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INTRODUCTION

Abstract

Prior international studies have shown mixed results regarding the association
of hepatitis B and hepatitis C with adverse pregnancy outcomes. We performed
an updated evaluation of the prevalence of associated adverse pregnancy
outcomes and evaluated trends over time of diagnosis of chronic hepatitis B
(HBV) and chronic hepatitis C (HCV) in pregnant women in a national data-
base. All pregnant women with HBV and HCV were identified from the National
Inpatient Sample database 2012 to 2018. Multivariate logistic regression anal-
yses were performed to compare pregnancy-related complications, including
rates of preeclampsia/eclampsia, gestational diabetes, intrauterine growth re-
striction, antepartum/intrapartum hemorrhage, preterm labor, and Cesarean
section. We evaluated all-cause in-hospital mortality, length of stay, and total
cost of hospitalizations. A total of 28.7 million pregnancy-related hospitalizations
that met our eligibility criteria were identified, including 51,200 with HBV and
131,695 with HCV. In comparison with the uninfected controls, the HBV group
was significantly more likely to develop gestational diabetes (12.94% vs. 6.94%,
p<0.001). The HCV group was more likely to have preterm labor (9.63% vs.
6.27%, p<0.001), intrauterine growth restriction (6.04% vs. 2.89%, p<0.001),
longer length of stay (3.4days vs. 2.7 days, p<0.001), and higher hospitalization
cost (15,052 dollars vs. 14,258 dollars, p < 0.001). These findings should inform
counseling of women who are found to have HBV or HCV during pregnancy
regarding the risk of adverse pregnancy outcomes and support the need for an
interdisciplinary approach to optimize maternal and neonatal outcomes.

2030." As of 2015, there were globally an estimated
257 million people living with HBV and 71 million peo-

Chronic hepatitis B virus (HBV) and chronic hepatitis C ple living with HCV.?! In the United States, chronic HBV
virus (HCV) are both major international public health con- and HCV affect approximately 0.3% (~850,000) and 1%
cerns, as evidenced by the World Health Organization's (2.4 million) of the population, respectively.[?"s] There is
recently developed plan for viral hepatitis elimination by an emerging interest in characterizing HBV and HCV
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in women of childbearing age (WOCA), with regard to
changes in prevalence, clinical manifestations, and im-
pact on pregnancy outcomes.

WOCA represents a priority group for surveillance
and viral hepatitis elimination efforts, due to the risk of
mother-to-child transmission as well as the potential for
adverse pregnancy outcomes. Multiple studies have
reported an increased nationwide prevalence of HCV
among WOCA,®"! and suggest that although nation-
ally there is a decline in HBV, there may be increases
in HBV among WOCA, particularly in specific regions
within the United States such as Appalachia.®®! Both of
these epidemiologic trends have likely been driven by an
increase in injection drug use, leading to an increased
risk for viral hepatitis among young individuals.®!

Few studies have examined trends in the prevalence
of HBV and HCV among pregnant women, and avail-
able literature on the associations between viral hepa-
titis during pregnancy and specific adverse pregnancy
outcomes remains conflicting.[m'”] With a rise in injec-
tion drug users among WOCA potentially driving epide-
miologic changes in viral hepatitis in WOCA, a clearer
understanding of the prevalence of HBV and HCV in
pregnancy and their respective effects on pregnancy
outcomes in women and neonates is needed. We used
data from the National Inpatient Sample to provide an
updated and comprehensive evaluation of the impact
of HBV and HCV on pregnancy and delivery outcomes.

METHODS
Data source

We conducted a retrospective cohort study using
National Inpatient Sample (NIS) data from 2012 to 2018.
Sponsored by the Agency for Healthcare Research and
Quality, NIS is the largest publicly available all-payer
inpatient care database in the United States. It ap-
proximates a 20% stratified sample of all discharges
from short-term, nonfederal hospitals in the United
States, excluding rehabilitation and long-term acute
care hospitals.”z] The NIS contains more than 7 million
hospital stays yearly when unweighted, and estimates
more than 35 million hospitalizations nationally when
weighted.[12'13] Each discharge in the NIS is weighted
to ensure the results are nationally representative. This
study was considered an institutional review exempt, as
it used deidentified and publicly available databases.

Study population

The study included pregnancy or delivery-related ad-
missions identified using International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) and International Classification of Diseases,

Tenth Revision, Clinical Modification (ICD-10 CM) di-
agnostics and procedure codes from NIS 2012 to 2018
(Table S1). Most pregnancy hospitalizations were asso-
ciated with labor/delivery rather than pregnancy-related
complications alone, as such all hospitalizations result-
ing from pregnancy-related complications were analyzed
together with labor/delivery hospitalizations. All 7years
were included in the analysis for pregnancy or delivery-
related outcomes, but the trends in the prevalence of di-
agnoses were only evaluated from 2012 to 2015 and from
2016 to 2018, given differences in diagnosis coding that
precluded comparisons between those with ICD-9 and
ICD-10 coding. Patients with acute liver diseases and
coinfection with both HBV and HCV were excluded to
evaluate the effect of each virus individually and to focus
analysis on the impact of chronic viral hepatitis on preg-
nancy outcomes. Selected patients were further catego-
rized into three groups: patients with HBV, patients with
HCV, and patients with neither HBV nor HCV infection.

Study variables and outcomes

We used NIS variables to identify each patient's age
(years), primary payer (Medicare, Medicaid, private
insurance, and uninsured), hospital teaching status
(rural, urban nonteaching, and urban teaching), and
region of the hospital (Northeast, Midwest, South, and
West). The patient comorbidities were identified using
ICD-9-CM or ICD-10-CM codes (Table S1).

The primary outcome of interest was the rate of preg-
nancy and delivery-related complications, including pre-
eclampsia/eclampsia, gestational diabetes, intrauterine
growth restriction, antepartum/intrapartum hemorrhage,
preterm labor, and Cesarean section (C-section).

Secondary outcomes included (1) in-hospital out-
comes, including all-cause maternal mortality, length
of stay, and total charge among three groups, and (2)
trend in the prevalence of HBV and HCV from 2012 to
2014 and 2016 to 2018.

Statistical analysis

We analyzed the survey data according to the Agency
for Healthcare Research and Quality recommenda-
tions.'"! The entire population of pregnancy-related
admissions in the United States was estimated by im-
plementing a weighting of patient-level observations.
Patient vital status at discharge, which is directly coded
in the NIS, was used for the in-hospital mortality. Length
of hospital stay and total charge of the hospitalization
were also obtained from the NIS. The Pearson's chi-
square test was used to compare proportions, and the
Student t test was used for continuous variables. STATA
15 (StataCorp) was used for analysis. A p-value of less
than 0.05 was considered statistically significant.
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Trends in prevalence of HBV and HCV in pregnancy
were evaluated using a bivariate logistic regression
model, built with HBV and HCV as the dependent variable
and year as the independent variable. In addition, a mul-
tivariate logistic regression model was used to evaluate
the rate of pregnancy and delivery-related complications
among hospitalizations with HBV and HCV, adjusted for
potential confounders, including age, race, insurers, hos-
pital teaching status, region, and comorbidities (hyper-
tension, diabetes mellitus, obesity, anemia, alcohol use
disorder, smoking, drug abuse, acquired immunodefi-
ciency syndrome/human immunodeficiency virus [AIDS/
HIV], and sexually transmitted infection [STI]).

RESULTS

A total of 28,699,580 hospitalizations, which were
pregnancy-related or delivery-related, were identified
from 2012 to 2018, of which a total of 28,681,980 hospi-
talizations met the criteria (Figure 1). They were further
categorized into three groups: HBV (n = 51,200), HCV
(n = 131,695), and the cohort without HBV or HCV/the
control group (n = 28,499,085).

Patient characteristics

Patients with HBV were older compared with the unin-
fected cohort or HCV (32years vs. 28 years or 28 years,

p<0.001) (Table 1). Compared with the uninfected co-
hort, there was a significantly higher rate of Asian or
Pacific Islanders in the HBV group (52.05% vs. 5.66%,
p<0.001), and more white individuals in the HCV group
(81.99% vs. 52.28%, p<0.001). Patients with HBV had a
significantly higher rate of cirrhosis, anemia, and AIDS/
HIV in comparison to the uninfected controls, whereas
patients with HCV had significantly higher rates of cir-
rhosis, hypertension, diabetes mellitus, anemia, alco-
hol use disorder, smoking, drug abuse, AIDS/HIV, and
STI. Compared with HBV, patients with HCV were more
likely to have cirrhosis, hypertension, diabetes mellitus,
alcohol use disorder, smoking, drug abuse, and STI.

Geographically, among all of the patients with HBV,
30.33% were in the West, followed by 27.46% in the
Northeast, 25.93% in the South, and 16.28% in the
Midwest. In the HCV group, nearly half of the patients
(45.47%) were in the South, followed by 20.56% in the
Midwest, 20.20% in the Northeast, and 13.77% in the
West (Table 1 and Table S2).

Trends over time in the prevalence of
HBV and HCV in pregnancy

From 2012 to 2014, the prevalence of HBV remained
at 0.15%, and from 2016 to 2018, the prevalence de-
creased from 0.22% to 0.21% (p = 0.279) (Figure 2). In
contrast, there was a significant increase in the preva-
lence of HCV in pregnant patients from 0.32% in 2012 to

2012 to 2018
(n=28,699,580)

Pregnancy and delivery
related admission from NIS

4

A 4

Excluded (n=17,600):
Acute liver disease (n=16,565)

Coinfection with HBV and HCV (n=1,060)

Selected admissions (n=28,681,980)

il i

Cohort without HBV or HBV

€Y (n=51,200)

HCV

(n=131,695)

(n=28,499,085)

FIGURE 1

Flowchart of patient inclusion. Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; NIS, National Inpatient Sample.
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é 0.43% in 2014 (p<0.001). Despite being statistically in-
; significant (p = 0.172), the prevalence of HCV increased
Lo from 0.53% to 0.58% from 2016 to 2018. The apparent
s s increase in the prevalence of both HBV and HCV from
% ‘i 2014 to 2016 was likely a function of the change in cod-
E.g § S § ing and does not reflect a true change in prevalence.
O V o V
In-hospital outcomes
@ In comparison to the uninfected cohort, the HBV group
> . i . .
3% did not show a statistical difference in maternal mor-
I3 tality, length of stay, or total hospitalization cost. On
§ ; the other hand, the HCV group had a longer length of
= s _ | hospitalization (3.39days vs. 2.66 days; adjusted Coeff
g':é. S 8 8| & 0.46 [95% confidence interval (Cl): 0.40, 0.52]), and a
88 ¢ 9 ¢3¢ higher total cost of hospitalization than uninfected con-
S trols ($20,991 vs. $18,289; adjusted Coeff 2,018 [95%
% Cl: 1,613, 2,424]).
é g
E 0 zg Pregnancy and delivery-related outcomes
[ a
§ Z_ =4 Compared with uninfected control, the most signifi-
E % - g) cant difference in the HBV group was a higher rate of
E g S § 8| s gestational diabetes (12.94% vs. 6.94%). After adjust-
©Oo oV o|2 ing for potential confounders, the adjusted odds ratio
g (OR) was 1.19 (95% CI: 1.12, 1.27) (Table 2). To fur-
§ g ther evaluate the association between HBV and ges-
oy é tational diabetes, we also performed propensity score
0 <} matching for the HBV group and control group by age,
S B e oeld race, insurance status, hospital teaching status, and
;: ;) § 3 ; comorbidities, which revealed that HBV was still as-
¥ 3 sociated with a significant risk of gestational diabetes
S 2 with an OR of 1.16 (95% CI: 1.07, 1.27) (Table S3).
- 8 There was no difference in intrauterine growth re-
v g striction, antepartum/intrapartum hemorrhage, and
€ o | C-section rate between HBV and uninfected groups,
B 3 N3 g while the HBV group had a small decrease in the rate of
- ° - > preeclampsia/eclampsia (4.48% vs. 5.28%, p=0.035)
T and preterm labor (5.52% vs. 6.27%, p=0.002) than
£ the uninfected group.
0 © Intrauterine growth restriction was higher in the HCV
S E group (6.04% vs. 2.89%) with a crude OR of 2.15 (95%
_0-2,1 g Cl: 2.04, 2.28) and adjusted OR of 1.27 (95% CI: 1.19,
=& g 2 2| 1.34). The HCV group also had significantly higher rates
St &3S I3 of preterm labor (9.63% vs. 6.27%) with a crude OR of
g 1.59 (95% CI: 1.52, 1.66), and after adjusting for con-
-E founders, an OR of 1.12 (95% CI: 1.06, 1.17). Bivariate
) £ analyses evaluating the impact of each confounding
é S factor is given in Tables S4 and S5. The rate of pre-
(_S) 4] eclampsia/eclampsia (4.75% vs. 5.28%, p = 0.001) and
= g - < gestational diabetes (4.57% vs. 6.94%, p<0.001) was
- 2 = g slightly lower in the HCV group than in the uninfected
w 2 = = § cohort. There was no significant difference in antepar-
g 0< ot tum/intrapartum hemorrhage between HCV and the
- 2 uninfected cohort.
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(A)
0.25%
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FIGURE 2

Between HBV and HCV, HCV had a higher rate of
intrauterine growth restriction (p = 0.009) and preterm
labor (p<0.001) than the HBV group, whereas HBV
was significantly more likely to be associated with ges-
tational diabetes (p = 0.002).

DISCUSSION

Using the largest publicly available inpatient database
in the United States, we found that in comparison to
uninfected controls, patients with HBV were signifi-
cantly more likely to develop gestational diabetes, and
patients with HCV were more likely to have intrauter-
ine growth restriction and preterm labor after adjusting

(A,B) Yearly trend of prevalence of HBV. Abbreviation: ICD, International Classification of Diseases.

for known confounders, including reported drug use.
The all-cause in-hospital mortality, length of stay, and
total hospitalization costs were significantly higher in
the HCV group, demonstrating that patients with HCV
during pregnancy are particularly at risk for significant
morbidity and adverse pregnancy outcomes. In addi-
tion, we identified a trend toward an increase in the
prevalence of HCV in pregnant patients, particularly
from 2012 to 2014, which was not observed in the HBV
group.

An understanding of HCV prevalence and disease
burden in pregnant women is crucial to improving
guidelines on disease surveillance and treatment in
pregnancy. In our study, we provided an updated as-
sessment of epidemiological trends, showing not only
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TABLE 2 Outcomes of pregnancy-related hospitalizations with chronic HBV or HCV versus uninfected controls

Comparison HCV vs. Comparison HBV vs.

Comparison HBV vs.

HCV, adjusted OR/coeff.

control, adjusted OR/
(95% Cl)

coeff. (95% CI)

control, adjusted OR/

coeff. (95% CI)

HCV,

Control,

131,695

4.75%
4.57%
6.04%
0.91%
9.63%

n

= 51,200

HBV, n

28,499,085

5.28%
6.94%
2.89%
0.66%
6.27%
29.87%
0.01%
22,8
2.66

n

0.92 (0.77, 1.09)
1.26 (1.09, 1.46)

0.89 (0.84, 0.96)
0.87 (0.81, 0.93)
1.27 (119, 1.34)
0.97 (0.84, 1.12)

112 (1.0, 1.17)

0.90 (0.81, 0.99)
119 (112, 1.27)
0.91 (0.81, 1.02)

4.48%

Preeclampsia/eclampsia

12.94%
3.07%
0.95%
5.52%
31.97%
0.03%
2(2,3)
2.81

Gestational diabetes

0.77 (0.63, 0.94)
0.77 (0.54, 1.12)

Intrauterine growth restriction

1.06 (0.85, 1.30)

Antepartum/intrapartum hemorrhage

0.71 (0.62, 0.83)

0.87 (0.80, 0.95)
1.00 (0.96, 1.04)
1.94 (0.61, 6.17)

Preterm labor

0.92 (0.84, 1.00)

1.09 (1.05, 1.12)

29.48%
0.05%
3(2,3)
3.39

C-section

2.59 (0.61, 11.04)

1.86 (0.99, 3.47)
0.46 (0.40, 0.52)

Maternal mortality

-0.20 (-0.32. -0.08)

0.05 (-0.00, 0.11)

Length of stay (days), median (IQR)

Length of stay (days), mean

2,018 (1,613, 2,424) -1,389 (-2,252, -526)

291 (-199, 780)

15,052 (9,753,

16,305 (10,342,

14,258 (9,400,

Total charge ($), median (IQR)

23,646)

20,991

25,618)

20,925

21,913)

18,289

Total charge ($), mean

Abbreviations: Cl, confidence interval; C-section, Cesarean-section; OR, odds ratio.

that the prevalence of HCV in pregnant women has
significantly increased from 2012 to 2014, but also that
rates are higher in the Southern and Northeastern re-
gions of the United States (see Table S2 for a descrip-
tion of regions). This is consistent with a growing body
of literature demonstrating an increase in the detection
of HCV in both WOCA and pregnant women.[®7:1516]
For example, population-based retrospective study
using National Center for Health Statistics birth re-
cords also observed a greater than 100% increase in
maternal HCV infection rates in primarily Southern and
Midwestern states.l"®! These shifts in the epidemiologic
trends of HCV in pregnant women, likely driven by an
increase in injection drug use,®"! further underscores
the importance of implementing universal HCV screen-
ing recommendations for pregnant women.

In our analysis of NIS data, we found that HCV was
associated with higher rates of preterm labor and intra-
uterine growth restriction after adjusting for confound-
ers. Interestingly, Reddick et al.'"% also found such an
association with preterm labor; however, it was not
significant after their own adjustments.'”! Other stud-
ies, including a nationwide study of pregnant Swedish
women by Stokkeland et al.," performed a meta-
analysis of international observational studies and also
described an increased risk of preterm laborl'!18.19] a5
well as intrauterine growth restriction'"! with maternal
HCV infection. The link between maternal HCV infec-
tion and adverse pregnancy outcomes such as intra-
uterine growth restriction and preterm labor may be
explained by an excessive inflammatory state, with a
higher ratio of pro-inflammatory to anti-inflammatory
cytokines,[zo‘zzl which in turn has been shown to im-
pair uteroplacental dynamics, an important mediator of
perinatal outcomes.?>24 However, further mechanisms
and direct viral impact on pregnhancy outcomes need to
be further evaluated. Altogether, when also considering
the increased cost of hospitalization and increased risk
of maternal mortality in pregnant women with HCV, it is
clear that HCV is associated with adverse pregnancy
outcomes, more so than HBV. Thus, women with HCV
present a high-risk pregnant population and should be
closely monitored and counseled on their increased
pregnancy risks.

Data on the epidemiological trends of HBV in preg-
nant women in the United States is not as robust as
for HCV. We demonstrated that while the prevalence
of HBV in pregnant women has remained stable or
decreased over time, certain geographic regions such
as the Northeast and West have a higher prevalence
of HBV in pregnant women. One retrospective study
using the Quest Diagnostics database noted significant
increases in acute and chronic HBV infection in WOCA,
particularly in certain Appalachian states (Mississippi,
Kentucky, and West Virginia).[S] Furthermore, in evalu-
ating the impact of HBV on pregnancy outcomes, we
found an association between maternal HBV infection
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and gestational diabetes mellitus (GDM), supporting
prior studies in which a higher than 47% risk for GDM
in hepatitis B surface antigen (HBsAg)—positive preg-
nant women was found.[2%2! Although the exact phys-
iological mechanism behind this association remains
unclear, certain theories have been proposed. First,
high levels of tumor necrosis factor-alpha (TNF-«) have
been shown to be a predictor of maternal insulin resis-
tance,?"?8 and studies have found that patients with
chronic HBV have increased levels of TNF-a and its re-
ceptor.[29'30] Second, a study of Korean adults demon-
strated that chronic HBV alone could increase the risk
of insulin resistance and the subsequent development
of diabetes mellitus,®"! potentially due to HBV's effects
on hepatic steatosis and systemic inflammation, which
impair the insulin signaling pathway.[32'33]

Our study demonstrated slightly lower preeclamp-
sia/eclampsia rates in both HBV and HCV groups com-
pared with controls, which has also been seen in prior
studies.'"""® Although the mechanism for these find-
ings is not well understood, immunologic changes on
pregnancy course due to HBV, as well as changes in
pro-angiogenic factors in HCV, have been implicated
as potential causes.B*%1 Furthermore, our study popu-
lation had a lower prevalence of obesity among patients
with HBV/HCV as compared with controls—providing
another explanation for lower rates of preeclampsia/ec-
lampsia, as obesity is a well-established risk factor for
preeclampsia/eclampsia.

One of the main strengths of our study is our up-
dated evaluation of the NIS, providing data on current
rates and trends of HBV/HCYV, as well as defining as-
sociated pregnancy risks that can be used to coun-
sel women (in time for recommendation for universal
HCV screening in pregnancy and increased efforts to
address elimination among individuals during preg-
nancy). The NIS provides a large, nationally repre-
sentative, and diverse study population in which we
were able to study both viruses, which are not en-
demic in the United States. This is a contemporary
study using the latest data from the last decade to ob-
serve not only the clinical outcomes of HBV-infected
and HCV-infected pregnant women, but also the eco-
nomic impact (via cost of hospitalization and length
of hospital stay). This study is also unique in that we
compared the similarities and differences in preg-
nancy outcomes of HBV and HCV, allowing for a more
complete understanding of the overall impact of these
viral diseases on mothers and their infants.

There are some limitations to our study. First, the
analysis is limited by its retrospective nature; there-
fore, we cannot establish the causality between the
viral hepatitis and adverse maternal or fetal outcomes.
Second, the NIS database relies on correct coding by
providers. Potential misclassification might exist; how-
ever, results would be biased toward the null, assum-
ing the misclassification is random. Third, the NIS is an

inpatient database, therefore, the results cannot gener-
alize to patients who underwent out-of-hospital delivery
and had not been hospitalized, although out-of-hospital
deliveries only accounted for about 1% of US deliv-
eries.®® Fourth, this database does not provide in-
formation about medications, laboratory results, and
imaging. Therefore, there are limited data on virological
control before or during pregnancy, although studies
suggest that viral control may not necessarily improve
pregnancy outcomes.B”38 Fifth, the outcomes were
restricted to that particular admission, and long-term
data or outpatient data, such as frequency of outpatient
perinatal appointments, death, and other complications
that occurred after discharge, were unavailable in the
NIS. Finally, universal screening for HCV during preg-
nancy did not occur before 2018, potentially decreas-
ing the proportion of patients with HCV in our study, as
some patients may have been misclassified as being
HCV-negative while others who were screened may
have been screened due to underlying bias (e.g., his-
tory of drug use).

In summary, we found that HBV was associated with
an increased rate of GDM, and HCV was associated
with a higher rate of preterm labor, intrauterine growth
restriction, length of stay, and total charge in pregnancy
or delivery-related admissions. Given the current rec-
ommendations for universal screening for both HBV
and HCV in pregnancy, these findings should inform
counseling of women who are found to have HBV or
HCV during pregnancy regarding the risk of adverse
pregnancy outcomes and support the need for com-
prehensive management by a multidisciplinary team to
optimize maternal and neonatal outcomes.
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