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Background: Liver dysfunction is common in pregnancy but its association with adverse pregnancy outcomes
such as preterm birth (PTB) remains unclear.
Methods: A prospective cohort of HBV-infected or uninfected pregnant women attending antenatal care was re-
cruited at Nantong Maternal and Child Health Hospital between January 1, 2012, and June 30, 2016. Liver func-
tion tests (LFTs) were monitored through pregnancy. The primary outcomes were PTB and very PTB (delivery
prior 37 and 32 weeks' gestation respectively). Poisson regression was used to estimate adjusted risk ratios
(RR) for women with HBV infection and LFT abnormalities.
Results: Among 36,755 pregnant women (1,113 HBV carriers and 35,642 non-HBV subjects), 3,519 (9.57%) had
abnormal LFTs. The commonest cause for liver dysfunction during pregnancy was non-alcoholic fatty liver dis-
eases (NAFLD, 51.3%). Abnormal aspartate aminotransferase (AST), gamma-glutamyltransferase (GGT) and
two folds upper limit of normal total bilirubin (RR and 95%CI: 2.73, 1.30–5.76; 2.24, 1.35–3.31; 2.01, 1.22–3.31
respectively), rather thanHBsAg positivity,were identified as independent risk factors for preterm birth. Besides,
GGT abnormality was associated with increased risk of very PTB.
Conclusions: We suggest that surveillance of LFTs among pregnant women should be warranted, given the in-
creased risk of PTB.

© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Pretermbirth (PTB, delivery prior 37weeks' gestation) or premature
birth remains a leading cause for neonatal morbidity and mortality, as
well as a wide array of long-term sequelae (Saigal and Doyle, 2008).
Worldwide, an estimated 15million babies are born premature annual-
ly and the number is increasing, with rates varying from 5% to 18%
across countries (Goldenberg et al., 2008).

Chronic hepatitis B virus (HBV) infection is highly endemic in China.
The seroprevalence rate of hepatitis B surface antigen (HBsAg) was
antong Third People's Hospital
tong 226006, China

. This is an open access article under
reported 6.71% among pregnant women in our province (Zhang et al.,
2010). Several studies, including our previous studies, explored the inci-
dence of PTB inwomenwith HBV infection, but the results are inconsis-
tent (Chen et al., 2015; Connell et al., 2011; Cui et al., 2016a,b; Salemi et
al., 2014; Sirilert et al., 2014). Recently, a large-scale population-based
cohort study suggested that pre-pregnancy HBV infection may be asso-
ciated with increased risk for preterm delivery (Liu et al., 2017). More-
over, three reviews suggestedminimally but significantly increased risk
of preterm birth among HBV carriers (Cui et al., 2016b; Huang et al.,
2014; Ma et al., 2017). However, It should be stressed that chronic
HBV infection is also a major cause of liver dysfunction (e.g. rise in
serum aminotransferase and bilirubin), which may have serious conse-
quences by itself (Than and Neuberger, 2013). The impact of liver dys-
function on preterm birth has not been systematically documented
and remains unclear.
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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In the current study, we conducted a hospital-based cohort study to
determine whether liver function test (LFT) abnormalities, as well as
chronic HBV infection, were associated with increased risk of PTB.

2. Methods

2.1. Study Cohort

A prospective cohort was recruited at the Nantong Maternal and
Child Health Hospital affiliated to Nantong University, China between
January 1, 2012 and June 30, 2016. The medical history as well as
supporting clinical and laboratory information were collected at base-
line. All pregnant women aged 18 to 50 years were screened. Exclusion
criteria were (1) multiple pregnancy; (2) positivity for antibodies
against hepatitis C virus (HCV), human immunodeficiency virus (HIV),
toxoplasma (TOX), rubella virus (RV), cytomegalovirus (CMV) or her-
pes simplex virus (HSV-1/2), positivity for rapid plasma reagin test/
RPR (indicating active syphilis infection); (3) pre-existing chronic dis-
eases such as diabetes mellitus (DM), hypertension or heart diseases;
(4) spontaneous or induced abortion; (5) lost to follow-up or incom-
plete data. HBV carriers were defined as those who had positive
HBsAg for at least 6 month.

This study was performed according to the Declaration of Helsinki
and approved by the Institutional Review Board of the Nantong Mater-
nal and Child Health Hospital affiliated to Nantong University, China.
Written informed consents were obtained from all participants.

2.2. Procedures

This study was conducted during January 2012 to April 2017. Data
onmaternal demographic characteristics were collected from question-
naires completed by women at the first antenatal visit. Serum alanine
aminotransferase (ALT), aspartate aminotransferase (AST), gamma-
glutamyltransferase (GGT) and total bilirubin (TBiL) were measured
with an automatic biochemical analyzer (AU2700, Olympus, Japan). Se-
rological tests for HBsAg and hepatitis B e antigen (HBeAg) were done
by enzyme linked immunoassays on a random-access analyzer (Archi-
tect i2000; Abbott Diagnostics, USA). Liver function tests were assessed
as routine in all pregnancies. All recruited women had baseline LFT per-
formed and at least one subsequent test. Additional LFTs were request-
ed by the obstetric staff or general clinical practitioners. The medical
aspects of the pregnancy were followed-up as clinically appropriate.
Other investigations included hepatobiliary ultrasonography, serum
bile acids, hepatitis A, C, E serology, autoantibodies, etc.

Abnormal LFT was defined as at least one result of the four markers
(ALT, AST, GGT, total bilirubin) greater than its upper limit of normal
(ULN), i.e. ALT N40 U/L or AST N 40 U/L or GGT N 50 U/L or total bilirubin
N17.1 μmol/L. Diagnoses of non-alcoholic fatty liver diseases (NAFLD),
intrahepatic cholestasis of pregnancy (ICP), pre-eclampsia/eclampsia,
haemolysis, elevated liver enzymes and low platelets (HELLP) syn-
drome, and acute fatty liver of pregnancy (AFLP) were made according
to relevant guidelines (Chalasani et al., 2012; Tran et al., 2016).

2.3. Outcomes

The primary outcomewas preterm birth. The definitions of PTB, very
PTB and extremely PTB were spontaneous or medically indicated labor
occurring at b37, 32, and 28 weeks of gestation respectively, according
to theWorld Health Organization (WHO) guidelines (WHO, 2015). The
participants were followed-up until the end of pregnancy.

2.4. Statistical Analysis

Statistical analyses were conducted using Stata 14.0 (Stata Corp., TX,
USA). Continuous or categorical data were compared using Student's t-
test or Chi-square test respectively. Relative risks (RRs) and 95%
confidence intervals (CIs) were calculated using the ‘cs’ command in
Stata to describe the association between each outcome category and
potential risk factors. All tests were two-sided, and the significance
level was set at 0.05.

According to hepatitis B virus infection status, participants were di-
vided into two or three groups. HBsAg negative indicated no infection
with HBV (control group); HBsAg positive women (exposure group)
were further divided into HBeAg negative (exposure group 1) and
HBeAg positive (exposure group 2) subgroups. Poisson regression
models, as we described elsewhere (Qin et al., 2016), were used to esti-
mate RRs of PTB for women with HBV infection or LFT abnormality. In
model 1, we adjusted for age categories (18–24 years, 25–29 years,
30–34 years, 35–39 years, or 40–50 years). In model 2, we additionally
adjusted for pre-pregnancy BMI categories (b18.5 kg/m2, 18.5–
23.9 kg/m2, 24.0–27.9 kg/m2, or ≥28.0 kg/m2), levels of education
(high school or under, college or above), history of pregnancy (first ges-
tation) and history of adverse pregnancy outcomes (spontaneous or in-
duced abortion, preterm birth or stillbirth). In model 3, in addition to
those factors included in model 2, we also adjusted for HBV infection
status (HBsAg negative, HBsAg positive and HBeAg negative, HBsAg
and HBeAg double positive), LFT abnormality categories.

2.5. Role of the Funding Source

The funders had no role in the study design, data collection, data
analysis, data interpretation, orwriting of the report. The corresponding
author had full access to all data in the study and had final responsibility
for the decision to submit for publication.

3. Results

3.1. Participant Characteristics and Pregnancy Outcomes

A total of 44,906 pregnant women were screened during their first
trimester of pregnancy at Nantong Maternal and Child Health Hospital
affiliated to Nantong University, China. Of these, 6,242 were excluded:
due to multiple pregnancy in 1,518 subjects; due to other infection in
2,496 subjects; due to concurrent medical complications (DM, hyper-
tension or heart diseases) in 841 subjects, due to spontaneous or in-
duced abortion in 2,787 subjects. Thereafter, 37,264 pregnant women
were recruited in this study, including 1,115 HBV carriers and 36,149
non-HBV subjects. Most of the enrolled subjects received at least three
health examinations and were followed-up until delivery. Five hundred
and nine subjects were excluded because of lost to follow-up (292 sub-
jects) or incomplete data (217 subjects). Finally, 36,755 subjects, with
1,113HBV carriers and 35,642non-HBV subjects,were included (Fig. 1).

The demographic and clinical characteristics were listed in Table 1.
The median age of all participants was 26 years (IQR 25–29). 6.38% of
the subjects were aged 35 years or more, 62.04% had an education
level of college or above, and 61.41%were in their first pregnancy. How-
ever, baseline characteristics for the HBV carrier and non-HBV groups
were not comparable in terms of history of gestation, abortion.

The main pregnancy outcomes were also listed in Table 1. The inci-
dence of preterm birth was significantly higher in HBV carrier group
than that in the non-HBV group (9.70% vs 7.16%, P = 0.018). Mean-
while, for incidence of very PTB and extremely PTB, there was no signif-
icant difference between the two groups.

3.2. Distribution of Preterm Birth Cases in Women With LFT Abnormality

Of these 36,755 women, 3,519 (9.57%) had at least one abnormal
liver function test result. The commonest liver disease observed in preg-
nancy here was NAFLD (1,805/36,755, 4.91%). The onset of liver dys-
function occurred mostly during the first and third trimesters. The
incidence of ICP, preeclampsia/eclampsia and HELLP syndrome were



Fig. 1. Flowchart of participant selection for the study cohort.
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1.37%, 3.14% and 0.02% respectively. Only one case of AFLP was
diagnosed.

HBV carriersweremore likely than non-HBV subjects to have abnor-
mal LFT results (15.81% vs. 9.38%, P b 0.001). Women with normal and
abnormal test resultswere grouped according to individual LFT for anal-
ysis. Preterm birth was more common in women with abnormal ALT,
AST, GGT or total bilirubin (P b 0.05). For subgroups ofwomenwith nor-
mal, N1× ULN and ≤2× ULN, N2× ULN and ≤5× ULN, N5× ULN of ALT,
the incidence of PTB were 7.66%, 8.15%, 12.07% and 26.92% [P (trend) b
0.05]. Women with N2× ULN of total bilirubin had higher incidence of
PTB than those with lower levels. Similar trends were observed for the
incidence of very PTB (Table 2).
Table 1
Characteristics, pregnancy outcomes and complications of the study population.

Characteristic Non-HBV HBV carrier Pa

n 35,642 1,113
Ethnic origin 0.872

Han 35,503 1,109
Others 139 4

Maternal age (y) 27.18 ± 4.06 28.28 ± 4.28 b0.001
18–24 8,818 182 b0.001
25–29 18,710 579
30–34 5,876 246
35–39 1,931 94
40–50 307 12

Pre-pregnancy BMI 22.41 ± 5.74 22.15 ± 5.66 0.137
b18.5 2,889 84 0.098
18.5–24.9 28,133 871
25–29.9 4,446 147
≥30 174 11

Education
High school/under 13,532 420 0.876
College/above 22,110 693

History of pregnancy
First gestation 21,975 596 b0.001
Prior abortion 2,710 114 0.001
Prior preterm birth 629 23 0.135
Prior stillbirth 22 1 0.712

Pregnancy outcomes
Preterm birth 2,767 108 0.018
Very PTB 362 17 0.096
Extremely PTB 53 2 0.792

Full-term birth 32,305 988 0.275
Postterm birth 537 15 0.668
Stillbirth 33 2 0.354

GDM 2,605 98 0.060

Abbreviations: PTB, preterm birth; BMI, body mass index; LFT, liver function test; HBV, hepatit
glutamyltransferase; TBiL, total bilirubin; GDM, gestational diabetes.

a Compared with t-test, or χ2 test or Fish's test.
3.3. Association of LFT Abnormality With HBV Infection and Preterm Birth

Table 3 shows unadjusted andmultivariate-adjusted RRs and 95%
CIs of PTB associated with HBV infection and LFT abnormality. Unad-
justed Poisson analysis suggested that the HBV infection status
(HBsAg and HBeAg double positive) and liver function test abnor-
malities (ALT N 80 U/L, AST N 40 U/L, GGT N 50 U/L and total bilirubin
N 34.2 μmol/L) were significantly associated with risk of preterm
birth. Abnormal AST and GGT results showed stable association
with risk of preterm birth in all three models (model 1, model 2
and model 3). Besides, the trends were significant (P b 0.001). Two
folds ULN of total bilirubin levels were also an independent risk fac-
tor for PTB. In contrast, adjusting for different covariates substantial-
ly influenced the estimates for HBV status and ALT abnormality.
Women with HBV infection, abnormal ALT or total bilirubin results
seemed to be at higher risk for preterm birth, according to age- and
multivariate-adjusted analyses (model 1 and model 2). The fully
adjusted model (model 3) showed that they were not independent
risk factors for preterm birth.

Unadjusted, model 1 and model 2 analyses suggested that ALT, AST,
GGT and TBiL abnormalities were associated with very PTB. However,
the fully adjusted model (model 3) only identified GGT abnormality as
an independent risk factor for very PTB (Table S1).

4. Discussion

Pregnancy is sometimes complicated by specific or non-specific
liver diseases (Joshi et al., 2010). It has been estimated that liver
function test abnormalities occur in around 3%–5% of pregnancies
(Pan and Perumalswami, 2011). Its incidence in China has received
little attention. Our prospective study has shown that liver
dysfunction in pregnancy is more common (9.57%). The commonest
cause for abnormal liver function tests during pregnancy here is
Total PTB Very PTB Extremly PTB

36,755 2,875 (7.82%) 379 (1.03%) 55 (0.15%)

36,612 2,863 (7.82%) 746 (2.04%) 55 (0.15%)
143 12 (8.39%) 4 (2.80%) 0
27.22 ± 4.07
9,000 730 (8.11%) 78 (0.87%) 6 (0.07%)
19,289 1,320 (6.84%) 181 (0.94%) 35 (0.18%)
6,122 529 (8.64%) 74 (1.21%) 9 (0.15%)
2,025 232 (11.46%) 32 (1.58%) 3 (0.15%)
319 64 (20.06%) 14 (4.39%) 2 (0.63%)
22.40 ± 5.74
2,973 243 (8.17%) 33 (1.11%) 6 (0.20%)
29,004 2,058 (7.10%) 272 (0.94%) 34 (0.12%)
4,593 547 (11.91%) 69 (1.50%) 14 (0.30%)
185 27 (14.59%) 5 (2.70%) 1 (0.54%)

13,952 1,122 (8.04%) 143 (1.02%) 22 (0.16%)
22,803 1,753 (7.69%) 236 (1.03%) 33 (0.14%)

22,571 1,560 (6.91%) 201 (0.89%) 34 (0.15%)
2,824 345 (12.22%) 53 (1.88%) 10 (0.35%)
652 71 (10.89%) 11 (1.69%) 2 (0.31%)
23 3 (13.04%) 0

2875
379
55
33,293
552
35
2703 225 (8.32%) 28 (1.04%) 2 (0.07%)

is B virus; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-



Table 2
Association of LFT abnormality with preterm birth in the study population.

Characteristic Non-HBV HBV carrier Pa Total PTB Very PTB Extremely PTB

n 35,642 1113 36,755 2,875 (7.82%) 379 (1.03%) 55 (0.15%)
LFT

Abnormalb 3,343 176 b0.001 3,519 358 (10.17%) 57 (1.62%) 5 (0.14%)
1st trimester 1,225 56 1,281
2nd trimester 519 28 547
3rd trimester 1,589 92 0.412 1,691

Etiology
NAFLD 1,493 61 1,805 217 (12.02) 22 (1.22%) 3 (0.17%)
Pre-eclampsia/eclampsia 1,114 40 1,154 313 (27.12%) 32 (2.77%) 1 (0.09%)
HELLP 7 0 7 5 (71.43%) 4 (57.14%) 0
ICP 466 39 505 117 (23.17%) 11 (2.18%) 1 (0.20%)
AFLP 1 0 1 0 0 0
Others 262 36 b0.001 298

ALT (U/L)
0–40 33,406 987 34,393 2,634 (7.66%) 345 (1.00%) 52 (0.15%)
41–80 1,536 83 1,619 132 (8.15%) 22 (1.36%) 2 (0.12%)
81–200 581 32 613 74 (12.07%) 11 (1.79%) 1 (0.16%)
201– 119 11 b0.001 130 35 (26.92%) 1 (0.77%) 0

AST (U/L)
0–40 34,335 1025 35,360 2677 (7.57%) 353 (1.00%) 53 (0.15%)
41–80 989 57 1,046 123 (11.76%) 19 (1.82%) 1 (0.10%)
81–200 260 24 284 55 (19.37%) 6 (2.11%) 1 (0.35%)
201– 58 7 b0.001 65 20 (30.77%) 1 (1.54%) 0

GGT (U/L)
0–50 35,063 1,085 36,148 2,759 (7.63%) 356 (0.98%) 52 (0.14%)
51–100 466 23 489 91 (18.61%) 20 (4.09%) 3 (0.61%)
101– 113 5 0.069 118 25 (21.19%) 3 (2.54%) 0

TBiL (μmol/L)
0–17.1 34,859 1,070 35,929 2,804 (7.80%) 364 (1.01%) 53 (0.15%)
17.2–34.2 730 40 770 53 (6.88%) 12 (1.56%) 2 (0.26%)
34.3– 53 3 0.001 56 18 (32.14%) 3 (5.36%) 0

Abbreviations: PTB, preterm birth; BMI, body mass index; LFT, liver function test; HBV, hepatitis B virus; NAFLD, nonalcoholic fatty liver diseases; HELLP syndrome, hemolysis, elevated
liver enzymes, and low platelets with orwithout preeclampsia; ICP, intrahepatic cholestasis of pregnancy; AFLP, acute fatty liver of pregnancy; ALT, alanine aminotransferase; AST, aspar-
tate aminotransferase; GGT, gamma-glutamyltransferase; TBiL, total bilirubin.

a Compared with t-test, or χ2 test or Fish's test.
b At least one result of the four markers (ALT, AST, GGT, TBiL) was greater than its upper limit of normal.
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NAFLD (1,805/3,519, 51.3%). Actually, the number of patients with
NAFLD is rising at an alarming rate in China and worldwide (Wang
et al., 2014). It is biologically plausible that pregnancy may reveal
Table 3
Relative risks of preterm birth in subjects with HBV infection or LFT abnormality.

Unadjusted Model 1

RR (95%CI) P for trend RR (95%CI) P f
HBV status

HBsAg− 1 1
HBsAg + HBeAg− 1.20 (0.96–1.50) 1.16 (0.93–1.45)
HBsAg + HBeAg+ 1.43 (1.01–2.06) 0.015 1.44 (1.00–2.08) 0.0

ALT (U/L)
0–40 1 1
41–80 1.06 (0.89–1.27) 1.06 (0.89–1.26)
81–200 1.58 (1.25–1.99) 1.57 (1.24–1.57)
201– 3.52 (2.52–4.91) b0.001 3.59 (2.57–5.02) b0

AST (U/L)
0–40 1 1
41–80 1.55 (1.30–1.86) 1.55 (1.29–1.86)
81–200 2.56 (1.96–3.34) 2.54 (1.94–3.31)
201– 4.06 (2.62–6.31) b0.001 4.07 (2.62–6.32) b0

GGT (U/L)
0–50 1 1
51–100 2.44 (1.98–3.00) 2.46 (2.00–3.03)
101– 2.78 (1.87–4.12) b0.001 2.71 (1.83–4.02) b0

TBiL (μmol/L)
0–17.1 1 1
17.2–34.2 0.88 (0.67–1.16) 0.86 (0.65–1.13)
34.3– 4.12 (2.59–6.55) 0.022 3.91 (2.46–6.22) 0.0

RR, risk ratio; CI, confidence interval; ALT, alanine aminotransferase; AST, aspartate aminotran
Model 1: adjustment was made for age.
Model 2: adjustment was made for age, BMI, education, history of pregnancy (first gestation, s
Model 3: adjustment was made for the variables used in Model 2 and for HBV status and the o
previously subclinical diseases such as NAFLD, given the insulin
resistance in pregnancy (Page and Girling, 2011). In terms of the
incidence of the four pregnancy-related liver diseases (ICP,
Model 2 Model 3

or trend RR (95%CI) P for trend RR (95%CI) P for trend

1 1
1.13 (0.91–1.42) 1.10 (0.88–1.38)

21 1.44 (1.00–2.07) 0.030 1.34 (0.93–1.94) 0.091

1 1
1.07 (0.90–1.28) 0.76 (0.62–1.05)
1.59 (1.26–2.00) 0.71 (0.50–1.01)

.001 3.63 (2.60–5.06) b0.001 1.02 (0.55–1.88) 0.054

1 1
1.56 (1.31–1.87) 1.82 (1.41–2.35)
2.52 (1.93–3.29) 2.42 (1.59–3.67)

.001 4.04 (2.60–6.27) b0.001 2.73 (1.30–5.76) b0.001

1 1
2.44 (1.98–3.01) 2.00 (1.60–2.49)

.001 2.69 (1.81–3.99) b0.001 2.24 (1.35–3.31) b0.001

1 1
0.85 (0.65–1.11) 0.74 (0.56–1.02)

43 3.91 (2.46–6.21) 0.055 2.01 (1.22–3.31) 0.874

sferase; GGT, gamma-glutamyltransferase; TBiL, total bilirubin.

pontaneous or induced abortion, preterm birth and stillbirth).
ther liver function tests.
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preeclampsia/eclampsia, HELLP syndrome and AFLP), our results
were similar to study performed in UK (Ch'ng et al., 2002).

The liver plays critical roles in regulating inflammation by control-
ling local as well as systemic inflammatory responses via different mo-
lecular mechanisms (Marra and Tacke, 2014). Meanwhile, the
pathophysiology of PTB remains unclear. It has been implicated that
local and systemic inflammationmay be independent etiological factors
of PTB. According to previous studies, a significant proportion of pre-
term births were associated with overproduction of pro-inflammatory
cytokines (Wei et al., 2010).

It is not always easy to distinguish the cause of abnormal LFT results,
due to chronic HBV infection or other causes, because they share similar
biochemical (ALT, AST, GGT, total bilirubin levels) characteristics. Al-
though most studies show that HBV carrier status is an independent,
but only weak risk factor for preterm birth, our study demonstrates
that HBV carriers who tend to have more preterm birth are also more
likely to have abnormal LFT. Our findings are not contradictory to previ-
ous findings (Liu et al., 2017), as HBV carrier status might have a syner-
gistic effect in case of premature birth. To the best of our knowledge, this
study for the first time identified the association of maternal LFT abnor-
mality with preterm birth.

Admittedly, there are several limitations in the study. First, the study
was undertaken solely in a tertiary maternal and child health hospital.
The hospital serves nearly half of the city's population and guarantees
good patient representative. Secondly, we have not examined hepatitis
B viral activity (e.g. HBVDNA)whichmight have certain effects on preg-
nancy outcomes.Meanwhile, HBeAg in serum indicates active viral rep-
lication in hepatocytes and thus represents a surrogate marker for HBV
DNA (Yang et al., 2002). Thirdly, LFTs are only one set of variables that
may be associated with adverse pregnancy outcomes and their results
may change over time. Future research that examines the association
of changes in LFT results more meticulously will be necessary. Last,
some diseases such as gall bladder disease, drug-induced liver injury
(e.g., estrogen or progesterone) have not listed as separate causes of ab-
normal LFTs.

In conclusion, our cohort study indicates that pregnant womenwith
LFT abnormalities may be a clinically important group given the in-
creased risk of preterm birth. Surveillance of liver function tests
among pregnant women, especially HBV carriers, is warranted. In the
future, pathophysiological studies are warranted to clarify the causality
and the possible mechanisms involved.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ebiom.2017.11.014.
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