and 
severity of hyperbilirubinemia cases rather 
than to breast milk itself [3, 4]. Studies have 
shown that insufficient feeding after birth 
induced maximal birth weight loss and was  
the only independent risk factor for neona- 
tal hyperbilirubinemia [5]; this suggested that 
providing prompt postnatal feeding guidance 
could reduce the occurrence of hyperbilirubine-
mia. With the development of molecular biolo-

gy, studies found that some cases of unex-
plained neonatal hyperbilirubinemia were as- 
sociated with gene mutations for bilirubin 
metabolism-related enzymes, such as G6PD, 
as well as the Gly71Arg mutation in the UGT1A1 
gene and the OATP2 mutation. This study 
showed that although some neonatal hyper- 
bilirubinemia cases do have a clear explana-
tion, such as early feeding insufficiency or 
breastfeeding jaundice, there are still many 
cases with unknown cause. Therefore, when 
treating patients with unexplained hyperbiliru-
binemia, we should closely monitor postnatal 
bilirubin and perform bilirubin metabolism-
related enzyme gene analysis if necessary, 
which could meaningfully reduce the progre- 
ssion of unexplained hyperbilirubinemia to se- 
vere hyperbilirubinemia.

Much research has been done on the clini- 
cal application of transcutaneous bilirubin 
analysis [13]. A transcutaneous bilirubin ana-
lyzer has proven reliable in clinical monitor- 
ing of neonatal jaundice, and can also be used 
for screening pathological jaundice in new-
borns, as well as monitoring the treatment 
effects [14-18]. Some authors have suggested 
that transcutaneous bilirubin analysis could 
replace laboratory assays of serum bilirubin in 
clinical applications. In particular, outpatient 
neonates can be tested easily and noninva- 
sively. In this study, breastfeeding jaundice  
was the primary cause of neonatal hyperbiliru-
binemia in outpatients, and was commonly 
seen in the late-stage neonatal period; most  
of these cases did not require blood tests such 
as liver functions, virus screening tests, and 
cultures. For these cases, we only prescribed 
oral liver enzyme inducers and changed the 
feeding models; most cases resolved, indicat-
ing that outpatients with hyperbilirubinemia 
can generally improve, and that blood tests  
are not necessary, thus reducing family medi-
cal burdens. Intervention for neonatal jaun- 
dice has been excessive in China, and exces-
sive clinical examination and lab testing might 
be painful for the newborn, and can increase 
the family’s financial burden. The American 
Academy of Pediatrics (AAP) updated its inter-
vention guidelines for neonatal jaundice in 
2004, and recommended that all newborns 
should have risk-assessment for hyperbiliru- 
binemia before discharge [19]. In recent years, 
software has been used to assess the develop-
ment of hyperbilirubinemia; Ferreira et al. [20] 
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developed software based on a large database 
of neonatal information and changes in biliru-
bin after birth; the software can assess the 
development of bilirubin according to levels 
within 24 hours after birth, and can effectively 
control hyperbilirubinemia. The treatment of 
neonatal hyperbilirubinemia in other countries 
had been increasingly standardized, with much 
work remaining to be done in China.

Conclusions

Major risk factors for severe hyperbilirubinemia 
in full-term newborns differed between early-
stage and late-stage newborns. Jaundice of 
unknown cause accounted for a large propor-
tion of the cases, and should be the current 
focus of research on neonatal jaundice. The 
causes of neonatal jaundice in clinical consul-
tation were mostly related to the infant feeding 
models.
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