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Objective: This study aimed to investigate the ability of serum cholic acid (CA) and lithocholic acid (LCA) in the diagnosis and
perinatal prognosis assessment of intrahepatic cholestasis of pregnancy (ICP), and the relationship between both indicators and
hypoxia-inducible factor-1α (HIF-1α).
Methods: Between March 2020 and March 2021, pregnant women with high levels of total bile acid (TBA) in the late pregnancy with
TBA ≥10 μmol/L and TBA <10 μmol/L (control group) were included for the retrospective study. Those with TBA ≥10 μmol/L were
divided into the ICP group and the asymptomatic hypercholanaemia of pregnancy (AHP) group based on ICP symptoms. The
comparison of the bile acid profiles, the receiver operating characteristic (ROC) curve analysis, and Pearson correlation analysis were
conducted successively.
Results: Nine types of bile acids were significantly higher in ICP and AHP than in the control group, while CA and LCA serum levels
in the AHP group were significantly lower than those in the ICP group (P < 0.05). The ROC curve analysis showed that LCA, CA, and
LCA+CA were all diagnostic indicators for ICP, and LCA+CA displayed the greatest diagnostic value (area under the curve (AUC),
0.923). Subgroup analysis using the LCA+CA cut-off point (3.28 μmol/L) as the subgroup indicator proved that the incidence of
adverse perinatal outcomes and the placental HIF-1α positivity were significantly higher in the high LCA+CA group than in the low
LCA+CA group (P < 0.05). Pearson correlation analysis revealed significant positive correlations of HIF-1α expression levels to LCA,
CA and LCA+CA (r = 0.473, 0.537, 0.619, respectively. P < 0.05 in all).
Conclusion: This study confirmed that CA and LCA have a predictive diagnostic value for ICP in pregnant women, and the combined
evaluation is associated with adverse perinatal outcomes, and LCA+CA positively correlates to placental HIF-1α expression levels.
Keywords: cholic acid, lithocholic acid, intrahepatic cholestasis of pregnancy, hypoxia-inducible factor-1α

Introduction
Intrahepatic cholestasis of pregnancy (ICP) is a common disorder in middle to late pregnancy, characterized by clinical
manifestations, such as pruritus and jaundice.1,2 The incidence is correlated with population and geographic factors.3 Some
studies have confirmed that ICP is correlated with genetic factors,4 and the pathogenesis is not fully understood, which may be

International Journal of Women’s Health 2022:14 687–696 687
© 2022 Cheng et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of Women’s Health Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 21 December 2021
Accepted: 21 April 2022
Published: 9 May 2022

In
te

rn
at

io
na

l J
ou

rn
al

 o
f W

om
en

's
 H

ea
lth

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


correlated with abnormal bile acid metabolism due to elevated estrogen levels during pregnancy.5–7 Several national and
international studies have demonstrated that ICP has a relatively better prognosis.8 However, with elevated bile acids (BA),
ICP may result in severe adverse perinatal outcomes, such as preterm birth, fetal growth retardation, fetal distress, and even
intrauterine death.9,10 In recent years, injuries directly caused by BA accumulation have become a hot topic of research in this
field. For example, elevated BA levels may lead to preterm delivery by enhancing the biological effects of oxytocin11 and also
result in fetal growth restriction or even intrauterine death by inducing chorionic vasoconstriction, oxidative stress, promoting
apoptosis of the placenta and fetal hepatocytes, or impairing fetal cardiomyocytes function.12–14 Fetus monitoring in middle to
late pregnancy to avoid adverse outcomes is the primary purpose of ICP management. Therefore, it is essential to find highly
sensitive and specific monitoring indicators and clarify the pathogenesis of ICP. Studies have shown that high levels of total bile
acid (TBA), an important indicator for liver function, are a risk factor for poor prognosis in perinatal infants of women with
ICP.15,16 However, in clinical practice, a significant proportion of pregnant women with TBA ≥10 μmol/L still do not have
clinical manifestations of ICP, namely asymptomatic hypercholanaemia of pregnancy (AHP), and there are still no relevant
monitoring indicators for such groups of pregnant women. In addition, hypoxia-inducible factor-1α (HIF-1α), one of hypoxia-
inducible factors, was highly expressed in placentas from ICP patients,17 and might influence the increase of P53 in placentas,18

and could inhibit placental angiogenesis through suppressing the expression of vascular endothelial growth factor, resulting in
adverse pregnant outcomes.19 HIF-1α was also an essential indicator to evaluate the severity and prognosis of ICP.20

Herein, this study aimed to investigate the differences in different BA levels in women with AHP and ICP during
pregnancy and probe into the changes in HIF-1α expression in the placenta of pregnant women, and to assess the
significance of different BA levels on perinatal prognosis and correlation with HIF-1α. And 103 pregnant women with
TBA ≥10 μmol/L in the the late pregnancy and 70 healthy pregnant women of the same gestational age admitted to our
hospital between March 2020 and March 2021 were analyzed.

Materials and Methods
General Data
According to the previous study about the relationship between ICP and BA profiles,21 total sample size of 51 were obtained
from the 3 groups whose means were to be compared given the 20% dropout rate using the PASS 15 Software (NCSS, LLC.,
USA), and achieved 90% power to detect a difference of at least 7.60 using the Tukey-Kramer (Pairwise) multiple comparison
test at a 0.05 significance level. The common standard deviation within a group was assumed to be 0.80. A total of 103
pregnant women with TBA ≥10 μmol/L in middle and late pregnancy and 70 healthy pregnant women with TBA <10 μmol/L
of the same gestational age were selected for the present retrospective analysis fromMarch 2020 to March 2021. According to
the existence of ICP symptoms, pregnant women with TBA ≥10 μmol/L were divided into the ICP group, with 42 cases, and
the AHP group, with 61 cases, and 70 pregnant women of the same gestational age with normal physical examinations were
enrolled as the control group. The differences in age, gestational age, body mass, cases of primipara/pluripara, times of
pregnancies, and parity were not statistically significant among the three groups (P > 0.05), as shown in Table 1. The inclusion
criteria were as follows:① those with TBA <10 μmol/L in the late pregnancy were enrolled in the control group. Those with
TBA ≥10 μmol/L in the late pregnancy were enrolled in the ICP and AHP groups, and ICP was diagnosed based on the criteria
of the 9th edition of Chinese Obstetrics and Gynecology as fasting serum TBA ≥ 10 μmol/L with pruritus after 14 weeks of
pregnancy.2 ② Enrolled pregnant women with singleton intrauterine fetuses and in the head position. ③ Other diseases
causing TBA abnormalities were excluded, such as acute and chronic hepatitis, hepatitis B carriers, alcoholic hepatitis,
extrahepatic bile duct obstruction disease, liver cirrhosis and obstructive jaundice. ④ Those who had established prenatal
records and delivered at our hospital. The exclusion criteria were as follows: ① a history of gallbladder and liver system
disease; ② other causes of itchy skin, such as skin diseases, systemic diseases and mental illness; ③ other pregnancy
comorbidities and complications, such as gestational hypertension and anemia;④ cardiac and renal dysfunction;⑤ mental
illness, communication difficulties, or inability to cooperate with the study. The Ethics Committee of the hospital approved the
present study, and all subjects agreed to be enrolled and signed informed consent. The enrolled patients were monitored
dynamically for TBA, and the therapeutic dose of ursodeoxycholic acid (UDCA) was administered at a daily dose of 10 c/kg
orally when the fasting TBAwas ≥15 μmol/L, and the treatment continued until termination of pregnancy.
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Perinatal outcomes were monitored according to the assessment criteria of the 9th edition of Chinese Obstetrics and
Gynecology,2 including: preterm birth, fetal distress, amniotic fluid and fecal contamination, neonatal asphyxia, and perinatal
death. Premature delivery was those delivered beyond 28 weeks of gestation but less than 37 weeks. Intrauterine distress was
a combination of symptoms in which the fetus endangers for health and life in utero due to acute or chronic hypoxia which
were based on a comprehensive assessment of abnormal fetal heart rate at delivery, amniotic fluid and fetal contamination,
abnormal fetal movement, and acidosis of fetal scalp blood through blood gas analysis. Amniotic fluid and fecal contamination
referred to the fetus excreting meconium in utero and the simple cloudy amniotic fluid without abnormal fetal heart rate and
abnormal fetal movement. Neonatal asphyxia:①Apgar score ≤7 at 5minutes and still no effective respiration was established;
② umbilical artery blood pH <7.15;③ exclude other etiologies causing low Apgar score;④ have prenatal high-risk factors
that may lead to asphyxia; where①-③ were necessary conditions and④ was reference indicators.

Detection of the Serum Bile Acid Profile
Fasting blood specimens were collected from all study subjects using negative pressure ethylenediaminetetraacetic acid
(EDTA) anticoagulation tubes, and 4 mL of peripheral anticoagulated venous blood was collected. Blood specimens were
centrifuged at 2,000 r/min for 10 min, and the supernatant was taken and stored at –80°C. An ultra-performance liquid
chromatography-tandem mass spectrometer ACQUITY UPLC I-Class IVD/Xevo TQ-S IVD System (Waters) was used
to detect BA profiles, including bile acid (BA), deoxycholic acid (DCA), chenodeoxycholic acid (CDCA), UDCA,
lithodeoxycholic acid (LCA), glycocholic acid (GCA), glycodeoxycholic acid (GDCA), glycylchenodeoxycholic acid
(GCDCA), and glycinolithocholic acid (GLCA).

Detection of HIF-1α by Immunohistochemical Staining and Results Determination
Three pieces of 2.5 cm × 2.5 cm placental tissues were taken under aseptic conditions within 30 min after delivery of the study
subjects, avoiding the calcified areas as well as the necrotic areas as much as possible. The tissue was fixed with 10% neutral
formaldehyde, and paraffin-embedded sections were repaired. After dewaxing, hydration, and antibody repair, immunohis-
tochemical staining was conducted. With serum blocking, HIF-1α antibody (Boster Biological Technology, Ltd.) was added

Table 1 Comparison of the General Characteristics Among the Three Groups

Control Group
(n = 70)

AHP Group
(n = 61)

ICP Group
(n = 42)

F/Z P

Age (d) 27.39±5.21 26.73±4.58 29.96±5.01 1.025 0.088

The gestational age at diagnosis of ICP (Week) 38.92±1.28 38.29±1.44 39.21±1.09 0.707 0.631

The body mass (kg) 25.30±2.01 25.97±3.25 27.33±3.04 0.962 0.153
Cases of primipara/cases of pluripar 31/39 30/31 19/23 0.155 0.841

The times of pregnancies 1.73±0.94 1.94±0.79 2.02±0.74 0.446 0.649

The parity (Times) 0.79±0.58 0.88±0.49 0.90±0.42 0.253 0.859

Perinatal outcomes

Premature delivery 3 (4.3%) 7 (11.5%) 12 (28.6%) 30.296 0.000

Intrauterine distress 0 7 (11.5%) 15 (35.7%) 30.296 0.000

Amniotic fluid and fecal contamination 3 (4.3%) 4 (6.6%) 9 (21.4%) 10.004 0.007

Neonatal asphyxia 0 2 (3.3%) 4 (9.5%) 14.079 0.001

Perinatal death 0 0 (0.0%) 0 (0.0%) – –

UDCA treatment

Dosage (mg) 0 1000 1000 – –

Duration (Week) 0 8 8 – –

Abbreviations: AHP, asymptomatic hypercholanaemia of pregnancy; ICP, intrahepatic cholestasis of pregnancy; UDCA, ursodeoxycholic acid.
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and incubated overnight at 4°C. It was then washed with PBS three times × 5 min, and a secondary antibody was added
(Guangzhou Anbipin Pharmaceutical Technology Co., Ltd.) and incubated at 37°C for 1 h. It was again washed with PBS
three times × 5min, and color development solution (Guangzhou Anbipin Pharmaceutical Technology Co., Ltd.) was added to
develop color, seal the film, and observe under the microscope.

HIF-1α is mainly expressed in the cytoplasm and nucleus, and the positive coloring was yellow, brownish-yellow, and
tan. According to the coloring degree, the score of staining degree was divided into the following: 0 for colorless, 1 for
light yellow, 2 for brownish-yellow, 3 for brown. Based on the percentage of positive cells, the score was divided into 1
point for ≤10%, 2 points for 11–50%, 3 points for 51–75%, and 4 points for >75%. HIF-1α expression score = the score
of staining degree × the score of percentage of positive cells, with a total score of 0~12. A total score of <3 was negative,
indicated by “–,” a total score of 3–5 was weakly positive, indicated by “+,” a total score of 6–9 was positive, indicated
by “++,” and a total score of >9 was strongly positive, indicated by “+++.”

Statistical Processing
The measurement data were expressed as mean ± standard deviation (x� s), and one-way ANOVA was used for
comparison of the differences among more than two groups, while the Least Significant Difference-t method was used
for comparison of differences between two groups. The countable data were expressed as percentages (%), the chi-square
test was used for comparison of the differences between groups, and the rank-sum test was adopted for comparison of
perinatal prognosis. Pearson’s test was used for correlation analysis. The SPSS 17.0 software was used for statistical
analysis, and P < 0.05 was considered statistically significant.

Results
Comparison of Bile Acid Profiles Among Three Groups of Women in the Late
Pregnancy
The levels of TBA and nine BA components were compared among the three groups, and it was found that the nine types
of BA components were significantly higher in the ICP and AHP groups than in the control group (P < 0.05). The levels
of CA and LCA in the AHP group were significantly lower than those in the ICP group, and the differences were
statistically significant (P < 0.05). While differences in the other BA indicators were not statistically significant between
the AHP and ICP groups (P > 0.05), as illustrated in Table 2.

Table 2 Comparison of the Bile Acid Profiles Among the Three Groups of Study Object (x� s, μmol/L)

Control Group (n = 70) AHP Group (n = 61) ICP Group (n = 42) Z P

TBA 8.03±1.07 24.83±11.03** 30.89±11.99** 1.079 0.084

CA 0.38±0.07 0.83±0.23* 4.74±0.20**## 19.261 <0.001

DCA 0.21±0.11 0.37±0.18* 0.35±0.17* 0.375 0.779
CDCA 0.25±0.08 0.51±0.15* 0.43±0.14* 0.397 0.836

UDCA 0.17±0.08 0.24±0.11* 0.24±0.12* 0.096 0.991

LCA 0.31±0.10 0.63±0.16* 1.63±0.42**## 11.252 0.001
GCA 7.25±1.05 17.92±3.24** 19.52±4.16** 1.822 0.045

GDCA 0.35±0.11 0.59±0.19* 0.50±0.13* 0.164 0.93

GCDCA 2.31±0.49 5.24±1.87** 5.99±1.31** 0.894 0.725
GLCA 0.24±0.06 0.34±0.17* 0.37±0.14* 0.095 0.963

Notes: *Compared with the control group, P<0.05; **Compared with the control group, P<0.01; ##Compared with the AHP group,
P<0.01.
Abbreviations: AHP, asymptomatic hypercholanaemia of pregnancy; ICP, intrahepatic cholestasis of pregnancy; TBA, total bile acid; CA,
cholic acid; DCA, deoxycholic acid; CDCA, chenodeoxycholic acid; UDCA, ursodeoxycholic acid; LCA, lithodeoxycholic acid; GCA,
glycocholic acid; GDCA, glycodeoxycholic acid; GCDCA. glycylchenodeoxycholic acid; GLCA, glycinolithocholic acid.
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Comparison of the Diagnostic Predictive Efficacy of CA, LCA, and LCA+CA in
Patients with ICP with TBA ≥10 μmol/L
The receiver operating characteristic (ROC) curve was adopted to analyze the predictive ability of each indicator for the
study subjects, and it was revealed that the levels of CA, LCA, and LCA+CA were statistically significant (P < 0.05) in
predicting ICP for those with TBA ≥10 μmol/L, with the largest area under the curve (AUC) of 0.923 for LCA+CA and
a cut-off point of 3.28 μmol/L. This was followed by LCA (0.756) and CA (0.716), as shown in Figure 1.

Comparison of the Incidence of Adverse Perinatal Outcomes Between Patients with
Different Levels of LCA+CA
The study population was subdivided into the high LCA+CA and low LCA+CA subgroups, based on the LCA+CA cut-
off point in ROC to study the perinatal outcomes of pregnant women in both groups. The results showed that the
incidences of perinatal preterm delivery, intrauterine distress, amniotic fluid and fecal contamination, and adverse
outcomes were significantly higher in the high LCA+CA subgroup than in the low LCA+CA subgroup, and the
differences were statistically significant (P < 0.05), as demonstrated in Table 3.

Comparison of Placental HIF-1α Expression Levels in Pregnant Women with Different
Levels of LCA+CA
The placental HIF-1α expression levels in the pregnant women in the high LCA+CA and low LCA+CA subgroups were
investigated by immunohistochemical staining (Figure 2). The results showed that the HIF-1α positivity in the high LCA+CA
subgroup was 98.3%, of which 14 cases (24.1%) were weakly positive (+), and 43 cases (74.1%) were positive–strongly
positive (++, ++++). The HIF-1α positivity in the low LCA+CA subgroup was 86.7%, of which 24 cases (53.4%) were weakly
positive (+), and 15 cases (33.3%) were positive–strongly positive (++, ++++). The HIF-1α positivity was significantly higher
in the high LCA+CA subgroup than in the low LCA+CA subgroup, and the difference was statistically significant (P < 0.05),
as shown in Table 4.

Figure 1 The ROC curves of CA, LCA, and CA+LCA for the prediction of ICP with TBA ≥10 μmol/L.
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Correlation Analysis of LCA, CA, and LCA+CA with HIF-1α Expression Levels
Pearson’s correlation analysis revealed that LCA (r = 0.473) and CA (r = 0.537) were moderately correlated with HIF-
1α, and LCA+CA was strongly correlated with HIF-1α (r = 0.619) with r2 = 0.383. HIF-1α expression levels were
positively correlated with LCA, CA, and LCA+CA, and the differences were all statistically significant (P < 0.05
in all).

Discussion
ICP is a liver dysfunction specific to pregnancy, occurring mainly between 16 and 35 weeks of gestation. Currently, ICP
has become a common complication of pregnancy, which is closely correlated with the lack of awareness of the disease
among pregnant women and the failure to make timely disease predictions, which in turn leads to worsening of ICP.22 It
has been shown that there is a correlation between ICP and maternal TBA levels and that high levels of TBA are the
leading cause of jaundice and pruritus in patients with ICP, and also leads to reduced fetal blood supply inducing

Figure 2 Detection of placental HIF-1α by immunohistochemical staining. Scale bar = 50 μm or 25 μm.

Table 3 Differences in the Adverse Perinatal Outcomes Between the High LCA+CAGroup and Low LCA+CA
Group [Cases (%)]

The High LCA+CA
Group (n = 58)

The Low LCA+CA
Group (n = 45)

Z/χ2 P

Premature delivery 15(25.9) 4(8.9) 4.853 0.39

Intrauterine distress 18(31.0) 4(8.9) 7.399 0.008
Amniotic fluid and fecal

contamination

11(19.0) 2(4.4) 4.845 0.36

Neonatal asphyxia 5(8.6) 1(2.2) 1.637 0.397
Perinatal death 0(0.0) 0(0.0) – –

Adverse outcome 21(36.2) 4(8.9) 10.288 0.001

Abbreviations: CA, cholic acid; LCA, lithodeoxycholic acid.

https://doi.org/10.2147/IJWH.S355156

DovePress

International Journal of Women’s Health 2022:14692

Cheng et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


intrauterine distress and poor pregnancy outcome, making TBA levels an essential indicator of the development of ICP.23

However, the specificity of TBA as a specific indicator reflecting liver function is poor. It is noteworthy that
a considerable number of pregnant women with elevated TBA (TBA ≥10 μmol/L) in clinical practice do not have
typical symptoms of ICP, and no fetal dysplasia is detected. Therefore, it is also of great interest to evaluate how to
predict the risk of ICP development in this population. There are many categories of BAs, mainly including the
hydrophilic BAs and hydrophobic BAs, among which hydrophobic BAs have the characteristic of destroying cell
membrane structure, so hydrophobic BAs have high cytotoxicity. CA and LCA may be the subgroups of hydrophobic
BAs that play an important role.24

In the present study, pregnant women with TBA ≥10 μmol/L in the late pregnancy were classified into the ICP and
AHP groups, and the indicators that could predict and evaluate ICP in the presence of high levels of TBAwere explored
by comparing the two indicators with healthy pregnant women. First, the BA profiles, including nine types of BAs in the
three groups, were detected, and it was found that there were significantly higher levels of CA and LCA in the ICP group,
suggesting that CA and LCA might serve as risk predictors of ICP in pregnant women with high levels of TBA. In
patients with ICP, elevated estrogen and other factors can lead to increased synthesis of CA. Studies have shown that CA
levels are significantly elevated in patients with ICP, up to 10 times higher than in the controls and that elevated serum
BAs are dominated by CA.25 Duan et al26 treated patients with ICP by UDCA and found that the reduction of CA might
be correlated with improved perinatal outcome in ICP. LCA is produced by 7α-dehydroxylation of bound CDCA, and
although the level in vivo is low, LCA is the most hydrophobic and, therefore, more cytotoxic than other BAs.27

However, in the present study, the elevation in the levels of CA and LCAwas not so obvious, which might be correlated
with the comprehensive investigation of those with ICP+AHP, together with the geographical and demographic factors.
Du et al found that LCA could induce upregulation of placental tumor necrosis factor-α and apoptosis of syncytial
trophoblast in ICP,28,29 suggesting a possible pathological mechanism for poor perinatal outcome in ICP. Li et al30 found
that LCA levels were significantly elevated in patients with ICP and negatively correlated with the LCA detoxifying
enzyme sulfotransferase 2A1, suggesting that the accumulation and abnormal metabolism of LCA might be an important
cause of development in ICP. Chao et al31 revealed that the effector protein levels in the mTOR signaling pathway were
elevated in the placenta of pregnant women with ICP, and pretreatment of LCA to human placental trophoblast cell lines
could further activate this pathway, suggesting that LCA might contribute to the onset and development of ICP by
activating mTOR signaling. In addition, the possibility of CA and LCA as risk predictors for ICP in pregnant women
with high levels of TBA was explored in the present study, and it was found that the combined evaluation had the best
efficacy. By observing the perinatal outcomes of patients with different levels of LCA+CA, it was found that LCA+CA
could be used as an indicator to evaluate the occurrence of adverse perinatal outcomes. As a precursor substance of LCA,
the combined assessment of the CA and LCA could represent the overall level of hydrophobic BAs to a certain extent. Yu
et al32 suggested that CA might be of significance in distinguishing ICP from other liver function abnormalities and that
elevated LCA might be correlated with poor prognosis of ICP. Another study also found a correlation between LCA and
the severity of ICP.33

HIF-1α is a hypoxia-inducible factor, and the expression level can respond to the degree of hypoxia in tissues and is
one of the initiators of hypoxic reperfusion.34 HIF-1α can accelerate placental vascular endothelial cell injury and induce

Table 4 Differences in the Protein Expression of Placental HIF-1α in Pregnant Women
Between the High LCA+CA Group and Low LCA+CA Group [Cases (%)]

The High LCA+CA
Group (n = 58)

The Low LCA+CA
Group (n = 45)

t/χ2 P

– 1(1.7) 6(13.3)

+ 14(24.1) 24(53.4)
++ 25(43.1) 9(20.0)

+++ 18(31.1) 6(13.3)

Positivity 57(98.3) 39(86.7) 5.392 0.041

Abbreviations: CA, cholic acid; LCA, lithodeoxycholic acid; HIF-1α, hypoxia-inducible factor-1α.
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micro thrombosis. In addition, HIF-1α can also affect BA metabolism in hepatocytes, which is an important factor in the
deterioration of ICP. A study has shown that HIF-1α is also an essential indicator of the severity and prognosis of ICP.20

In the present study, it was found that there existed a high positivity of HIF-1α in pregnant women with high levels of
LCA+CA, and by correlation analysis, it was suggested that CA and LCA were positively correlated with HIF-1α, and
the highest correlation was found between the combination of the two indicators and HIF-1α. Yang et al35 found that
placental HIF-1α levels were significantly elevated in patients with ICP and were associated with TBA. It has also been
shown that S-adenosylmethionine combined with cholestatic drugs significantly downregulated the expression of HIF-1α
in the placenta of patients with ICP with improvement in both symptoms and prognosis,36 which was consistent with the
results of the present study whose result proved that LCA+CA was strongly correlated with HIF-1α. Therefore, the
present study hypothesized that the accumulation of LCA and CA in pregnant women could involve the placenta and
increase the expression level of HIF-1α, which could induce a series of hypoxic manifestations, such as vascular
endothelial cell injury, and eventually lead to adverse outcomes, such as fetal distress. However, this hypothesis still
needs to be confirmed by fundamental research.

However, there were still some limitations in the present study. First, this was a single-center study. In addition, the
sample size was small because it was difficult to obtain the enrolled study subjects. The number of enrolled subjects
should be increased with the conduction of multivariate correlation prediction analysis to provide more reliable data from
the clinical trials.

In conclusion, the present study found that CA and LCA serum levels were higher in the ICP group than in the control
and AHP group, and the ROC curve analysis showed that LCA, CA, and LCA+CAwere all diagnostic indicators for ICP,
and LCA+CA displayed the greatest diagnostic value. Subgroup analysis using the LCA+CA cut-off point (3.28 μmol/L)
as the subgroup indicator proved that the incidence of adverse perinatal outcomes and the placental HIF-1α positivity
were significantly higher in the high LCA+CA group than in the low LCA+CA group. Pearson correlation analysis
revealed significant positive correlations of HIF-1α expression levels to LCA, CA and LCA+CA. In general, LCA and
CA may be used as predictors for ICP in pregnant women with high levels of TBA, and the elevated levels suggested an
increased risk of poor perinatal prognosis.
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