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Abstract

Objectives: To analyze pregnancy outcomes and factors
influencing early-onset intrahepatic cholestasis of preg-
nancy (ICP), offering insights to improve the management,
diagnosis, and treatment of ICP during pregnancy.
Methods: We categorized 127 pregnant women with ICP
into two groups based on a gestational age cutoff of 28weeks.
The analysis centered on biochemical markers, pregnancy
complications, and outcomes to identify factors influencing
early-onset ICP.
Results: We found that biochemical markers including
alanine aminotransferase, aspartate aminotransferase,
gamma-glutamyl transferase (GGT), alkaline phosphatase,
total bilirubin, direct bilirubin (DBIL), indirect bilirubin, and
cholesterol were significantly lower in early-onset ICP
compared to late-onset ICP. Importantly, premature birth
rates were higher in the early-onset ICP group. Through
univariate and multivariate logistic regression analyses of
these biochemical markers, GGT and DBIL emerged as
significant predictive factors (OR=0.84 and 0.54).
Conclusions: Early-onset ICP is characterized by its early
onset, prolonged duration, and a higher incidence of
premature births compared to late-onset ICP, leading to
adverse perinatal outcomes. This research underscores
the protective role of GGT and DBIL in early-onset ICP.
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Introduction

Intrahepatic cholestasis of pregnancy (ICP) typically occurs
during the third trimester and shows significant regional

and ethnic variations in incidence rates [1]. Globally, ICP
incidence ranges from 0.2 to 2 %, with higher rates observed
in specific regions of South America, Northern Europe, and
China [2–4]. The main clinical manifestations of ICP include
pruritus (itching) and elevated bile acid levels, sometimes
accompanied by abnormal liver function tests. Postpartum,
both symptoms and biochemical abnormalities associated
with ICP generally resolve. Despite a favorable maternal
prognosis, ICP can lead to serious short-term and long-term
complications for the fetus, such as distress, preterm birth,
growth restriction, and in severe cases, sudden or stillbirth [1].

Recent clinical studies have identified an increasing
incidence of early-onset ICP, prompting exploration into
its clinical characteristics and perinatal outcomes [5, 6].
However, research in this area remains limited. There is
no consensus on the gestational week threshold defining
early-onset ICP. While some researchers classify early-onset
ICP as occurring before the 28th week of gestation, others
suggest thresholds at 32 or 34 weeks [7–10]. Pan Yue’s
research indicates that significant differences exist in
serum biochemical indicators and perinatal outcomes
among patients whose ICP onset occurs around 28 weeks of
gestation. In contrast, no significant differences are
observed among patients whose ICP onset occurs around
32 weeks [11]. Nevertheless, early detection and precise
definition of early-onset ICP are critical for effective clinical
management.

In our study, we used the 28-week gestational mark as
the cutoff to examine differences in biochemical markers,
incidence of pregnancy complications, and outcomes
between early- and late-onset ICP. Additionally, we explored
factors influencing adverse pregnancy outcomes among
women with early-onset ICP. This research aims to offer
clinicians insights to improve management, diagnosis, and
treatment strategies for ICP, with the goal of reducing its
adverse effects on pregnancy outcomes.

Materials and methods

Patients selection

In this study, 127 pregnant women with singleton pregnan-
cies diagnosed with ICP were included, who were admitted
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to and delivered at Fujian Provincial Maternity and Chil-
dren's Hospital Hospital from January 1, 2022, to December
31, 2022. The research protocol received ethical approval
from the Ethics Committee of Fujian Provincial Maternity
and Children’s Hospital (approval date: February 24, 2023;
reference number: 2023YJ003). All participants provided
informed consent for data collection.

Inclusion criteria, exclusion criteria, and ICP
grading

Inclusion criteria

Diagnosis and classification of ICP followed the 2015
guidelines set by the Chinese Medical Association of Ob-
stetrics and Gynecology. Diagnostic criteria included unex-
plained skin itching, fasting total bile acids ≥10 μmol/L,
unexplained liver function abnormalities with normal bile
acid levels, mild to moderate elevation in serum alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST) levels potentially accompanied by increased gamma-
glutamyl transferase (GGT) and bilirubin levels, and reso-
lution of skin itching and liver function normalization after
delivery.

Exclusion criteria

Cases with incomplete medical records, twin pregnancies,
and pregnancies complicated by medical or surgical condi-
tions such as hypertension, primary liver disease, scarred
uterus, and central placenta previa were excluded.

ICP grading

Mild ICP was defined as total serum bile acid levels ranging
from 10 to 39.9 μmol/L, with pruritus as the primary symp-
tom, with no other symptoms. Severe ICP was characterized
by total serum bile acid levels of ≥40 μmol/L, often accom-
panied by factors such as multiple pregnancy, hypertensive
disorders, recurrent ICP, history of stillbirth due to ICP, or
neonatal asphyxia.

Research methods

The 127 pregnant women were categorized into two
groups based on the gestational age at onset of ICP: Group A
(early-onset ICP, <28weeks) comprised 71 cases, and Group B
(late-onset ICP, ≥28 weeks) comprised 56 cases. General
characteristics, biochemical markers, the occurrence of

pregnancy complications, and pregnancy outcomes for both
groups were examined.

The collected data encompassed variables such as age,
gravida, para, body mass index, weight gain during preg-
nancy, history of ICP, smoking status, pruritus symptoms,
and biochemical markers (ALT, AST, GGT, alkaline phos-
phatase [ALP], total bilirubin [TBIL], direct bilirubin [DBIL],
indirect bilirubin [IBIL], total bile acids [TBA], and choles-
terol [CHOL]). Additionally, information on the incidence of
pregnancy complications (e.g., gestational hypertension,
preeclampsia, gestational diabetes mellitus, fetal growth
restriction [FGR], premature rupture of membranes,
placental abruption) and pregnancy outcomes (e.g., prema-
ture delivery, cesarean section, meconium-stained amniotic
fluid, fetal distress, postpartum hemorrhage, neonatal birth
weight) was recorded. Observational parameters, such as
rates of cesarean section, premature delivery, meconium-
stained amniotic fluid, fetal distress, postpartum hemor-
rhage, neonatal asphyxia, and neonatal birth weight, were
also documented for both groups.

Univariate logistic analysis was performed on these
biochemical markers to identify significant factors, which
were subsequently included in a multivariate logistic
regression analysis to ascertain the influential factors of
early-onset ICP. The flow diagram is shown in Figure 1.

Statistical analysis

All data were analyzed using SPSS version 25.0. Measure-
ment data were initially assessed for normal distribution
and reported as mean±standard deviation if normally
distributed, or as median and interquartile range if not. For
normally distributed data with homogeneous variance, a
t-test was used. When the data were not normally distrib-
uted, the Mann-Whitney U test (Wilcoxon rank-sum test)
was applied to compare differences between two groups.
Categorical data were analyzed using the chi-squared (χ2)
test. Multivariate logistic regression analysis was conducted
to identify factors influencing early-onset ICP, with variable
selection performed using stepwise selection (both forward
and backward) based on the Akaike Information Criterion
(AIC). Statistical significance was set at p<0.05.

Results

The comparison of general data and biochemical markers
between early- and late-onset ICP is detailed in Tables 1
and 2, respectively. The analysis revealed no significant
differences in age, parity, body mass index, weight gain
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during pregnancy, history of ICP, pruritus symptoms, or
other markers between the two groups. However, levels of
ALT, AST, GGT, ALP, TBIL, DBIL, and IBIL were significantly

lower in the early-onset ICP group compared to the late-
onset group. Although there was no significant difference
in TBA levels between the two groups, the early-onset ICP
group had higher TBA levels than the late-onset group.
Levels of CHOL were similar between both groups.

Comparison of pregnancy complications and
pregnancy outcomes between early- and
late-onset ICP

Table 3 displays the incidence of pregnancy complications.
There were no significant differences between the groups in
terms of gestational hypertension, preeclampsia, gestational
diabetes mellitus, thyroid disease, liver damage, FGR,
placental abruption, premature rupture of membranes, or
oligohydramnios. Table 4 displays the rates of cesarean
section, premature birth, and fetal distress. The early-onset
ICP group showed higher rates in these categories. Specif-
ically, the premature birth rate demonstrated a statistically
significant difference. Additionally, neonates in the early-
onset ICP group tended to have lower birth weights
compared to those in the late-onset group (p-value=0.058).

Comparison of biochemical markers
between early- and late-onset ICP

Table 5 shows the results of univariate analysis of
biochemical markers, highlighting significant differences in
GGT, ALP, TBIL, and DBIL between the two groups of ICP.
Subsequently, amultivariate logistic regression analysis was
performed with early-onset ICP as the dependent variable
and those factors with p<0.20 as independent variables.

Group A (n=71)  Group B (n= 56)

Enrollment (n= 127) 

Comparison 

Complications Outcomes Biochemical markers 
Figure 1: Flow diagram of the present study.

Table : Summary of enrolled pregnant women: comparative data be-
tween early-onset and late-onset intrahepatic cholestasis of pregnancy
(Groups A and B).

Group A
(n=)

Group B
(n=)

t or
χ

p-Value

Age, years .±. .±. . .
Gravida (times)  [, ]  [, ] −. .
Para (times)  [, ]  [, ] −. .
Body mass index, kg/m

.±. .±. −. .
Weight gain during
pregnancy, kg

.±. .±. . .

ICP medical history, n (%)  (.%)  (.%)  

Pruritus symptoms, n (%)  (.%)  (.%) . .

ICP, intrahepatic cholestasis of pregnancy.

Table : Comparison of biochemical markers between early-onset and
late-onset intrahepatic cholestasis of pregnancy (Groups A and B).

Group A (n=) Group B (n=) t or U p-Value

ALT . [., .] . [, .] ,. .b

AST . [., .] . [., .] ,. .b

GGT . [., .] . [., .] ,. <.
ALP .±. .±. −. <.
TBIL .±. .±. −. .b

DBIL .±. .±. −. <.
IBIL .±. .±. −. .a

TBA .±. .±. . .
CHOL .±. .±. −. .

ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT,
gamma-glutamyl transferase; ALP, alkaline phosphatase; TBIL, total
bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin; TBA, total bile acid;
CHOL, cholesterol. aRepresentative differences are statistically significant.
bRepresentative differences are highly statistically significant.
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Table 6 presents the findings from the stepwise selection
process (both forward and backward), which identified the
most parsimonious model for predicting early-onset ICP.
In the multivariate analysis, both GGT (p=0.0009, odds ratio

(OR): 0.84, 95 % CI: 0.74–0.92) and DBIL (p=0.005, OR: 0.54,
95 % CI: 0.33–0.80) demonstrated significant predictive value
in the final model. Specifically, each unit increase in GGT
levels was associated with a 16 % reduction in the risk of
early-onset ICP, while each unit increase in DBIL levels was
associated with a 46 % reduction in risk.

Discussion

Previously, ICP was predominantly believed to occur in the
third trimester, with about 80 % of cases emerging after
30 weeks [5]. However, recent clinical studies indicate a
potential earlier onset of ICP during pregnancy, possibly
occurring in the early trimesters. Importantly, earlier onset
of ICP is associated with elevated bile acid levels and an
increased risk of adverse perinatal outcomes [9–12].

In this analysis, patients with ICPwere categorized based
on onset at <28 weeks for early-onset ICP and ≥28 weeks for
late-onset ICP. Differences in biochemical markers, preg-
nancy complications, and pregnancy outcomes between the
two groups were investigated. Clinically, TBA, ALP, liver en-
zymes such as ALT and AST, and other biochemical markers
are pivotal for diagnosing ICP and assessing prognosis [13].
Bilirubin, due to its cytotoxic nature and interaction with bile
acids, remains critical for clinical evaluation. The results
revealed significantly lower levels of ALT, AST, GGT, ALP,
TBIL, DBIL, and IBIL in the early-onset ICP group compared to
the late-onset group. This difference may be attributed to
increased estrogen levels in the third trimester, which can
exacerbate liver stress. Additionally, TBA levels were gener-
ally higher in the early-onset ICP group, potentially contrib-
uting to intensified liver cell damage. This could explain the
elevated biochemical markers observed more frequently in
late-onset ICP compared to early-onset cases.

When comparing pregnancy complications, early-
onset ICP showed a tendency toward higher rates of
gestational hypertension, preeclampsia, thyroid disorders,
FGR, and placental abruption, although these differences
did not reach statistical significance between the two
groups. Cesarean section rates, fetal distress, postpartum

Table : Comparison of pregnancy complications between early-onset
and late-onset intrahepatic cholestasis of pregnancy (Groups A and B).

Group A
(n=)

Group B
(n=)

p-Value

Pregnancy-induced hypertension, n (%)  (.%)  (.%) .
Pre-eclampsia, n (%)  (.)  (.%) .
Gestational diabetes, n (%)  (%)  (%) .
Hypothyroidism during pregnancy,
n (%)

 (.%)  (.%) .

Hyperthyroidism during pregnancy,
n (%)

%  (.%) .

Thyroiditis during pregnancy, n (%)  (.%)  (.%) .
Pregnant liver damage, n (%)  (.%)  (.%) .
FGR, n (%)  (.%)  (.%) .
Placental abruption, n (%)  (.) % .
Premature rupture ofmembranes, n (%)  (%)  (.%) .
Oligohydramnios, n (%)  (.%) % .

FGR, fetal growth restriction.

Table : Univariate logistic regression analysis of biochemical markers
linked to early-onset intrahepatic cholestasis of pregnancy.

Factor β SE Wald χ p-Value OR % CI

ALT . . . . . .–.
AST . . . . . .–.
GGT −. . . .a . .–.
ALP −. .  .b . .–.
TBIL −. . . .b . .–.
DBIL −. . . .b . .–.
IBIL . . . . . .–.
CHOL . . . . . .–.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT,
gamma-glutamyl transferase; ALP, alkaline phosphatase; TBIL, total
bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin; CHOL, cholesterol; CI,
confidence interval. Odds ratios (ORs) are presented per -unit increase in
ALP and GGT. aRepresentative differences are statistically significant.
bRepresentative differences are highly statistically significant.

Table : Multivariate logistic regression analysis of biochemical markers
in early-onset intrahepatic cholestasis of pregnancy.

Factor β SE Wald χ p-Value OR % CI

AST . . . . . .–.
GGT −. . . <. . .–.
DBIL −. . . <. . .–.

AST, aspartate transaminase; GGT, gamma-glutamyl transferase; DBIL,
direct bilirubin; SE, standard error; OR, odds ratio; CI, confidence interval.

Table : Comparison of pregnancy outcomes between early-onset and
late-onset intrahepatic cholestasis of pregnancy (Groups A and B).

Group A
(n=)

Group
B (n=)

p-Value

Caesarean section, n (%)  (.%)  (.%) .
Premature delivery, n (%)  (.%)  (.%) .a

Fetal distress, n (%)  (.%)  (.%) .
Postpartum bleeding, n (%) % % .
Amniotic fluid pollution, n (%)  (.%)  (.%) .
Newborn weight, g ,.±. ,.±. .

aRepresentative differences have statistical significance.
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hemorrhage, and amniotic fluid contamination were
similar across both groups. Neonatal birth weight was
lower in the early-onset ICP group (p-value 0.058), consis-
tent with findings from a meta-analysis suggesting an
association between early-onset ICP and reduced neonatal
birth weight [14]. This underscores that earlier and
prolonged duration of ICP may increase the risk of preg-
nancy complications and adverse perinatal outcomes.

In addition, ICP increases the risk of preterm birth by
24 %. This heightened risk is likely attributed to elevated
blood bile acid levels, which stimulate the release of pros-
taglandins – a critical factor in inducing labor [15]. Bile
acids also enhance the expression of oxytocin receptors
and increase the sensitivity of uterine muscle fibers to
oxytocin, potentially triggering premature labor [15]. Our
findings indicated higher blood bile acid levels in the early-
onset ICP group, suggesting a greater susceptibility to pre-
term birth in these cases. Consequently, ICP significantly
impacts fetal health, with prolonged and intensified bile
acid production amplifying the risk of adverse perinatal
outcomes [16].

Due to the significant impact of ICP on fetuses, the longer
and higher the duration and levels of elevated bile acids, the
greater the risk of adverse perinatal outcomes for infants.
Early identification and management of influencing fac-
tors associated with early-onset ICP during pregnancy
are crucial for improving maternal and infant outcomes.
Therefore, a univariate analysis was conducted on
biochemical indicators (ALT, AST, GGT, ALP, TBIL, DBIL,
IBIL, CHOL) for the two groups of pregnant women. Signif-
icant differences were found in GGT, ALP, TBIL, and DBIL
levels between the two groups. Univariate logistic analysis
further confirmed the statistical significance of GGT, ALP,
TBIL, and DBIL levels. Multivariate logistic regression
identified GGT and DBIL as a predictive factors for early-
onset ICP.

Elevated ALP and GGT are prominent serum
biochemical indicators of cholestasis, with GGT showing
earlier and more sustained elevation compared to other
liver enzymes, making it highly sensitive in detecting liver
dysfunction [17]. GGT is predominantly found in the cyto-
plasm of liver cells and bile duct epithelial cells, playing a
crucial role in liver protein metabolism. It correlates
well with various liver and gallbladder disorders, reflect-
ing the extent of liver cell damage. In conditions where
liver function is impaired, especially in cases involving
bile stasis or biliary obstruction, the accumulation of
bile acids in liver cells leads to hepatotoxicity. This results
in the release of GGT, ALT, AST, ALP, and bilirubin
into the bloodstream, thereby increasing their serum

concentrations [18]. Lower levels of GGT were observed in
early-onset ICP compared to late-onset cases, in this study.
Each unit increase in GGT levels was associated with a 16 %
reduction in the risk of early-onset ICP, indicating a pro-
tective role. Similarly, each unit increase in DBIL levels was
associated with a 46 % reduction in risk, further high-
lighting the protective effects of these biomarkers. This
finding suggests a potential link to elevated estrogen levels
in late pregnancy, which may exacerbate liver strain and
worsen liver cell damage from bile acids.

Conclusions

Pregnant women with early-onset ICP experience increased
risks of preterm birth and poorer perinatal outcomes.
Elevated GGT and DBIL levels serve as a predictive marker
for early-onset ICP, with each incremental unit decreasing
the associated risk. Early identification of factors influencing
ICP is vital for timely diagnosis and treatment, improving
pregnancy management and mitigating adverse maternal-
infant outcomes. However, due to the retrospective design
and relatively small sample size of this study, further
research with larger cohorts is necessary to gain compre-
hensive insights.
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