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The aim of the present work was to determine maternal and fetal outcomes of intrahepatic cholestasis of
pregnancy (ICP) in twin pregnancies. All twin pregnancies delivered above 28 gestational weeks in West
China Second University Hospital from January 2013 to May 2015 were included. Data on maternal de-
mographics and obstetric complications together with fetal outcomes were collected. The risk of adverse
maternal and fetal outcomes were determined in relation to ICP by crude odds ratios (OR) and adjusted
ORs (aOR) with 95% confidence intervals (CI). Subgroup analysis concentrated on the effect of assisted re-
productive technology (ART), ICP severity, and onset time. A total of 1,472 twin pregnancies were included,
of which 362 were cholestasis patients and 677 were conceived by ART. Higher rates of preeclampsia (aOR
1.96; 95% CI 1.35, 2.85), meconium-stained amniotic fluid (aOR 3.10; 95% CI 2.10, 4.61), and preterm de-
liveries (aOR 3.20; 95% CI 2.35, 4.37) were observed in ICP patients. Subgroup analysis revealed higher
incidences of adverse outcomes in severe and early onset ICP groups. In conclusion, adverse maternal and
fetal outcomes were strongly associated with ICP in twin patients. Active management and close antenatal
monitoring are needed, especially in the early onset and severe groups.
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Intrahepatic cholestasis of pregnancy (ICP) is a unique,
pregnancy-related hepatic disorder characterized by pru-
ritus with disturbed liver function tests and typically
elevated serum levels of total bile acids (TBA; Williamson
& Geenes, 2014). The incidence of ICP varies around the
globe, geographically between 0.1% and 15.6% (Ozkan
et al., 2015; Williamson & Geenes, 2014), and in China,
the incidence is about 1.0–4.0% along the Yangtze River
(Li et al., 2013). ICP is associated with increased risk for
many fetal complications, such as sudden intrauterine fetal
demise and stillbirth (Brouwers et al., 2015; Puljic et al.,
2015; Williamson & Geenes, 2014). The etiology of ICP
is not fully understood; however, the contributing factors
appear to be multifactorial, including ethnicity, diet, ad-
vanced maternal age, family history of biliary disease, ICP
in previous pregnancy, and twin gestation (Diken et al.,
2014; Williamson & Geenes, 2014).

In comparison with singleton pregnancies, maternal
complications, and perinatal sequelae are more frequent in
multiple gestations. Multiple pregnancies tend to increase
the risk of maternal mortality, morbidity, and pregnancy-

associated complications, such as gestational diabetes mel-
litus (GDM), gestational hypertensive disorders, and post-
partum hemorrhage (Obiechina et al., 2011; Rao et al., 2004;
Vogel et al., 2013). Multiple gestations have also been iden-
tified as linked to the development of ICP (Lausman et al.,
2006; 2008), but there are only a few studies focused on
ICP with multiple gestations. One large retrospective co-
hort study demonstrated increased risks of adverse perina-
tal outcomes in ICP twin pregnancies (Liu et al., 2015). This
study was carried out in a more economically dynamic area
in China, and more attention was paid to the fetal outcomes.
Sichuan is a populous province in the south-west part of
China with a high incidence of ICP. Our study of multiple
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pregnancies of ICP in Sichuan is a reflection of this disease
in China, and also serves to fill in the gap of ICP research in
low-income regions.

Due to the development and increase in usage of assisted
reproductive technology (ART), the incidence of multiple
births has risen steadily over the past three decades (Inter-
national Committee for Monitoring Assisted Reproductive
Technology, 2013; Scholten et al., 2015). Recent research
found that ART multiple gestation infants were as high as
14.7–29.0% in different countries (Scholten et al., 2015).
The proportion of births from ART in mainland China was
about 1% in 2011 (Yang et al., 2014). Despite the mater-
nal and fetal problems rooted in multiple pregnancies, ART
seems to be a single risk factor for substantial excess perina-
tal morbidities and many other maternal and neonatal ad-
verse events. Complications of multiple pregnancies may be
affected or compounded by the presence of ICP; the role of
ART in these patients also needs to be explored. Given this
background, we sought to ascertain the interaction effect of
ICP and ART in twin pregnancies. We aim to investigate
the association of ICP with maternal and neonatal compli-
cations in ART pregnancies as well as in spontaneous preg-
nancies (SP). Also, the influence of ART in ICP patients was
analyzed.

Materials and Methods
This retrospective cohort study was undertaken at West
China Second University Hospital of Sichuan University in
Chengdu, China, following approval from the Ethics Com-
mittee. All twin pregnancies delivered above 28 gestational
weeks in our hospital from January 2013 to May 2015 were
included. International Classification of Diseases, 10th ver-
sion (ICD-10) codes were used to identify twin pregnancies
complicated by ICP. All the clinical data were obtained from
the electronic medical records system.

All cases of ICP were confirmed by demonstration of
serum TBA above 10 mmol/L, raised liver transaminase
enzymes in association with pruritus, and no additional
identifiable cause for their liver dysfunction (Royal College
of Obstetricians and Gynaecologists, 2011; Williamson &
Geenes, 2014). Severe ICP was defined according to TBA
levels as >40 mmol/L (Geenes et al., 2014; Glantz et al.,
2004; Raz et al., 2015; Royal College of Obstetricians and
Gynaecologists, 2011; Williamson & Geenes, 2014). Pa-
tients were excluded if their pruritus could be attributed to
causes other than ICP, or if they had gallstones, cholecysti-
tis, or liver cirrhosis. All patients were screened by lab tests
for the infection of hepatitis virus, Epstein Barr virus, and
cytomegalovirus. Methods of in vitro fertilization, intracy-
toplasmic sperm injection, and homologous or heterolo-
gous intrauterine insemination conceived twin pregnancies
were all included in the ART group.

Data on maternal demographics, obstetric, and medical
history were collected for all women, and data on serum

biochemistry, management, and monitoring were collected
for the ICP cases. Gestational age was calculated with refer-
ence to the first trimester ultrasound scan. First trimester
ultrasound examination was also used to determine the
chorionicity. Maternal complications such as preeclamp-
sia, GDM, and premature rupture of membrane (PROM),
placenta previa, placental abruption, postpartum hemor-
rhage, cesarean delivery rate, and meconium stained am-
niotic fluid (MSAF) were recorded. The perinatal out-
comes studied were intrauterine fetal demise, preterm birth,
birth weight, Apgar scores, neonatal intensive care unit
(NICU) admission rate, and complications of respiratory
tract of the newborns. Preeclampsia was defined accord-
ing to the American College of Obstetricians and Gyne-
cologists (ACOG) Practice Bulletin 2002 (ACOG, 2002).
GDM was diagnosed by the 75 g oral glucose tolerance test
(OGTT) recommended by the American Diabetes Associa-
tion (2013). Postpartum hemorrhage was defined according
to the ACOG practice bulletin 2006 (ACOG, 2006). Fetal
growth restriction was defined <10th centile in either baby.
A low Apgar score was defined as a score of <7 at 5 min.

Data were anonymized and double entered into a cus-
tomized database. Statistical analysis was performed using
SPSS version 19.0 (IBM, Amonki, NY, USA). We compared
ICP with non-ICP twin pregnancies. Pregnancies conceived
by ART and SP were analyzed separately in subgroup anal-
ysis. Comparisons of maternal and fetal outcomes on the
difference of severity and onset time of ICP as well as con-
ceiving methods were performed in ICP pregnancies. The
effect of ART on maternal and fetal outcomes was also an-
alyzed. A two-tailed t test and a χ2 test were used to com-
pare the clinical characteristics between groups. Indepen-
dent risk factors were analyzed and identified by univari-
ate and multivariate logistic regression analyses, in which
possible confounding factors (maternal age, gravidity, par-
ity, pregestation, body mass index [BMI], chorionicity, and
conceiving method) were taken into account. Multiple lin-
ear regression was also used in some perinatal outcomes.
When analyzing ART effect, we also took socio-economic
factors into the multivariate analysis. The unit of analysis
was each pregnancy for both the maternal outcomes and
the fetal outcomes. As for birth weight, average weight was
calculated of the two live newborns; in the case of one de-
ceased fetus, only the weight of the live one was used. p <

.05 was considered statistically significant.

Results
There were a total of 1,543 patients with twin pregnancies
delivered in this study: 71 twin gestations were excluded
due to gestational age <28 weeks at delivery, unconfirmed
chorionicity, and loss of data, and 1,472 twin gestations
were included in the analysis. ICP was diagnosed in 362
patients and 677 patients conceived using ART (Figure 1).
Maternal characteristics were compared between ICP and
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TABLE 1
Baseline Maternal Characteristics

Characteristic Patients with ICP (n = 362) Patients without ICP (n = 1,110) p value

Age (y), mean (SD) 30.80 ± 4.73 30.23 ± 4.8 .052
Pregestation BMI (kg/m2), mean (SD) 21.31 ± 2.85 21.27 ± 2.83 .880
Gravidity, n (%) .291
1 146(40.3%) 439(39.5%)
2 95(26.2%) 285(25.7%)
≥3 121(33.4%) 386(34.8%)
Parity, n (%) .073
1 299(82.6%) 874(78.7%)
2 58(16.0%) 204(18.4%)
≥3 5(1.4%) 32(2.9%)
Dichorionic, n(%) 295(81.5%) 798(71.9%) .001a

Twins conceived by ART, n(%) 191(52.8%) 486(43.8%) .003a

Insurance, n(%) 230(63.5%) 690(62.2%) .639
Education, n(%)
College and above 209(57.7%) 657(59.2%) .625
Area of residence, n(%)
Metropolitan 191(52.8%) 602(54.2%) .812
Remote 131(36.2%) 397(35.8%)
Rural 40(11.0%) 111(10.0%)

Note: BMI = body mass index; ART = assisted reproductive techniques; ICP = intrahepatic cholestasis of pregnancy; SD = standard deviation.
aDenotes significant values if p < .05.

FIGURE 1
Flow diagram showing the cases ascertainment and groups of included patients.

non-ICP twin sets. Women with ICP were more likely to
be conceived by ART (52.8% vs. 43.8%; p = .003), and
have dichorionic pregnancies (81.5% vs. 71.9%; p = .001).
Maternal age, gravidity, parity, pregestation BMI, and
socio-economic factors such as insurance, education, and
area of residence did not differ significantly between the
two groups (Table 1).

Except for lactate dehydrogenase measured at the time
of diagnosis, there were no significant differences of liver
enzymes and serum TBA between ART and SP of ICP.
Serum TBA, alanine transaminase, and aspartate transami-
nase were not different at the time of diagnosis or at the time
of delivery. The gestational weeks for the diagnosis of ICP
(32.2 ± 3.6 vs. 32.4 ± 3.7 weeks in ART and SP, respectively;
p = .75) or peak levels of serum TBA (35.9 ± 34.9 vs. 35.3
± 33.1 μmol/l, respectively in ART and SP; p = .87) were

not different, either. Ursodeoxycholic acid was given to all
the ICP patients, and women with abnormal liver functions
were also treated with S-adenosyl-L-methionine.

Regarding maternal complications, there were signifi-
cantly higher rates of preeclampsia in the ICP population in
our unadjusted analysis; the difference remained significant
following adjustment for potential confounding factors
(14.1% vs. 7.9%; aOR 1.96; 95% CI 1.35, 2.85). There was
also an increased risk of MSAF (14.4% vs. 5.6%; aOR 3.10;
95% CI 2.10, 4.61). The incidence of PROM was lower in
ICP patients (19.3% vs. 25.1%; aOR 0.71; 95% CI 0.53, 0.96).
Regarding perinatal outcomes, preterm deliveries (83.4%
vs. 64.8%; aOR 3.20; 95% CI 2.35, 4.37) were more likely in
ICP twins. The risk of cesarean delivery was higher in ICP
pregnancies in our unadjusted analysis; however, after con-
trolling for the confounding factors, the difference has no
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TABLE 2
Maternal and Fetal Outcomes in ICP and Non-ICP Pregnancies

Outcomes ICP (n = 362) Non-ICP (n = 1110) Unadjusted RR [95% CI] Adjusted ORa [(95% CI]

Maternal outcomes, n (%)
Preeclampsia 51 (14.1%) 88 (7.9%) 1.90 [1.31, 2.75]b 1.96 [1.35, 2.85]b

PROM 70 (19.3%) 279 (25.1%) 0.71 [0.53, 0.96]b 0.71 [0.53, 0.96]b

Gestational diabetes 104 (28.7%) 279 (25.1%) 1.20 [0.92, 1.57] 1.13 [0.86, 1.49]
Placental abruption 3 (0.8%) 25 (2.3%) 0.36 [0.11, 1.21] 0.34 [0.10, 1.15]
Placental previa 29 (8.0%) 83 (7.5%) 1.08 [0.69, 1.67] 1.03 [0.66, 1.61]
Postpartum hemorrhage 36 (9.94%) 91 (8.19%) 1.24 [0.82, 1.86] 1.18 [0.78, 1.78]
Cesarean delivery 320 (88.4%) 926 (83.4%) 1.51 [1.06, 2.17]b 1.40 [0.96, 2.02]
MSAF 52 (14.4%) 62 (5.6%) 2.84 [1.92, 4.19]b 3.10 [2.10, 4.61]b

Fetal outcomes, n [%)
Delivery <37 weeks 302 (83.4%) 719 (64.8%) 2.74 [2.02, 3.71]b 3.20 [2.35, 4.37]b

Intrauterine fetal demise 11 (3.0%) 58 (5.2%) 0.57 [0.30, 1.10] 0.64 [0.33, 1.25]
FGR 37 (10.2%) 96 (8.6%) 1.20 [0.81, 1.79] 1.31 [0.87, 1.96]
5 min Apgar <7 4 (1.1%) 21 (1.9%) 0.58 [0.20, 1.70] 0.61 [0.21, 1.80]
Respiratory complications 69 (19.1%) 242 (21.8%) 0.85 [0.63, 1.14] 0.92 [0.68, 1.24]
NICU admission 131 (36.2%) 397 (35.8%) 1.02 [0.80, 1.30] 1.12 [0.87, 1.44]

Note: ICP = intrahepatic cholestasis of pregnancy; PROM = premature rupture of membranes; MSAF = meconium-stained amniotic fluid; FGR = Fetal growth
restriction; BMI = body mass index; CI = confidence interval; OR = odds ratio; RR = risk ratio.
aControlled for maternal age, gravidity, parity, pregestation BMI, chorionicity, conceiving method.
bDenotes significance with a CI that does not cross 1.

statistical significance (88.4% vs. 83.4%; aOR 1.40; 95% CI
0.96, 2.02). No significant differences were found between
groups in other maternal outcomes of rate of gestational
diabetes, placental abruption, placental previa, or post-
partum hemorrhage. Also, there were no significant
differences between ICP and non-ICP twins in intrauterine
fetal demise, fetal growth restriction, Apgar score at 5 min,
NICU admission, or respiratory complications of neonates.
To further preclude the influence of other gestational
complications, we also performed multivariate analysis,
taking preeclampsia as one of the controlling factors. The
rate of delivery was still significantly different between ICP
and non-ICP twin sets, as was the rate of MSAF and PROM
(Table 2).

To better illustrate the differences in ART and SP twin
sets, we further performed subgroup analysis. The rates of
preeclampsia, MSAF, and preterm labor remained higher in
ICP patients conceived by ART; the same differences were
found in SP patients, with a slightly larger OR of preeclamp-
sia and preterm delivery. These differences remained after
adjustment for confounding factors. ICP and non-ICP pop-
ulation differed in mean newborn birthweight in subgroup
analysis of ART twin pregnancies (2243.49 vs. 2327.13 in
ICP and non-ICP, respectively; p = .037). Multivariate lin-
ear regression analysis demonstrated ICP was correlated
with a lower birthweight after adjustment of the confound-
ing factors (aOR -93.66; 95% CI -171.92, -15.40). This is
probably due to the early gestational weeks at delivery in
ICP twin pregnancies (Figure 2a and b).

Different maternal and fetal outcomes of ART preg-
nancies and SP are shown in Table 3. Gestational diabetes,
placental previa, and postpartum hemorrhage were more
common in ART pregnancies, while the incidence of fetal
respiratory complications and NICU admission were lower.
ART pregnancies also had lower rates of preterm deliveries

at 34 weeks (Table 3). An analysis limited to pregnancies
complicated by ICP did not show a difference in the risk of
preeclampsia or MSAF based on conceiving methods. Inci-
dence of gestational diabetes was not significantly different
in ART versus SP pregnancies after adjustment for con-
founding factors (33.5% vs. 23.4%; aOR 1.17; 95% CI 0.66,
2.06). ART-conceived ICP twin pregnancies have a lower
risk of delivery before 37 weeks (79.6% vs. 87.7%; aOR 0.48;
95% CI 0.24, 0.94), NICU admission of newborns (31.4%
vs. 41.5%; aOR 0.61; 95% CI 0.38, 0.99), and neonatal res-
piratory complications (15.2% vs. 23.4%; aOR 0.53; 95% CI
0.29, 0.95); the significant difference remained even when
adjusting for the gestational weeks at delivery (Figure 2c).

Significant relationships were found between the onset
time of ICP and PROM, placenta previa, preterm delivery,
NICU admission, and neonatal respiratory complications.
We also performed analysis concerning the influence of ICP
severity. Compared with the mild and moderate ICP cases,
higher risks of MSAF (20.6% vs. 12.1%; aOR 1.92; 95% CI
1.03, 3.58) and preterm delivery (91.8% vs. 80.4%; aOR 2.80;
95% CI 1.26, 6.23) were observed in the severe group. Linear
logistic regression indicates that the neonatal birthweight
was influenced by the onset time and severity of ICP, which
is lower in both the early onset ICP cases (aOR -211.83; 95%
CI -294.39, -129.28) and the severe ICP cases (aOR -97.51;
95% CI -191.78, -3.23) (Table 4).

Discussion
This study demonstrates the association of ICP and ART
in twin pregnancies. Significant correlations between ICP
and adverse maternal or neonatal outcomes were found.
The present results are in accordance with several pub-
lished studies that reported a higher risk of preeclampsia,
preterm delivery, and MSAF (Brouwers et al., 2015; Geenes
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TABLE 3
Maternal and Fetal Outcomes in ART and SP Pregnancies

Outcomes ART (n = 677) SP (n = 795) Unadjusted RR [95% CI] Adjusted ORa [95% CI]

Maternal outcomes, n (%)
Gestational diabetes 212 (31.3%) 171 (21.5%) 1.66 [1.32, 2.10]b 1.50 [1.14, 1.96]b

Placental previa 65 (9.6%) 47 (5.9%) 1.69 [1.14, 2.50]b 1.80 [1.15, 2.83]b

Postpartum hemorrhage 78 (11.5%) 49 (6.2%) 1.98 [1.37, 2.88]b 1.99 [1.30, 3.00]b

Fetal outcomes, n (%)
Delivery <34 weeks 110 (16.2%) 200 (25.2%) 0.58 [0.45, 0.75]b 0.72 [0.54, 0.97]b

Delivery <37 weeks 428 (63.2%) 593 (74.6%) 0.59 [0.47, 0.73]b 0.78 [0.61, 1.02]
Respiratory complications 114 (16.8%) 197 (24.8%) 0.62 [0.48, 0.80]b 0.73 [0.55, 0.98]b

NICU admission 200 (29.5%) 328 (41.3%) 0.60 [0.48, 0.74]b 0.74 [0.58, 0.94] b

Note: ART = assisted reproductive techniques; SP = spontaneous pregnancies; BMI = body mass index; CI = confidence interval; OR = odds ratio; RR = risk
ratio; OR = odds ratio.
aControlled for maternal age, gravidity, parity, pregestation BMI, chorionicity, insurance, education, and residence.
bDenotes significance with a CI that does not cross 1.

FIGURE 2
Maternal and fetal outcomes in pregnancies conceived by ART and spontaneous pregnancies (a and b); fetal outcomes in ICP pregnancies
(c). (a) Different incidences of preeclampsia (PE), meconium-stained amniotic fluid (MSAF), and preterm delivery in ICP and non-ICP
pregnancies conceived by ART; all these differences were statistically significant. (b) Different incidences of preeclampsia (PE), meconium
stained amniotic fluid (MSAF), and preterm delivery in ICP and non-ICP spontaneous pregnancies; all these differences were statistically
significant. (c) Different incidences of preterm labor, NICU admission, and respiratory complications in ART-conceived pregnancies and
spontaneous pregnancies in ICP patients; all these differences were statistically significant.
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TABLE 4
Maternal and Fetal Outcomes in Early and Late Onset ICP Patients

Outcomes Early onset (n = 155) Late onset (n = 207) Unadjusted RR [95% CI] Adjusteda OR [95% CI]

Maternal outcomes, n (%)
PROM 43 (27.7%) 27 (13.0%) 2.56 [1.50, 4.37]b 2.85 [1.64, 4.98]b

Placental previa 18 (11.6%) 11 (5.3%) 2.34 [1.07, 5.11]b 2.44 [1.10, 5.42]b

Fetal outcomes, n (%)
Delivery <37 weeks 142 (91.6%) 160 (77.3%) 3.21 [1.67, 6.17]b 3.56 [1.81, 6.98]b

Respiratory complications 40 (25.8%) 29 (14.0%) 2.14 [1.25, 3.64]b 2.25 [1.30, 3.89]b

NICU admission 74 (47.7%) 57 (27.5%) 2.40 [1.55, 3.73]b 2.54 [1.62, 4.00]b

Note: ART = assisted reproductive techniques; BMI = body mass index; CI = confidence interval; OR = odds ratio; RR = risk ratio; OR = odds ratio.
aControlled for maternal age, gravidity, parity, pregestation BMI, chorionicity and conceiving method.
bDenotes significance with a confidence interval that does not cross 1.

et al., 2014; Raz et al., 2015). Although the outcome of twin
pregnancies resulting from ART has been the subject of
controversy in the literature, our study demonstrated the
impact of conceiving method on twin pregnancies. The
findings indicate that patients with early-onset ICP or se-
vere ICP had higher possibilities of preterm delivery, MSAF,
and lower birth weight, and reveal the requirement of closer
monitoring in these patients.

Epidemiologic surveys show significant regional differ-
ences of ICP prevalence. It varies from 0.1–1.5% in Eu-
rope to 9.2–15.6% in South American countries, such as
Bolivia or Chile. It is particularly high in native Arauca-
nians in Chile (28%) (Milkiewicz et al., 2002; Wang et al.,
2007; Williamson & Geenes, 2014). A retrospective study
analyzed ICP patients in our hospital from 1991 to 2000
and found the rate of ICP was as high as 5.2% in single-
ton pregnancies (Wang et al., 2007). Apart from regional
factors, multiple gestations were considered to be another
risk factor for ICP because of higher levels of estrogen and
progesterone (Gonzalez et al., 1989; Lausman et al., 2006;
2008; Ozkan et al., 2015; Reyes & Sjovall, 2000).One study
reported the incidence of ICP was 20.9% in twin pregnan-
cies (Gonzalez et al., 1989). The incidence of ICP in our pa-
tients was as high as 24.6%. As an important medical center
in the south-west part of China, the public acceptance and
approval also contributes to this high rate of ICP.

The exaggeration of atherogenic-like response, includ-
ing insulin resistance and dyslipidemia, is one of the ba-
sic adaptive changes in pregnant women, and may mani-
fest itself as preeclampsia or GDM (Kaaja & Greer, 2005).
Some common pathogenetic pathways seem to be shared by
preeclampsia and GDM (Kaaja & Greer, 2005; Martineau
et al., 2014; 2015), especially in women with higher BMI
whose metabolic pathways are disturbed, which can cause
adverse maternal or fetal outcomes (Cnattingius et al., 1998;
Stothard et al., 2009). In our multivariate analysis, preges-
tation BMI is the common contributor to both preeclamp-
sia (aOR 1.10) and GDM (aOR 1.12). The similar find-
ing of obesity as a risk factor for preeclampsia or GDM
was inconsistent with other studies (Al-Obaidly et al., 2014;
Scifres et al., 2015; Somprasit et al., 2015). A retrospec-
tive study in Canada included 504 twin pregnancies. When

participants were divided into four groups according to
pregestation BMI, researchers found an increased risk of PE
and GDM in the obese patients group (Al-Obaidly et al.,
2014).

Except for pregestation BMI, the elevated TBA levels
may act synergistically to cause preeclampsia or impaired
glucose tolerance (Martineau et al., 2014; 2015; Ozkan
et al., 2015; Williamson & Geenes, 2014). On the one hand,
elevated serum bile acids may cause malfunction of en-
dothelial cells and renal disturbances (Perez & Briz, 2009;
Smolarczyk et al., 2000). It can also trigger increased oxida-
tive stress reaction, and leads to the up-regulation of sol-
uble tyrosine kinasee1, which is considered to be a major
contributor to the pathogenesis of preeclampsia (Anderson
et al., 2012; De Vivo et al., 2008; Hu et al., 2015; Li et al.,
2005; Maynard et al., 2003). The increased incidence of
preeclampsia in ICP patients was proven in singleton preg-
nancies (Geenes et al., 2014; Goulis et al., 2004; Lee et al.,
2006; Marschall et al., 2012; Wikstrom et al., 2013), but
studies reported in the literature are not consistent on the
incidence of preeclampsia in ICP twin pregnancies. Laus-
man et al. (2008) found no difference in the incidence of
preeclampsia in ICP pregnancies in 263 multiple pregnan-
cies in Canada (Lausman et al., 2008). Another study of 124
twin pregnancies revealed that the incidence of preeclamp-
sia were almost five-fold in ICP patients compared to the
controls (Raz et al., 2015). Moreover, Raz et al. (2015) found
preeclampsia was concomitant with ICP severity at initial
diagnosis, and occurred most often 2–4 weeks after the di-
agnosis of ICP. In our study of 1,543 twin pregnancies, the
correlation of diagnosis time of ICP and preeclampsia was
not found, but incidence of preeclampsia was significantly
higher (almost two-fold) in ICP twin sets.

On the other hand, bile acids were reported to ac-
tivate the farnesoid X (FXR) receptor and promote in-
sulin release (Ma et al., 2006). Disruption in homeostatic
pathways for glucose balance was observed in ICP pregnan-
cies (Martineau et al., 2014; 2015). Studies targeting single-
tons indicated an elevated risk of GDM in ICP pregnancies
with an OR of 1.6–2.8 (Diken et al., 2014; Martineau et al.,
2015). However, the incidence of GDM was not different
in women predisposed to ICP in our study. Multivariate
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analysis revealed the major contributors to GDM were
pregestation BMI as well as the patient’s age. This may in-
dicate the possibility of the inability in glucose homeostasis
regulation with advancing age, which may contribute more
to the pathogenesis of GDM, in addition to the known ef-
fects upon bile acid metabolism. Interventions to control
weight gain should be used to improve outcomes in these
high-risk women.

Except for maternal complications, the accumulating
data indicated higher risk of fetal complications relating to
elevated circulating bile acids (Geenes et al., 2014; Lausman
et al., 2008; Puljic et al., 2015; Shemer et al., 2013; Wikstrom
et al., 2013). In our study, of the 362 ICP twin pregnan-
cies after 28 weeks of gestation were included, we found
that ICP was correlated with higher risks of preterm la-
bor and MSAF, while early onset ICP had higher incidence
of PROM. Other studies with smaller numbers of partici-
pants with twin pregnancies had different findings (Gonza-
lez et al., 1989; Lausman et al., 2008). In ICP pregnancies,
the transplacental gradient for excretion of bile acids from
the fetus to mother is reversed, leading to the accumulation
of the toxic compounds in the fetal serum as well as amni-
otic fluid (Brites, 2002; Reyes & Sjovall, 2000; Williamson
& Geenes, 2014). A dose-dependent bile acid effect on my-
ometrial contractility was demonstrated in rodents (Cam-
pos et al., 1988). Bile acids can cause increased expression
and response of the oxytocin receptor in human myome-
trial cells (Germain et al., 2003; Israel et al., 1986). Preterm
labor may be explained by increased uterine contractility
in the third trimester of ICP patients (Zhao et al., 2014).
Alterations of hepatic metabolites in amniotic fluid in ICP
pregnancies were observed (Menon et al., 2014). Bile salts
could react with surface-active phospholipid and reduce the
hydrophobicity and lubricity of amniotic and chorionic ep-
ithelium (Hills, 1994). We found women with early-onset
ICP had a higher risk of PROM compared with the late-
onset group in the subanalysis focusing on ICP pregnancies.
However, when compared with the non-ICP pregnancies,
the incidence of PROM was not higher, but this correlation
was not found when we took in gestational weeks at delivery
in multivariate analysis. Over-activated gut motility stim-
ulated by bile acids was found in animal studies (Campos
et al., 1986), which may explain MSAF.

Although our study did not find the hypodevelopment of
fetal lungs, other studies revealed the altered composition
and structure of fetal pulmonary surfactant in ICP preg-
nancies, and the changes of fetal pulmonary surfactant were
correlated with the bile acids in amniotic fluid as well as in
fetal cord blood (Yu et al., 2011; Zhang et al., 2015). Intra-
tracheal injection of bile acids in rabbits can cause atelec-
tasis, eosinophilic infiltration, and the formation of hyaline
membrane in lung (Kaneko et al., 1990). Hypodevelopment
of fetal lungs is the most common reason for NICU admis-
sion in ICP pregnancies, however, the most disastrous and
unacceptable consequence of ICP pregnancies is stillbirth.

The rate of stillbirth in women with ICP is reported to be
1.5–7.0% (Geenes et al., 2014; Jin et al., 2015; Kawakita et al.,
2015; Rioseco et al., 1994); especially in patients with a TBA
level above 100 mmol/L, the rate of stillbirth was as high as
10–15% (Brouwers et al., 2015; Kawakita et al., 2015). In
our study, the stillbirth rate was 3.0% in ICP twin pregnan-
cies. Postmortem studies of stillborn neonates provided ev-
idence of acute anoxia (Reid et al., 1976), which may be ex-
plained by sudden arrhythmias in neonates or marked vaso-
constriction of placental chorionic vessels caused by bile
acids (Al Inizi et al., 2006; Miragoli et al., 2011; Sepulveda
et al., 1991). Different myocardial tissue velocities of both
mitral and tricuspid valves in ICP fetuses were also found
using tissue Doppler imaging (Ataalla et al., 2016).

Like Raz et al. (2015), we took 32 gestational weeks as
the cut-off time point to determine the onset time of ICP.
In our linear regression analysis, we did not find the corre-
lation of ICP and birth weight, which is similar in previous
reported results in singletons. However, after performing a
subanalysis in ICP pregnancies, concentrating on severity
and onset time, the differences were revealed. Patients from
the severe ICP group had higher frequencies of preterm
deliveries and MSAF than the mild group. The same re-
sults were found in the early-onset group compared with
late-onset group. These findings indicate that the increased
TBA correlates with poorer fetal outcomes, and the corre-
lation is reinforced by time. In the present study, we also
revealed a higher incidence of newborns in the early-onset
group experienced respiratory problems and NICU admis-
sion. These findings indicate the possibility that it is the
time of the disease, rather than the level of circulating TBA,
that might be more disastrous to the fetal lungs.

The different incidences of ICP in ART pregnancies
were rarely reported. In Finland, researchers included 225
IVF pregnancies (including multiple pregnancies) and 671
control pregnancies. The risk ratio of ICP for IVF sin-
gletons pregnancies was 3.8 (95% CI 1.0, 15.0; Koivurova
et al., 2002). The authors attributed this phenomenon to
metabolic disturbances regarding infertility itself. Zamah
et al. (2008) reported two patients with first-trimester
cholestasis of pregnancy after IVF. The elevated serum bile
acids level was associated with markedly elevated maternal
serum estrogen levels caused by ovarian hyperstimulation
syndrome (Zamah et al., 2008). The abnormal liver func-
tion and higher incidence of ICP in ART pregnancies were
also found in Kopylov’s (2013) study. They concluded that a
potential pathogenetic mechanism for this correlation was
rooted in the hormonal hyperstimulation syndrome occur-
ring with ART treatments (Kopylov et al., 2013). In our
study, the rate of ICP was higher in ART pregnancies. But in
the separate analysis of ART and SP pregnancies, we did not
find much difference in the influence of ICP between these
two groups of patients. There were no huge differences of
the aOR for preeclampsia, MSAF, and preterm delivery be-
tween ART and SP pregnancies.
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Several studies comparing the neonatal and maternal
outcome of ART and SP twin pregnancies have reported
conflicting results (Bamberg et al., 2012; Fan et al., 2013;
Moini et al., 2012; Qin et al., 2015; Stern et al., 2015;
Szymusik et al., 2012). Some studies reported that com-
plications, such as GDM and preterm delivery were
significantly more common in ART twins (Bamberg et al.,
2012; Moini et al., 2012; Qin et al., 2015; Stern et al., 2015).
Similar to these studies, our research revealed higher risks
for GDM, placental previa, and postpartum hemorrhage
for ART pregnancies. But, as for fetal outcomes, the inci-
dence of preterm deliveries, fetal respiratory complications,
and NICU admission were lower in ART pregnancies, even
when taking socio-economic factors into consideration.
The same results were found in subgroup analysis of ICP
pregnancies. Although many studies indicated a higher
preterm delivery rate in ART pregnancies, there were still
some studies with dissenting results. A Polish study found
similar rates of preterm deliveries of ART and SP preg-
nancies (Szymusik et al., 2012). Fan et al. (2013) included
162 ART dichorionic twin pregnancies together with 213
SP in Hubei province, China, and revealed a slightly lower
incidence of preterm deliveries in the ART group. Our
finding of lower rates in some adverse fetal outcomes might
be explained by the larger gestational weeks at delivery
in ART patients, which could lead to better development
of fetal lungs (Gerber, 2015; Huddle et al., 2016). The
difference in the rate of monochorionic twin pregnancies
also contributes to the different outcomes. Many studies
have shown that dichorionic twin pregnancies have a better
prognosis and lower rates of preterm deliveries than mono-
chorionic twin pregnancies (Burgess et al., 2014; Carter
et al., 2015; D’Arpe et al., 2016; Masheer et al., 2015). For
ART pregnancies, the rate of monochorionic pregnancy
was only 6.35%, while the rate of monochorionic pregnancy
in spontaneous twin pregnancies was 42.26% in our study.
Better compliance with doctors’ suggestions and more
attention and care from family members might also lead to
better outcomes for ART pregnant women. The long-term
outcomes of ART twins are still largely unknown. Prospec-
tive studies are needed to explore the influence of ART.

This study addresses a significant gap in the literature on
the outcomes of ICP twin pregnancies in Southwest China,
where the incidence of ICP is higher compared with other
places. The few existing studies on ICP twin pregnancies
have been confined to high-income countries. To the best
of our knowledge, the number of ICP twin pregnancies
included in our study is the largest. Patients deriving from
a single medical center ascertained the same diagnostic
criteria, treatment, and prenatal monitoring. This study
has limitations that should be noted. Medical records
rather than direct patient interview were used to obtain
the data. This resulted in lack of data on several maternal
variables, such as educational level, family income, and
smoking status. As a retrospective study in a large tertiary

hospital, our results cannot be generalized to patients
in community settings or to those delivering at home,
who are the most common cases in low-income places
in China.

In conclusion, our findings of a strong association of ICP
and adverse maternal and fetal outcomes in twin pregnan-
cies support the current practice of close antenatal moni-
toring of ICP twin pregnancies. More focus should also be
paid on severe ICP and early-onset ICP to improve the pre-
diction and treatment of these patients.
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