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Purpose: This study aimed to investigate the impacts of home quarantine on

pregnancy outcomes of women with intrahepatic cholestasis of pregnancy (ICP)

during the COVID-19 outbreak and whether the rational use of drugs will change

these impacts.

Methods: This multi-center study was conducted to compare the pregnancy

outcomes in women with ICP between the home quarantine group and the

non-home quarantine group in southwest China. Propensity score matching was

performed to confirm the pregnancy outcomes of the medication group and the

non-medication group in women with ICP during the epidemic period.

Results: A total of 3,161 women with ICP were enrolled in this study, including

816 in the home quarantine group and 2,345 in the non-home quarantine

group. Women with ICP in the home quarantine group had worse pregnancy

outcomes, such as a growing risk of gestational diabetes mellitus A1, fetal growth

restriction, pre-eclampsia, preterm delivery, and even stillbirth. Drug therapy

could alleviate some adverse pregnancy outcomes caused by home quarantine,

including pre-eclampsia, preterm delivery, and meconium-stained amniotic fluid.

Conclusion: COVID-19 quarantine would increase the incidence of ICP and

lead to adverse pregnancy outcomes in women with ICP. The rational use of

drugs reduced some obstetrical complications and improved partial pregnancy

outcomes. Our findings suggested that the government and hospitals should

enhance their management and life guidance for women with ICP and speed up

developing home quarantine guidelines.
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Introduction

In 2019, a novel coronavirus disease, COVID-19 (caused

by the severe acute respiratory syndrome coronavirus 2, SARS-

CoV-2), emerged in Wuhan, China. Since then, the virus and

its variants have continued to spread rapidly across the globe,

infecting hundreds of millions of people and causing millions of

deaths. Worse still, COVID-19 infection has been linked to several

adverse health outcomes, including neurological, cardiovascular,

and pulmonary sequelae (1). As a result, governments worldwide

have implemented various degrees of lockdown measures to curb

the spread of the virus. However, the lockdown has proved

to be a double-edged sword, significantly altering people’s daily

lives and affecting their work, physical activities, sleep, and

dietary habits (2, 3). These changes have been associated with

numerous adverse effects, including psychological disorders among

adolescents, domestic violence, exacerbation of chronic diseases,

and adverse pregnancy outcomes (4–6).

Intrahepatic cholestasis of pregnancy (ICP) is a liver disease

that occurs exclusively during pregnancy and is characterized by

symptoms such as pruritus, jaundice, and elevated bile acids. While

the symptoms and biochemical abnormalities typically disappear

soon after delivery, there is a high probability of relapse during

subsequent pregnancies or with hormonal contraception. ICP

increases the risk of maternal hepatobiliary diseases and can lead to

adverse perinatal outcomes, including fetal ischemia and hypoxia,

spontaneous preterm delivery, meconium-stained amniotic fluid,

neonatal respiratory distress, and stillbirth (7). The incidence of

ICP varies widely depending on the geographical location and

ethnicity, ranging from 0.3% to 15% (8). Worldwide, the incidence

of ICP is higher in South America and northern Europe, and it

is most common in the Yangtze River Basin in China, including

Chongqing, Sichuan, and the Yangtze River Delta. Currently, the

etiology of ICP has not been fully elucidated, but it is believed

to be related to immune abnormalities, genetics, environmental

factors, viral hepatitis, and hormonal changes (9). Research has

demonstrated that reducing exercise does not promote weight,

blood sugar, or bile acid control. Consuming an unhealthy diet,

such as one that is high in carbohydrates, with less nutrients,

and low in fiber, can increase cholesterol levels and result in

elevated bile acid levels (10). With the current trend of home

quarantine, individuals may develop unhealthy eating and exercise

habits, which can lead to elevated bile acid levels. Bile acid is

commonly used as a biomarker for diagnosing ICP in clinical

practice, as indicated by various national and regional guidelines,

including those in China (11–13). Studies suggested that bile

acid levels were associated with an increased risk as well as a

predictor of adverse pregnancy outcomes such as stillbirth, fetal

growth restriction (FGR), and meconium-stained amniotic fluid

(14). Additionally, the home quarantine has contributed to a

rise in maternal depression or mental health issues, which have

been linked to short-term and long-term adverse outcomes for

pregnant women and newborns (15, 16). Furthermore, the home

quarantine has also had detrimental effects on antenatal care,

leading to missed medical treatments, delayed diagnoses, and

reduced doctor visits, ultimately contributing to adverse pregnancy

and birth outcomes among women (17). Consequently, we suspect

that home quarantine may increase the incidence of ICP and lead

to more adverse pregnancy outcomes in pregnant women with

ICP. However, there is currently no definitive evidence to support

this hypothesis.

Here, a multi-center retrospective cohort study was conducted

to evaluate the effects of home quarantine on pregnancy outcomes

among women with ICP. The study included pregnant women with

ICP who underwent strict home quarantine between 24 January

2020 and 20 April 2020 in Chongqing, China. These women were

classified as the home quarantine group. The non-home quarantine

group consisted of pregnant women with ICP without epidemic

lockdown during the same period in 2018, 2019, and 2021. The

results of this study are anticipated to provide valuable guidance for

antenatal care and clinical decision-making for women with ICP

during public health emergencies.

Materials and methods

Ethics approval

This study has been approved by the ethics committee

of Chongqing Medical University (ID: 20220627). During the

process of data collection and analysis, all personally identifiable

information of the pregnant women was deleted to protect

their privacy.

Study design

This multicenter retrospective study was conducted at two

Grade III and Grade A hospitals in Chongqing, China, including

the First Affiliated Hospital of Chongqing Medical University

and the Women and Children’s Hospital of Chongqing Medical

University (Figure 1). The total number of newborns in the

two hospitals is over 10,000 and 15,000 per year, respectively,

making them the two largest maternal hospitals in Chongqing.

The electronic medical records of all pregnant women, including

their sociodemographic and obstetric histories, as well as clinical

information, were systematically preserved in both hospitals. This

study aimed to unveil the impacts of home quarantine exposure

on pregnancy outcomes in women with ICP and to determine

whether medication affects pregnancy outcomes. The study cohort

included pregnant women with ICP who had undergone at least

2 weeks of home quarantine during the COVID-19 epidemic as

well as women without home quarantine during the same period in

2018, 2019, and 2021. The inclusion criteria for home quarantine

were selected based on similar studies, requiring at least 2 weeks of

quarantine (18).

We inferred that the pregnant women who delivered from 7

February 2020 to 31 December 2020 experienced a mandatory

home quarantine of at least 2 weeks as per the strict guidelines

imposed in Chongqing, China, during the period of 24 January

2020 to 20 April 2020. Subsequently, the complete clinical data

of pregnant women from 7 February 2020 to 31 December 2020

were collected and categorized as the home quarantine group.

Additionally, the clinical data of pregnant women during the same
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FIGURE 1

The flowchart of the study.

period in 2018, 2019, and 2021 (birth years) were also collected

and jointly grouped as the non-home quarantine group (control

group) due to the fact that 2020 is the COVID-19 quarantine year

that was not included. ICP diagnosis was strictly based on the

international diagnostic clinical criteria: mild ICP was diagnosed

with the complaint of pruritus and a fasting serum bile acid

concentration greater than 10µmol/L, andwomenwere considered

to have severe ICP with the fasting serum bile acid level >40

µmol/L (11, 19). Exclusion criteria were women without ICP or

diagnosed with the COVID-19 virus.

Data collection

All demographic and clinical data, including maternal

information and outcomes as well as neonatal outcomes, were

obtained from the electronic medical records of two hospitals. Two

data collectors extracted medical records simultaneously, and any

discrepancies in their descriptions were reviewed and reconciled

to ensure accurate data extraction. Furthermore, all data collectors

did not know the main purpose and hypothesis of the study.

Definitions

The effects of home quarantine on maternal and fetal adverse

outcomes were the critical content of this study. Maternal

outcomes include the mode of delivery, gestational diabetes

mellitus A1 (GDM A1, treated with dietary therapy), gestational

diabetes mellitus A2 (GDM A2, needed pharmacologic treatment),

gestational hypertension, pre-eclampsia, postpartum hemorrhage

(defined as>1000ml), placenta accreta spectrum, placenta residue,

polyhydramnios (defined as an amniotic fluid index (AFV) of

>2,000ml), and oligohydramnios (defined as an AFV that is <200

or 500ml) (20, 21). GDM was defined as the following criterion:

after 8–10 h of overnight fasting, all the pregnant women (24–28

gestational weeks) were given a 75 g oral glucose tolerance test; the

diagnosis was made when any of the following criteria were met

according to the recommendations of the International Association

of the Diabetes and Pregnancy Study Groups Consensus Panel

(IADPSG/WHO), including fasting glucose ≥5.1 mmol/L, 1 h

glucose≥10.0 mmol/L, or 2 h glucose≥8.5 mmol/L (22). Diagnosis

of gestational hypertension (HDP), according to the International

Association for the Study of Hypertension in Pregnancy, is

defined as systolic blood pressure ≥140mm Hg and/or diastolic

blood pressure ≥90mm Hg at least two times apart, occurring

after 20 weeks of gestation without significant proteinuria. Then,

pre-eclampsia was diagnosed by hypertension accompanied by

proteinuria≥300mg in 24 h or at least two readings of “++” on the

dipstick in the test of midstream or catheter urine samples within

24 h (23).

Fetal outcomes include small for gestational age (defined

as birthweight <10th percentile), FGR (fetal weight below the

third percentile), macrosomia (birthweight >4,000 g), meconium-

stained amniotic fluid, preterm birth (defined as <37 weeks of

gestation), fetal distress, umbilical cord factors (umbilical cord

around the neck or umbilical cord knot), congenital malformation,

chromosomal abnormalities, low Apgar score (<7 after 5min),
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admissions to medium care unit and neonatal intensive care unit,

and stillbirth (24 weeks of gestation to 7 days after delivery). All

outcome measures are based on previous large-scale studies on

comparative programs and national guidelines (24, 25).

Statistical analyses

The descriptive analysis of the collected data was conducted

using statistical analysis to describe categorical and continuous

variables. The mean ± SD was used to manifest the continuous

variables with a normal distribution, including gestational weight

gain and maternal age. Then, the continuous variables that do

not obey normal distribution were manifested as median plus

25–75 interquartile range (IQR), such as gestational age, serum

bile acids, total bilirubin, and maternal serum biochemistry.

Additionally, frequency and percentages were shown to describe

categorical variables, including gravidity, parity, body mass index,

and other sociodemographic and obstetric histories or maternal

and fetal outcomes of women with ICP. The difference analysis

of continuous variables with a normal distribution was conducted

using an unpaired Student’s t-test. Otherwise, the equivalent

nonparametric test, the Kruskal–Wallis H-test, was used to analyze

the differences between the home quarantine and the control

groups. Chi-square or Fisher’s exact tests were used to compare the

categorical variables. Moreover, body mass index was categorized

into categorical variables rather than continuous ones. Afterward,

univariate logistic regression was used to analyze the maternal and

fetal outcomes of women with ICP in the home quarantine and

the non-home quarantine groups. All results show an odds ratio

(OR) and 95% confidence interval (CI). Then, all factors with P <

0.10 were considered possible confounding factors and evaluated by

the backward elimination strategy in multivariate logical regression

analysis, including gestational weight gain, birth plurality, use of

medication, and skin itch. These data were presented in the form of

adjusted odds ratios (AOR) and 95% CIs.

Owing to the significant interaction between women with

ICP and medication use in the regression model for the total

cohort (P < 0.001), subgroup analyses were further conducted

in the home quarantine group, including medication and no

medication subgroups. To reduce any known confusion caused by

selection bias, propensity score matching (PSM) was performed

to balance the baseline characteristics of the two groups and

reduce potential confounding factors. PSM was conducted to get

a 1:1 matched cohort after using the “nearest-neighbor” approach

without replacement, and a match tolerance of 0.02 was used. The

propensity score was defined as the predicted probability of the

patient using medication given the sociodemographic and obstetric

histories of pregnant women, maternal serum biochemistry, and

comorbidities. Furthermore, the covariates used to calculate the

propensity score included body mass index, birth plurality, history

of ICP, assisted reproductive technology, the severity of ICP,

and skin itch. The factors used to calculate the propensity score

included maternal age, gestational weight gain, and gestational

age. To obtain a balanced distribution of all the covariates in

the PSM cohort, if any baseline features did not satisfy the

balanced distribution, a double robust method was performed to

eliminate any residual confounding deviations after PSM (26). All

outcomes of the PSM cohorts were based on statistical analysis,

the same as the above methods used in the total cohort. A p <

0.05 was considered significant. Because the missing value in the

variables used in the statistical analysis was not more than 5%,

no extrapolation was made on the missing data in the analysis.

All data refer to the number of pregnant women enrolled in our

cohort study, and all analyses were conducted by Statistical Package

for the Social Sciences 26.0 software (SPSS 26.0, IBM Corporation,

Chicago, USA).

Results

Sociodemographic and obstetric histories
of pregnant women with ICP in home and
non-home quarantine pregnancies

After screening the electronic medical records of the pregnant

women in the two hospitals, the data revealed that a total of

115,374 pregnant women gave birth from 2018 to 2021; 27,950 in

2020; and 87,424 in the remaining 3 years. Among them, 27,134

pregnant women who gave birth in 2020 were excluded due to

being without ICP, being diagnosed with COVID-19, or having <2

weeks of home quarantine, and 85,071 in 2018, 2019, and 2021 were

excluded according to the same criteria. After taking the inclusion

and exclusion criteria into account, 816 participants with ICP were

classified into the home quarantine group, while the remaining

2,345 women with ICP were included in the control group. Thus,

the cohort comprised a total of 3,161 participants (Figure 1).

The analysis of the incidence of ICP in two groups showed that

the incidence of ICP rate in the home quarantine group was

2.92%, which was significantly higher than that in the non-home

quarantine group (2.68%; P = 0.031, Supplementary Figure S1).

Comparisons of the sociodemographic and obstetric histories

of pregnant women with ICP between the home quarantine

group and the non-home quarantine group are shown in

Supplementary Table S1. Women with ICP in the home quarantine

group were more likely to gain gestational weight than in the non-

home quarantine group (P = 0.035). Moreover, the proportion

of twins in the home quarantine group (19.2%, 157 women)

was higher than in the non-home quarantine group (16.0%, 375

women), which was shown in further analysis (P= 0.033). Women

with ICP in the home quarantine group have fewer symptoms of

skin itch (30.9%, 252 women vs. 38.9%, 912 women, P < 0.001).

Although more than one-third of women received medication,

the proportion of pregnant women who used medication to treat

ICP in the home quarantine group was lower than that in the

control group (39.5%, 322 women vs. 47.6%, 1,166 women, P

< 0.001). In addition, there were no significant differences in

gestational age, maternal age, gravidity, parity, abortion, pre-

gestation body mass index (BMI), cigarette smoking, alcohol

consumption, the severity of ICP, history of hepatobiliary disease,

history of ICP, or assisted reproductive technology between the two

groups. These suggested that the baseline characteristics of the two

groups were similar. The characteristics with significant differences

in sociodemographic and obstetric histories were identified as
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potential confounding factors. The multiple regression model was

used for post-adjustment analysis in the subsequent analysis.

Maternal and fetal outcomes of women
with ICP in home and non-home
quarantine pregnancies

Then, the impacts of home quarantine on obstetric outcomes

were analyzed, and the details of the results are manifested in

Table 1. The data showed that women with ICP in the home

quarantine group had a growing risk of GDM A1 (AOR 1.34,

95% CI 1.09–1.67, P = 0.007) and pre-eclampsia (AOR 1.63, 95%

CI 1.02–2.60, P = 0.041); moreover, the significant difference

remained after following multiple logistic regression to adjust

potential confounding factors, including birth plurality, gestational

weight gain, skin itch, and use of medication. Additionally, women

with ICP in the home quarantine group also had an increased risk of

postpartum hemorrhage (AOR 1.72, 95% CI 1.02–2.89, P = 0.043)

and placenta accreta spectrum (AOR 1.42, 95% CI 1.06–1.91, P =

0.019). However, there was no significant difference in GDM A2,

pre-eclampsia, placenta residue, or oligohydramnios.

Through further analysis of fetal outcomes, the data showed

that the fetuses in the home quarantine group had an increased risk

of low birth weight (AOR 1.40, 95% CI 1.10–1.78, P = 0.007), FGR

(AOR 1.93, 95% CI 1.12–3.10, P = 0.006), and preterm delivery

(AOR 1.40, 95% CI 1.11–1.76, P = 0.004). Furthermore, the fetuses

in the home quarantine group were more prone to happen with

meconium-stained amniotic fluid (AOR 1.25, 95% CI 1.10–1.55,

P = 0.044), a umbilical cord factors (including the umbilical cord

around the neck or umbilical cord knot; AOR 1.22, 95% CI 1.02–

1.45, P = 0.029), and a low Apgar score (<7) at 1min (AOR 4.05,

95% CI 1.24–13.21, P = 0.020). Therefore, further analysis showed

that fetuses in the home quarantine group had a higher risk of

intensive care unit admission (AOR 1.66, 95% CI 1.30–2.33, P <

0.001). More importantly, there were five stillbirths (0.6%) in the

home quarantine group, which were significantly higher than the

four stillbirths (0.2%) in the non-home quarantine group (AOR

5.15, 95% CI 1.98–10.06, P = 0.005).

The analysis of the maternal serum biochemistry of women

with ICP in the home quarantine group and the non-home

quarantine group is shown in Supplementary Table S2. The

biochemistry markers of liver function showed that the maternal

serum bile acids of women with ICP (P = 0.049) in the home

quarantine group were higher than those in the non-home

quarantine group at the delivery stage. The other indexes, including

alanine transaminase (ALT), aspartate aminotransferase (AST), and

total bilirubin, showed no significant difference at the diagnosis and

delivery stages.

Impacts of medication on the maternal and
fetal outcomes of women with ICP in the
home quarantine group

We further explored whether rational drug use to treat

ICP could improve adverse pregnancy outcomes during home

quarantine. Most of the drugs were recommended for the

treatment of maternal symptoms of ICP with high evidence

grade or common use in clinical practice to decrease the bile

acid level in China, mainly including ursodeoxycholic acid,

polyene phosphatidylcholine, S-adenosyl methionine, reduced

glutathione tablets, and compound glycyrrhizin. Moreover, all

the drugs used were prescribed by doctors based on the

detailed clinical symptoms among women with ICP. After making

PSM in the home quarantine group, 311 cases were well

matched between the two groups or 622 cases in total, and

the generated results balanced sociodemographic and obstetric

histories (Supplementary Table S3). First, the sociodemographic

and obstetric histories of pregnant women with home quarantine

were compared between the medication and non-medication

groups. The data showed that all baseline characteristics showed no

significant difference between the two groups except for skin itch (P

= 0.001).

The details of the obstetric outcomes of pregnant women with

home quarantine in the medication group and the non-medication

group are shown in Table 2. The pregnant women in the non-

medication group had an increased risk of pre-eclampsia (AOR

3.00, 95% CI 1.31–6.87, P = 0.009) and polyhydramnios (AOR

4.10, 95% CI 1.21–13.93, P = 0.024), and the significant difference

remained after adjusting the only confounding factors of skin

pruritus by the multivariate logistic regression analysis. The fetuses

in the non-medication group were more likely to have preterm

delivery (AOR 1.69, 95% CI 1.10–2.59, P = 0.017), abnormal

umbilical cord factors (AOR 1.82, 95% CI 1.26–2.63, P < 0.001),

and meconium-stained amniotic fluid (AOR 1.49, 95% CI 1.05–

2.34, P= 0.048). Moreover, the fetuses had a higher risk of intensive

care unit admission (AOR 1.71, 95% CI 1.07–2.74, P = 0.025).

Subsequently, the maternal serum biochemistry of pregnant

women with home quarantine was analyzed between the

medication and non-medication groups (Supplementary Table S4).

The results demonstrated that the levels of serum bile acids

(P = 0.042), ALT (P = 0.025), and total bilirubin (P = 0.003)

in the medication group were lower than that in the non-

medication group at the delivery stage. The other serum bile

acids and biochemistry indexes, including ALT, AST, and total

bilirubin, showed no significant difference at the diagnosis and

delivery stages.

Pharmacology of pregnant women with
ICP in the home quarantine group

In the cohort of the medication group, pregnant women

with ICP used one or more drugs to treat ICP according to their

actual clinical conditions. Further details of pharmacological

management are shown in Table 3. Results showed that

ursodeoxycholic acid (UDCA) had been taken by 82.6% of

women (266 women) to treat ICP, which was recommended as

the first-line agent for the treatment of maternal symptoms of

ICP (GRADE 1A). The doses used ranged from 150mg to 2 g per

day, according to the specific situation of the women (25). As the

second most frequently used drug, polyene phosphatidylcholine

was used by 52.8% of women (177 women). As an alternative
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TABLE 1 Maternal and fetal outcomes of women with ICP in the home quarantine and non-home quarantine groups.

Home
quarantine

Non-home
quarantine

Crude Adjusted

Outcomes n (%) n (%) OR (95% CI) P OR (95% CI) P
§

Maternal outcomes

Mode of delivery 1.00 (0.84–1.00) 0.996 1.16 (0.97–1.39) 0.115

Cesarean delivery 568 (69.7%) 1,634 (69.7%)

Vaginal delivery 248 (30.3%) 711 (30.3%)

Forceps assisted 10 (1.2%) 48 (2.0%) 0.59 (0.30–1.18) 0.136 0.60 (0.30–1.20) 0.147

Gestational diabetes mellitus

A1†
157 (19.2%) 350 (14.9%) 1.36 (1.10–1.67) 0.004∗ 1.34 (1.09–1.67) 0.007∗

Gestational diabetes mellitus

A2

12 (1.5%) 51 (2.2%) 0.67 (0.36–1.26) 0.216 0.61 (0.31–1.20) 0.153

Gestational hypertension 22 (2.7%) 55 (2.3%) 1.03 (0.73–1.45) 0.859 1.06 (0.75–1.51) 0.737

Pre-eclampsia† 57 (7.0%) 121 (5.2 %) 1.59 (1.01–2.50) 0.045∗ 1.63 (1.02–2.60) 0.041∗

Postpartum hemorrhage† 24 (2.9%) 40 (1.7%) 1.74 (1.04–2.90) 0.035∗ 1.72 (1.02–2.89) 0.043∗

Placenta accreta spectrum† 75 (9.2%) 163 (7.0%) 1.35 (1.01–1.60) 0.038∗ 1.42 (1.06–1.91) 0.019∗

Placenta residue 4 (0.5%) 16 (0.7%) 0.72 (0.24–2.15) 0.717 0.69 (0.23–2.12) 0.522

Polyhydramnios† 36 (4.4%) 64 (2.7%) 1.64 (1.08–2.49) 0.020∗ 1.83 (1.19–2.81) 0.006∗∗

Oligohydramnios 50 (6.1%) 171 (7.3%) 0.83 (0.60–1.15) 0.261 0.75 (0.54–1.04) 0.082

Fetal outcomes

Low birth weight† 135 (16.5%) 361 (15.4%) 1.09 (0.88–1.35) 0.442 1.40 (1.10–1.78) 0.007∗∗

Fetal growth restriction† 30 (3.7%) 50 (2.1%) 1.74 (1.10–2.76) 0.018∗ 1.93 (1.20–3.10) 0.006∗∗

Macrosomia (birthweight

>4,000 g)

21 (2.6%) 63 (2.7%) 0.84 (0.95–1.57) 0.837 0.88 (0.53–1.47) 0.623

Preterm delivery† 146 (17.9%) 395 (16.9%) 1.07 (0.87–1.32) 0.510 1.40 (1.11–1.76) 0.004∗∗

Stillbirth† 5 (0.6%) 4 (0.2%) 3.45 (1.05–6.30) 0.041∗ 5.15 (1.98–10.06) 0.005∗∗

Fetal distress 66 (8.2%) 178 (7.7%) 1.06 (0.79–1.42) 0.696 0.96 (0.71–1.30) 0.811

Meconium-stained amniotic

fluid†
152 (18.6%) 341 (14.6%) 1.3491.10–1.65) 0.007∗∗ 1.25 (1.10–1.55) 0.044∗

Umbilical cord factors† 240 (29.4%) 596 (25.5%) 1.16 (0.97–1.39) 0.113 1.22 (1.02–1.45) 0.029∗

Fetus with congenital

malformation†
12 (1.5%) 29 (1.2%) 1.19 (0.60–2.34) 0.615 1.16 (0.58–2.31) 0.591

Fetal chromosomal

abnormalities

2 (0.2%) 15 (0.6%) 0.19 (0.03–1.44) 0.108 0.18 (0.02–1.35) 0.094

1min Apgar score <7 5 (0.6%) 6 (0.3%) 2.40 (0.73–7.89) 0.149 3.32 (0.96–11.421) 0.057

5min Apgar <7 2 (0.2%) 2 (0.1%) 2.88 (0.41–20.47) 0.291 4.78 (0.63–28.51) 0.180

Intensive care unit admission† 120 (14.7%) 266 (11.4%) 1.34 (1.06–1.69) 0.014∗ 1.66 (1.30–2.13) <0.001∗∗∗

Home quarantine was used as the reference group.
†There was a statistically significant difference between the home quarantine group and the non-home quarantine group.
§Adjust: gestational weight gain, birth plurality, using of medication, and skin itch.
∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001.

drug, S-adenosyl methionine was considered for women with

ICP who could not take UDCA or who had continued symptoms

on the maximum dosage of UDCA, and it was given to 39.4%

of women (127 women). Reduced glutathione tablets (11.2%,

36 women) and compound glycyrrhizin (A traditional Chinese

medicine that can reduce bile acid; 4.7%, 15 women) were also

used to relieve the symptoms of ICP in the clinic. In addition,

dexamethasone (21.1%, 68 women) and magnesium sulfate

(6.2%, 20 women) were also used to improve fetal outcomes

when necessary.

Perinatal mortality

Further analysis of stillbirths showed five stillbirths were found

in the home quarantine group and four in the control group, with
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TABLE 2 Maternal and fetal outcomes of women with ICP who used medication or without medication in the home quarantine group.

Medication Non-medication Crude Adjusted

Outcomes n (%) n (%) OR (95% CI) P OR (95% CI) P
§

Maternal outcomes

Mode of delivery 0.77 (0.55–1.09) 0.138 0.79 (0.55–1.14) 0.205

Cesarean delivery 226 (72.7%) 209 (67.2%)

Vaginal delivery 85 (27.3%) 102 (32.8%)

Forceps assisted 5 (1.6%) 2 (0.6%) 0.40 (0.008–2.06) 0.271 0.32 (0.06–1.73) 0.187

Gestational diabetes mellitus

A1

56 (18.0%) 53 (17.0%) 0.94 (0.62–1.42) 0.752 0.97 (0.03–1.50) 0.897

Gestational diabetes mellitus

A2

4 (1.3%) 4 (1.3%) 1.00 (0.25–4.04) 1.000 0.83 (0.20–3.49) 0.801

Gestational hypertension 8 (2.6%) 11 (3.5%) 1.39 (0.55–3.50) 0.486 1.36 (0.52–3.60) 0.534

Pre-eclampsia† 8 (2.6%) 27 (8.7%) 3.60 (1.61–8.06) 0.002∗∗ 3.00 (1.31–6.87) 0.009∗∗

Postpartum hemorrhage 5 (1.6%) 10 (3.2%) 2.03 (0.69–6.02) 0.200 2.04 (0.68–6.07) 0.222

Placenta accreta spectrum 23 (7.4%) 34 (10.9%) 0.65 (0.37–1.13) 0.129 0.73 (0.41–1.30) 0.279

Placenta residue 2 (0.6%) 2 (0.6%) 1.00 (0.14–7.14) 1.000 0.70 (0.10–5.00) 0.721

Polyhydramnios† 4 (1.3%) 12 (3.9%) 3.08 (0.98–9.66) 0.054 4.10 (1.21–13.93) 0.024∗

Oligohydramnios 16 (5.1%) 27 (8.7%) 1.75 (0.93–3.32%) 0.085 1.61 (0.83–3.13) 0.164

Fetal outcomes

Low birth weight 48 (15.4%) 56 (18.0%) 1.20 (0.79–1.84) 0.390 1.40 (0.89–2.21) 0.142

Fetal growth restriction 7 (2.3%) 16 (5.1%) 2.36 (0.96–5.81) 0.063 3.25 (1.22–4.71) 0.347

Macrosomia (birthweight

>4,000 g)

7 (2.3%) 10 (3.2%) 1.44 (0.54–3.84) 0.463 1.65 (0.58–4.71) 0.347

Preterm delivery† 54 (17.4%) 70 (22.5%) 1.38 (0.93–2.05) 0.109 1.69 (1.10–2.59) 0.017∗

Stillbirth 1 (0.3%) 2 (0.6%) 2.01 (0.18–10.24) 0.570 2.59 (0.20–14.12) 0.470

Fetal distress 23 (7.4%) 28 (9.0%) 0.81 (0.45–1.44) 0.466 0.72 (0.39–1.32) 0.286

Meconium-stained amniotic

fluid†
42 (13.5%) 60 (19.3%) 1.53 (0.99–2.35) 0.052 1.49 (1.05–2.34) 0.048∗

Umbilical cord factors† 77 (24.8%) 112 (36.0%) 1.71 (1.21–2.42) 0.002∗ 1.82 (1.26–2.63) 0.001∗∗

Fetus with congenital

malformation

5 (1.6%) 2 (0.6%) 0.40 (0.08–2.06) 0.271 0.32 (0.06–1.73) 0.187

Fetal chromosomal

abnormalities

1 (0.3%) 1 (0.3%) 1.00 (0.06–16.06) 1.000 1.56 (0.08–31.32) 0.773

1min Apgar score <7 2 (0.6%) 3 (1.0%) 2.01 (0.37–11.07) 0.421 1.90 (0.32–11.31) 0.482

5min Apgar <7 1 (0.3%) 1 (0.3%) 1.00 (0.62–16.06) 1.00 0.64 (0.03–12.94) 0.773

Intensive care unit admission† 39 (12.5%) 57 (18.3%) 1.57 (1.01–2.43) 0.047∗ 1.71 (1.07–2.74) 0.025∗

The medication group was used as the reference group.
†There was a statistically significant difference between the medication group and non-medication group.
§Adjust: skin itch.
∗P < 0.05, ∗∗P < 0.01.

an incidence of 0.6% and 0.2%, respectively. All the characteristics

of stillbirth cases are shown in Table 4. One woman with ICP

was pregnant with twins in the home quarantine group, while the

control group was all singletons. The median maternal age in the

home quarantine group was 29.00 (IQR 26.75–31.00) and 32.00

(IQR 26.00–35.50) in the control group, which revealed the control

group had advanced maternal age. Then, the median gestational

age at delivery in the home quarantine population was 34.00 (IQR

32.72–37.93) and the control group was 32.72 (IQR 30.40–36.86)

for stillbirth cases. These results showed women with ICP in the

home isolation group were closer to the normal delivery time when

stillbirth happened. Four-fifths of ICP cases (four patients) had

coexistent pregnancy complications, including one case with pre-

eclampsia, two with GDM A1, and one with GDM A2 in the home

quarantine group. The maternal serum bile acids of women with

ICP in the home quarantine group (median 49.8; IQR 35.8–81.5)
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TABLE 3 Pharmacology of women with ICP in home quarantine.

Drug therapy N = 322 (%)

Ursodeoxycholic acid 266 (82.6%)

Polyene phosphatidylcholine 170 (52.8%)

S-adenosyl methionine 127 (39.4%)

Reduced glutathione tablets 36 (11.2%)

Compound glycyrrhizin 15 (4.7%)

Dexamethasone 68 (21.1%)

Magnesium sulfate 20 (6.2%)

All results were given as frequency and percentages.

TABLE 4 Characteristics of stillbirth cases.

Characteristics Home
quarantine
(n = 5)

Non-home
quarantine
(n = 4)

Incidence 0.6% 0.2%

Twins 1 (20.0%) 0 (0.0%)

Maternal age 29.00 (26.75–31.00) 32.00 (26.00–35.50)

Gestational age at delivery 34.00 (32.72–37.93) 32.72 (30.40–36.86)

Serum bile acids 49.8 (35.8–81.5) 43.0 (29.6–68.4)

Pre-eclampsia 1 (20.0%) 1 (25.0%)

Gestational diabetes A1 2 (40.0%) 2 (50.0%)

Gestational diabetes A2 1 (20.0%) 0 (0.0%)

Meconium-stained amniotic

fluid

3 (60.0%) 1 (25.0%)

Use of medication 3 (60.0%) 3 (75.0%)

Skin itch 5 (100.0%) 3 (75.0%)

were higher than those in the control group (median 43.0; IQR

29.6 to 68.4, P = 0.037) in the delivery stage. There were three

neonatal deaths among the women with ICP after delivery with

meconium-stained amniotic fluid in the home quarantine group

and only one neonatal death in the control group. Three cases

in the home quarantine group and three in the control group

had used drugs to treat ICP, and all of them had used UDCA or

polyene phosphatidylcholine. Additionally, all the women with ICP

in the home quarantine groupwho usedmedication showed clinical

symptoms of skin itch when they visited the doctor. The control

group is basically the same; only one patient had no skin itch.

Discussion

The COVID-19 pandemic continues to pose myriad challenges

to global public health. While stay-at-home orders of varying

degrees and forms have proven effective in preventing the virus

from spreading more widely and protecting the population, sudden

home quarantine can further disadvantage vulnerable groups,

especially pregnant women. Several studies have reported that

home quarantine can have serious adverse effects on pregnant

women with GDM or HDP, including an increased risk of

complications such as premature delivery and low birth weight

(18). Despite the high incidence of ICP in southwest China,

no research has investigated the relationship between home

quarantine and ICP (27, 28). To confirm the impacts of home

quarantine during COVID-19 on pregnant women with ICP, a

group of pregnant women with ICP was selected and evaluated

for the effects on their pregnancy outcomes as well as whether

appropriate medication could improve these impacts. The findings

indicated a significant increase in the incidence of ICP among

pregnant women during home quarantine. While further studies

are needed to confirm this result, the implications should draw

attention from pregnant women, their families, the government,

and medical institutions.

It has been reported that serum selenium levels generally

decrease with the progression of pregnancy, and women with ICP

typically exhibit lower selenium levels (29). Further studies have

confirmed that low or marginal dietary selenium levels increase

the risk of ICP (30). The dietary habits of the Chinese population

underwent significant changes during the home quarantine period,

with a marked decrease in the consumption of selenium-rich foods

such as fresh vegetables and fruits, poultry, meat, and soy products

(31, 32). Additionally, the sudden imposition of home quarantine

measures had a severe impact on the mental health of vulnerable

groups, particularly pregnant women, who were concerned about

issues such as income, social relationships, and the health of their

unborn child. These negative emotions contributed to increased

levels of tension, anxiety, and depression, which may have raised

the levels of estrogen and progesterone during pregnancy, thereby

heightening the risk of ICP (33, 34). On the other hand, the

alarming state of mental health makes pregnant women more

prone to emotional eating behavior, eating more and tending

to eat foods high in fat, carbohydrate, or energy. An unhealthy

diet not only raises blood glucose and lipids but also inversely

increases the risk of depression and anxiety (35, 36). Moreover, the

reduction in exercise during home quarantine further exacerbates

the accumulation of maternal blood sugar and blood lipids (37).

Bile acids play a crucial role in regulating the homeostasis of

postprandial carbohydrate and lipid metabolism (38, 39). The

disruption of metabolic homeostasis due to maternal blood sugar

and lipid levels may lead to an increase in bile acid levels,

resulting in a higher risk of ICP (40–42). Although multiple factors

associated with home quarantine could contribute to the rising

incidence of ICP, more evidence is required to establish causality.

Pregnant women with ICP in the home quarantine group

tended to gain more weight, which could be closely related to the

changes in diet and exercise habits. Additionally, they were less

likely to develop significant skin itch symptoms, which may make

it harder for them to recognize their illness early on. Analysis of

pregnancy outcomes indicated that the home quarantine group had

a higher prevalence of GDM A1 than GDM A2, and there was

also a tendency for pre-eclampsia incidence to increase. Previous

studies suggest that this could be due to the higher incidence of ICP

(19, 43, 44). Furthermore, we noted a higher risk of placenta accreta

spectrum and postpartum bleeding among women in the home

quarantine group. Several studies indicate that women with ICP

have a higher likelihood of developing postpartum hemorrhage,

and the placenta accreta spectrum is also an important risk factor

for postpartum hemorrhage (45, 46).
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The analysis of neonatal outcomes revealed that home

quarantine was associated with an increased incidence of low birth

weight, FGR, preterm delivery, and even stillbirth. These findings

confirm previous observations made by the UK and Denmark

during the COVID-19 quarantine but are inconsistent with reports

from the US, Sweden, and Ireland (47–51). We also found a

higher incidence of meconium-stained amniotic fluid in the home

quarantine group, which may be related to obstetric factors (e.g.,

higher probability of HDP incidence during home quarantine) or

medical factors (e.g., colonic motility due to high bile acid levels in

women with ICP during pregnancy) (8). Severe meconium-stained

amniotic fluid has been identified to increase the risk of various

obstetric complications, such as GDM, postpartum hemorrhage,

amniotic fluid excess, and intensive care unit admission, which

was consistent with the adverse pregnancy outcomes we observed

(52, 53). Meconium-stained amniotic fluid is often accompanied

by a higher probability of polyhydramnios as well as the presence

of the umbilical cord around the neck or umbilical cord knot (54).

The excess amniotic fluid increases the available space for the fetus

to move within the uterus and compresses the umbilical cord,

ultimately increasing the risk of the cord wrapping around the neck.

Currently, a variety of drugs are used in the clinical

treatment of ICP; UDCA is the first-line drug, while polyene

phosphatidylcholine and S-adenosyl methionine are often used as

second-line drug adjuvant therapy. However, studies on improving

pregnancy outcomes and clinical symptoms have produced limited

and contradictory results. Therefore, we further investigated the

effects of drug use on the adverse pregnancy outcome in the

home quarantine group, by using the PSM to balance the baseline

differences between the medication and the non-medication

groups. The results showed that the medication group had a

lower risk of pre-eclampsia, polyhydramnios, meconium-stained

amniotic fluid, intensive care unit admission, and umbilical cord

around the neck compared to the non-medication group. It is

worth noting that high bile acid is a significant risk factor for pre-

eclampsia (14). The incidence of pre-eclampsia decreases when

treated with hypoechoic acid in the medication group, consistent

with the results of an existing randomized controlled trial (RCT)

on the treatment of UDCA (55). In addition, a small RCT study

showed that UDCA treatment reduced the premature delivery

rate and meconium-stained amniotic fluid in fetuses of women

with ICP, which has also been further confirmed in this study

(56, 57). The reduced incidence of umbilical cord around the

neck or umbilical cord knots in the medication group may be

related to the lower incidence of polyhydramnios. Our results

show that pregnant women treated with drugs usually had higher

bile acid and an intense itch. However, they showed low bile

acid levels during delivery, which may have been a result of drug

treatment. Therefore, our findings suggest that rational drug use

in women with ICP may reduce the risk of premature delivery,

meconium-stained amniotic fluid, and umbilical cord around the

neck (or umbilical cord knot), which could ultimately decrease the

likelihood of neonatal intensive care unit admission.

In conclusion, our results suggested that home quarantine

exacerbated the condition of already vulnerable women with ICP.

The women with ICP in the home quarantine group had higher

bile acid levels and more adverse pregnancy outcomes as compared

to the control group, such as GDM A1, pre-eclampsia, postpartum

hemorrhage, placenta accreta spectrum, and polyhydramnios.

Their fetus was more prone to low birth weight, FGR, meconium-

stained amniotic fluid, premature birth, neonatal intensive care

unit admission, and even stillbirth. Preeclampsia, preterm delivery,

fetal distress, meconium-stained amniotic fluid, and admission

of neonates to intensive care units may be reduced through

the rational use of ICP drugs. Therefore, pregnant women with

ICP during home quarantine need more medical and health

care. Hospitals should enhance their prenatal guidance and the

management of pregnant women during public health emergencies.

Limitations

Although this is the first large-scale cohort study about the

impacts of home quarantine on pregnancy outcomes in pregnant

women with ICP, there are still some limitations: (i) We failed

to collect the psychological changes of pregnant women with ICP

during the lockdown, and the missing medical treatment or doctor

visits due to quarantine policy may reduce the detection rate of

ICP. (ii) This is a retrospective cohort study, so it is difficult to

obtain and quantify the diet, exercise, and mental state of pregnant

women with ICP, limiting our further understanding of how home

quarantine affects pregnancy outcomes. (iii) Although we use PSM

and other methods to imitate the actual situation, there is still a

gap in RCT research. Thus, more evidence is needed to evaluate the

therapeutic effects of the drugs.
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