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Abstract
Introduction  Many women living with hepatitis C (HCV) 
are of childbearing age. While the risk of vertical HCV 
transmission has been well established, the impact of 
HCV on pregnancy outcomes are equivocal, with some 
studies reporting risks of preterm birth, low gestational 
weight, gestational diabetes and hypertension, while 
other studies report no such risks. With the shift of the 
HCV treatment landscape to more effective, tolerable and 
shorter medications, understanding pregnancy outcomes 
of women living with HCV are an important consideration 
in order to provide a baseline from which to consider the 
usefulness and safety of HCV treatment for this population. 
The objective of this systematic review will be to 
investigate pregnancy outcomes associated with maternal 
HCV infection.
Methods and analysis  This systematic review will 
incorporate articles relevant to pregnancy outcomes 
among women living with HCV (eg, gestational diabetes 
and caesarean delivery). Articles will be retrieved from 
academic databases including MEDLINE, EMBASE, 
CINAHL, ​clinicaltrial.​gov and the Cochrane Library and 
hand searching of conference proceedings and reference 
lists. A database search will not be restricted by date, and 
conference abstract will be restricted to the past 2 years. 
The Newcastle-Ottawa Quality Assessment Scale will be 
used to assess the quality of the retrieved studies. Data 
will be extracted and scored independently by two authors. 
A narrative account will synthesise the findings to answer 
the objectives of this review.
Ethics and dissemination  This systematic review will 
synthesise the literature on the pregnancy outcomes of 
women living with HCV. Results from this review will be 
disseminated to clinical audiences, community groups and 
policy-makers, and may support clinicians and decision-
makers in developing guidelines to promote best outcomes 
for this population.

Introduction 
Globally, up to 71 million people are affected 
with chronic hepatitis C (HCV).1 HCV-related 
mortality rate and disability-adjusted life years 
(DALY) continue to increase, with DALY 
increasing by 43% between 1990 and 20 132. 
Mortality due to viral hepatitis increased by 
22% between 2000 and 2015, and at least 402 
000 deaths were HCV-related worldwide in 
2015.3 Women can be particularly vulnerable 
to HCV infection,4 and approximately 40% of 
women living with HCV are of childbearing 

age.5 In the USA, between 2011  and  2014, 
detection of HCV among women of child-
bearing age increased by 22% nationally and 
by 213% in the state of Kentucky.6 Moreover, 
due to similar transmission routes, women 
living with HCV can be co-infected with HIV.7 
Yet, it is known that women living with viral 
infections have fertility intentions.8 HCV 
infection does not seem to affect the ability 
of women to become pregnant.9 An esti-
mated 0.1%–0.5% of pregnant women are 
HCV carriers in high-income settings, and 
the prevalence varies widely depending on 
jurisdiction.5 10–12 In these settings, 15% of 
women of childbearing age and living with 
HCV will become pregnant.5 This number 
is likely to be an underestimation, as routine 
HCV screening is currently not widely recom-
mended during pregnancy.13 

A large body of literature has indicated 
that maternal HCV infection can be vertically 
transmitted, particularly for women with high 
HCV viral load or HIV coinfection.14 World-
wide, the risk of vertical transmission is 5.8% 
(95% CI 4.2% to 7.8%),14 although it is likely 
lower in high-income settings. For example, a 
study conducted in British Columbia reported 
a vertical HCV transmission rate of 4.7% for 
HCV RNA-positive women.15 Beyond trans-
mission risks, other difficulties can arise for 
pregnant women living with HCV; however, 
available literature appears to be inconsistent 
with some studies suggesting that HCV has 
been linked with risks of preterm birth, low 

Strengths and limitations of this study

►► This study will systematically report on the literature 
on the impact of hepatitis C infection on pregnancy 
outcomes, an area with equivocal findings.

►► The literature will be carefully assessed for quality 
using the Newcastle-Ottawa Quality Assessment 
Scale.

►► A possible publication bias might limit the study and 
will search databases such as ​clinicaltrial.​gov and 
PROSPERO in order to find unpublished studies and 
minimise this issue.
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gestational weight, gestational diabetes and hypertension, 
while others report no such risks.15–23 In addition, little 
is known regarding women living with HCV’s choices in 
regards to abortion. These discrepancies, along with the 
scale-up of access to effective, shorter and more toler-
able HCV treatment regimens, highlight the need for a 
systematic evaluation of studies on the outcomes for preg-
nant women living with HCV. As such, the objective of 
this systematic review will be to investigate the pregnancy 
outcomes associated with HCV infection.

Methods and analysis
This protocol conforms to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses Protocols 
(PRISMA-P) checklist (online supplementary additional 
file 1). We will conform to the PRISMA guidelines for the 
development of this systematic review.24

Research question
The systematic review will aim to answer the following 
question: what are the pregnancy outcomes associated 
with hepatitis C?

Patient and public involvement
No patients were involved in the design of the study. We 
will disseminate plain language summaries to relevant 
patient groups.

Eligibility criteria
Quantitative articles investigating the association between 
HCV infection and pregnancy outcomes, including but 
not limited to hypertension, gestational diabetes and still-
birth, will be included. We will also examine pregnancy 
complications such as hospitalisation or caesarean section, 
and outcomes such as abortions. Since a meta-analysis was 
recently conducted on the association between HCV and 
preterm birth, we will not focus on this outcome for this 
review.17 Review articles (including literature reviews) 
and opinion pieces, including commentaries, letters to 
editors and editorials, will be excluded. HIV and HCV are 
closely tied together due to similar transmission route; 
thus, women living with HCV as well as those co-infected 
with HIV will be included in our study. However, we will 
stratify by HCV monoinfection and HIV co-infection in 
the results, whenever available. If we are unable to distin-
guish between HCV monoinfected and HIV/HCV coin-
fected women, we will discuss the findings of HIV/HCV 
coinfected women in a separate section of the manu-
script. Given the efficacy of new interferon-free direct-
acting antiviral therapies, our search will also examine 
the impact of these medications on pregnancy outcomes. 
The search will be restricted to publications in English 
and French. Our search will not be restricted by publica-
tion date or setting in order to compare outcomes across 
time and geographical location, and the study period will 
be included in our analysis.

Information sources and search strategy
A University of British Columbia medical reference 
librarian with expertise in systematic reviews and 
obstetrics and gynaecology at the University of British 
Columbia has been consulted to develop the following 
search methods (H Brown, personal communication, 
22  September 2017). A search of academic databases 
including MEDLINE, EMBASE, CINAHL, ​clinicaltrial.​
gov, and the Cochrane Library will be performed by an 
author experienced in conducting systematic reviews. We 
will use a combination of search terms related to HCV and 
pregnancy outcomes (see the online supplementary addi-
tional file 2). We will also hand-search the reference lists 
of research and review articles, and look for additional 
potentially eligible articles on Google Scholar.

Additionally, we will hand-search relevant abstracts 
and full texts from HCV and obstetrics and gynaecology 
conferences (eg, American Association for the Study of 
Liver Diseases, European Association for the Study of 
the Liver, Conference on Retroviruses and Opportunistic 
Infections, International AIDS Society Conference, Infec-
tious Diseases Society for Obstetrics and Gynecology) 
between 2016 and 2018. We have restricted an  abstract 
search to 2 years in order to avoid duplication with older 
abstracts that may have already been published.

Screening and data collection
The abstracts and full-text articles retrieved from the 
search strategy will be imported into Endnote X7 and 
duplicates will be removed. Two authors will inde-
pendently examine: (1) titles and abstracts; and (2) 
full texts of relevant articles in two separate stages. Any 
study not meeting the inclusion criteria will be removed. 
Disagreements between the two authors will be resolved 
by discussion or by a third author.

Quality assessment
The methodological quality of included quantitative 
research studies will be assessed using a modified version of 
the Newcastle-Ottawa Quality Assessment Scale (NOS).25 
This tool is reliable and valid to assess case–control and 
cohort studies, and we expect our retrieved studies to 
follow these two designs, as randomised controlled trials 
are unlikely to be included given the topic. Additionally, 
this tool has been used previously by a meta-analysis on 
a similar topic, and thus allows for comparison across 
studies.17 Similar to this meta-analysis,17 scores between 
7 and the maximum score of 9 will be defined as high 
quality, scores between 4 and 6 will be defined as interme-
diate quality, and scores between 1 and 3 will be defined 
as low quality. Two authors will score each study inde-
pendently, and disagreements in scoring will be resolved 
by discussion with a third author.

Data extraction and synthesis
As per PRISMA guidelines, a flowchart indicating each 
stage of the selection process will be produced. A stan-
dardised form developed a priori will be used to capture 
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study characteristics (eg, design, setting and sample size), 
participant characteristics, main outcome measures (eg, 
low birth weight  and gestational diabetes), main study 
findings and NOS scores. The results will be synthesised 
and qualitatively analysed.

Because our search will include studies across settings, 
other factors such as injection drug use (in high-income 
countries) or sub-standard prenatal care (in low-income 
countries) may confound the independent effect of HCV 
on pregnancy outcomes. To tease out the independent 
effect of HCV or pregnancy outcomes, we will distinguish 
and report between descriptive studies and those that 
adjust for independent effects.

Ethics and dissemination
To our knowledge, this systematic review will be the 
first to synthesise the available evidence on pregnancy 
outcomes among women living with HCV. These find-
ings may provide evidence to support clinicians in moni-
toring women living with HCV throughout pregnancy 
and delivery. The results of this review will also inform 
policy-makers and leaders in developing appropriate 
guidelines for the understudied population of pregnant 
women living with HCV. Our results may highlight gaps 
in knowledge and guide future research concerned with 
improving outcomes for women living with HCV and 
their offspring.

While we have developed this systematic review 
protocol according to the highest standards for this 
type of research, including using validated tools such as 
the PRISMA guidelines and the NOS tool, some poten-
tial limitations are worth noting. First, studies on preg-
nant women living with HCV may be done in a variety 
of settings with widely differing healthcare systems. As 
such, our conclusions may only be applicable to specific 
settings, and it may be difficult to draw universal conclu-
sions. Second, it is possible that we miss some relevant 
studies; we will try to minimise this issue by consulting a 
librarian to develop a broad search strategy. We will also 
consult research and clinical experts in the field of HCV 
and pregnancy to ensure we have not missed important 
studies. Lastly, as with all systematic literature reviews, a 
possible publication bias might limit the study. We will 
search databases such as ​clinicaltrial.​gov and PROSPERO 
in order to minimise this issue.

On completion of the systematic review, a robust and 
comprehensive knowledge translation strategy will be 
developed. This strategy will include presenting findings to 
academic audiences at international conferences focused on 
infectious diseases and obstetrics and gynaecology. We will 
also publish the results in a peer-reviewed academic journal 
(eg, Infectious Diseases in Obstetrics and Gynecology) to reach 
clinical and academic experts interested in the topic. Plain 
language summaries and presentations to hospitals and 
other relevant clinical programmes will also be developed. 
Additionally, we will reach out to policy-makers via briefing 
notes or other avenues, as appropriate.

In conclusion, this systematic review will be the first to 
examine the full range of pregnancy outcomes in women 
living with HCV. Findings from this review may ascertain 
the current issues on the topic of HCV and pregnancy 
outcomes, and help experts and clinicians reach consensus 
and develop guidelines to minimise problems and optimise 
favourable outcomes for pregnant women living with HCV. 

Acknowledgements  LT is supported by a Michael Smith Foundation for Health 
Research Scholar Award. 

Contributors  SP designed the systematic review protocol, with support of a health 
librarian. SP prepared the first draft. LA, LT and KS reviewed and revised the first 
draft. All authors read and approved the final manuscript.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors. 

Competing interests  None declared.

Patient consent for publication  Not required.

Provenance and peer review  Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

References
	 1.	 World Health Organization. Global hepatitis report 2017: World Health 

Organization, 2017.
	 2.	 Stanaway JD, Flaxman AD, Naghavi M, et al. The global burden of 

viral hepatitis from 1990 to 2013: findings from the global burden of 
disease study 2013. Lancet 2016;388:1081–8.

	 3.	 World Health Organization. Global Hepatitis Report, 2017. Geneva, 
2017.

	 4.	 Esmaeili A, Mirzazadeh A, Carter GM, et al. Higher incidence of HCV 
in females compared to males who inject drugs: a systematic review 
and meta-analysis. J Viral Hepat 2017;24:117–27.

	 5.	 Kn L, Jiles RB, Teshale EH, et al. Hepatitis C virus infection among 
reproductive-aged women and children in the United States, 2006 to 
2014HCV in US Reproductive-aged women and children. Annals of 
Internal Medicine 2017.

	 6.	 Koneru A, Nelson N, Hariri S, et al. Increased Hepatitis C Virus (HCV) 
Detection in women of childbearing age and potential risk for vertical 
transmission - United States and kentucky, 2011-2014. MMWR Morb 
Mortal Wkly Rep 2016;65:705–10.

	 7.	 Lavanchy D. The global burden of hepatitis C. Liver International 
2009;29:74–81.

	 8.	 Hanson BM, Dorais JA. Reproductive considerations in the setting 
of chronic viral illness. Am J Obstet Gynecol 2017;217:4–10.

	 9.	 Yang L, Zhao R, Zheng Y, et al. Effect of hepatitis C virus infection on 
the outcomes of in vitro fertilization. Int J Clin Exp Med 2015;8:6230.

	10.	 Blasig A, Wagner EC, Pi D, et al. Hepatitis C infection among 
pregnant women in British Columbia: reported prevalence and critical 
appraisal of current prenatal screening methods. Can J Public Health 
2011;102:98–102.

	11.	 Cortina-Borja M, Williams D, Peckham CS, et al. Hepatitis C virus 
seroprevalence in pregnant women delivering live-born infants in 
North Thames, England in 2012. Epidemiol Infect 2016;144:627–34.

	12.	 Patrick SW, Bauer AM, Warren MD, et al. Hepatitis C Virus infection 
among women giving birth - tennessee and United States, 2009-
2014. MMWR Morb Mortal Wkly Rep 2017;66:470–3.

	13.	 McDermott CD, Moravac CC, Yudin MH. The effectiveness of 
screening for hepatitis C in pregnancy. J Obstet Gynaecol Can 
2010;32:1035–41.

	14.	 Benova L, Mohamoud YA, Calvert C, et al. Vertical transmission of 
hepatitis C virus: systematic review and meta-analysis. Clin Infect Dis 
2014;59:765–73.

	15.	 Money D, Boucoiran I, Wagner E, et al. Obstetrical and neonatal 
outcomes among women infected with hepatitis C and their infants. 
J Obstet Gynaecol Can 2014;36:785–94.

	16.	 Buresi MC, Lee J, Gill S, et al. The prevalence of gestational diabetes 
mellitus and glucose abnormalities in pregnant women with hepatitis 

 on A
pril 28, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-024288 on 22 D

ecem
ber 2018. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/S0140-6736(16)30579-7
http://dx.doi.org/10.1111/jvh.12628
http://dx.doi.org/10.15585/mmwr.mm6528a2
http://dx.doi.org/10.15585/mmwr.mm6528a2
http://dx.doi.org/10.1111/j.1478-3231.2008.01934.x
http://dx.doi.org/10.1016/j.ajog.2017.02.012
http://www.ncbi.nlm.nih.gov/pubmed/26131230
http://www.ncbi.nlm.nih.gov/pubmed/21608379
http://dx.doi.org/10.1017/S0950268815001557
http://dx.doi.org/10.15585/mmwr.mm6618a3
http://dx.doi.org/10.1016/S1701-2163(16)34710-7
http://dx.doi.org/10.1093/cid/ciu447
http://dx.doi.org/10.1016/S1701-2163(15)30480-1
http://bmjopen.bmj.com/


4 Parent S, et al. BMJ Open 2018;8:e024288. doi:10.1136/bmjopen-2018-024288

Open access�

C virus infection in British Columbia. J Obstet Gynaecol Can 
2010;32:935–41.

	17.	 Huang QT, Huang Q, Zhong M, et al. Chronic hepatitis C virus 
infection is associated with increased risk of preterm birth: a meta-
analysis of observational studies. J Viral Hepat 2015;22:1033–42.

	18.	 Karampatou A, Han X, Kondili LA, et al. Premature ovarian 
senescence and a high miscarriage rate impair fertility in women with 
HCV. J Hepatol 2018;68:33–41.

	19.	 Pergam SA, Wang CC, Gardella CM, et al. Pregnancy 
complications associated with hepatitis C: data from a 2003-2005 
Washington state birth cohort. Am J Obstet Gynecol 2008;199:38.
e1–38.e9.

	20.	 Safir A, Levy A, Sikuler E, et al. Maternal hepatitis B virus or hepatitis 
C virus carrier status as an independent risk factor for adverse 
perinatal outcome. Liver Int 2010;30:765–70.

	21.	 Stokkeland K, Ludvigsson JF, Hultcrantz R, et al. Pregnancy outcome 
in more than 5000 births to women with viral hepatitis: a population-
based cohort study in Sweden. Eur J Epidemiol 2017;32:617–25.

	22.	 Goyal LD, Kaur S, Jindal N, et al. HCV and pregnancy: prevalence, 
risk factors, and pregnancy outcome in north Indian population: a 
case-control study. J Obstet Gynaecol India 2014;64:332–6.

	23.	 Rezk M, Omar Z. Deleterious impact of maternal hepatitis-C viral 
infection on maternal and fetal outcome: a 5-year prospective study. 
Arch Gynecol Obstet 2017;296:1097–102.

	24.	 Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. PLoS 
Med 2009;6:e1000097.

	25.	 Wells G, Shea B, O’Connell D, et al. The Newcastle-Ottawa scale 
(NOS) for assessing the quality of nonrandomized studies in meta-
analysis. Ottawa, Ontario: The Ottawa Health Research Institute, 
2011.

 on A
pril 28, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-024288 on 22 D

ecem
ber 2018. D

ow
nloaded from

 

http://dx.doi.org/10.1016/S1701-2163(16)34680-1
http://dx.doi.org/10.1111/jvh.12430
http://dx.doi.org/10.1016/j.jhep.2017.08.019
http://dx.doi.org/10.1016/j.ajog.2008.03.052
http://dx.doi.org/10.1111/j.1478-3231.2010.02218.x
http://dx.doi.org/10.1007/s10654-017-0261-z
http://dx.doi.org/10.1007/s13224-014-0548-x
http://dx.doi.org/10.1007/s00404-017-4550-2
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1371/journal.pmed.1000097
http://bmjopen.bmj.com/

	Hepatitis C and pregnancy outcomes: a systematic review protocol
	Abstract
	Introduction ﻿﻿
	Methods and analysis
	Research question
	Patient and public involvement
	Eligibility criteria
	Information sources and search strategy
	Screening and data collection
	Quality assessment
	Data extraction and synthesis

	Ethics and dissemination
	References


