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Abstract: The natural history of hepatitis C virus infection differs
between women and men. Women demonstrate a slow rate of disease
progression until menopause. Older women are more likely to develop
fibrosis and are less responsive than younger women to pegylated in-
terferon and ribavirin. Women of childbearing age have higher rates of
sustained virologic response, but current therapies are contraindicated
during pregnancy. Vertical transmission of hepatitis C virus occurs, but
data supporting recommendations for prevention of mother-to-infant
transmission are limited.
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Approximately 3 million people in the United States are
chronically infected with the hepatitis C virus (HCV),1

which is transmitted primarily through contact with the blood
of an infected person. Acute infection resolves in approximately
20% of cases and the rest develop chronic infection.2 The major
sequelae of chronic HCV infection are cirrhosis and hepato-
cellular carcinoma.2 The clinical course varies widely among
individuals, with sex influencing the natural history and clinical
outcomes. Understanding the unique features in women will
assist clinicians in managing female patients with chronic HCV
infection.

Prevalence and Natural History of
HCV in Women

Since the implementation of blood product screening, in-
jection drug use (IDU) has become the most common mode

of HCV acquisition.1 Sex does not affect the risk of acquiring
HCV. Although women in the United States historically have
demonstrated a lower prevalence of HCV infection,3 their sex
likely reflected their lower rate of IDU4 because sex differences
in HCV prevalence are not seen in other cultures.5 In addition, a
meta-analysis of 30 studies reported that female prison inmates
are 40% more likely than are male prison inmates to be infected
with HCV.6 Female injection drug users also exhibit higher rates
of HCV infection than their male counterparts,7,8 a difference
that is related to behavior rather than biology: Female injection
drug users frequently share injection equipment and engage in
unsafe sex practices,7,9 including having intercourse with people
with whom they also inject drugs.10,11

Although sex does not appear to affect the risk of HCV
infection, it does influence its outcome. A systematic review
of 31 longitudinal studies found that 40% of women versus
19% of men will resolve acute HCV infection.12 Genome-wide
association studies have reported that genetic variation sur-
rounding the interleukin-28B (IL-28B) locus is associated with

Key Points
& In the absence of comorbid conditions, women with hepatitis

C virus (HCV) infection experience a slower progression to
cirrhosis and a lower risk of hepatocellular carcinoma.

& Following menopause, the incidence of liver damage increases
and women become less responsive to interferon-based ther-
apies for chronic HCV infection.

& Abstinence from alcohol and maintenance of a healthy weight
reduce the risk of liver disease progression in patients with
chronic HCV.

& Achieving a sustained virologic response before conception
may reduce substantially the risk of vertical HCV transmission;
however, current therapies carry risks of fetal malformation.

& Fertile women who receive pegylated interferon and ribavirin
should be counseled to use two forms of contraception. Be-
cause of drugYdrug interactions with estrogen-based oral
contraceptives, this form of birth control is unreliable inwomen
receiving telaprevir or boceprevir.
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enhanced response to interferon-based therapies and spontane-
ous resolution of HCV infection.13 A cohort study of Danish
injection drug users noted that women with favorable IL-28B
genotypes were six times as likely as women with unfavorable
genotypes to spontaneously clear HCV infection14; however,
even when controlling for the IL-28B genotype, women remain
more likely than men to spontaneously clear HCV infection.15

Women also manifest slower progression to two major
chronic HCV infection complications, cirrhosis and hepatocel-
lular carcinoma. In a cohort of 376 Irish women chronically
infected with HCV from contaminated anti-D immunoglobulin,
only 1.9% had progressed to histological cirrhosis after a mean
of 17 years following exposure.16 The low rate of fibrosis
progression was confirmed in a 25-year follow-up study of
167 women, of whom 1.2% developed histological cirrhosis.17

Male sex was identified as an independent risk factor for de-
veloping hepatocellular carcinoma in several studies.18,19 This
sex-specific predilection for complications of liver disease is
not completely understood. Some experts posit that higher
estrogen states exert a protective effect on the liver.20 Animal
models suggest that estrogen suppresses hepatic fibrosis,21Y23

and a recent in vitro study proposed that estrogen inhibits the
production of HCV virions.24 Multiparous women exhibit
lower stages of fibrosis than nulliparous women, and fibrosis
progression accelerates after menopause.25,26 In observational
studies, women who received hormone therapy (HT) appeared
to have a slower progression to fibrosis20; however, the benefits
of HT in women with HCV have not been established. HT
appears to be safe in women with liver disease when indicated
for other reasons.20

Modifiable Risks for Progression of
Liver Disease

Excessive alcohol intake accelerates the progression to HCV-
related cirrhosis. Studies demonstrate consumption of 930 g/day
increases the risk for cirrhosis in hepatitis C threefold.27 Current

guidelines stress the importance of abstinence from alcohol for
all patients with HCV.28 Accumulating evidence suggests that
women infected with HCVare more vulnerable than their male
counterparts to the effects of alcohol.20 A prospective study
illustrated that women who consumed 920 g/day doubled their
risk for increased fibrosis, whereas men required 930 g/day to
reach a similar risk increment.29 Healthcare providers should
encourage women with chronic HCV to abstain from alcohol
or, alternatively, to limit intake to an equivalent of 12 g/day
of ethanol.

Increased body mass index (BMI) also appears to ac-
celerate disease progression, regardless of sex. Multiple stu-
dies have illustrated an increased risk for progression of
liver disease in patients who are overweight (BMI Q 25 kg/m2)
or obese (BMI Q 30 kg/m2).30Y32 In a small prospective
study of patients with chronic hepatitis C, a mean body
weight reduction of 5.9 (T3) kg resulted in lower alanine ami-
notransferase levels and reduced levels of fibrosis on liver bi-
opsy33; thus, even modest weight loss may reduce the risk of the
progression of liver disease.

Effect of Sex and Age on
Treatment Response

The primary goal of treatment of HCV is the prevention of
cirrhosis and hepatocellular carcinoma by eradicating the virus.
The surrogate marker for viral eradication is a sustained viro-
logic response (SVR), defined as an undetectable serum HCV
viral load 6 months after completing therapy. Studies of hepatic
C therapeutics that examined SVR rates by sex reported con-
flicting findings. Overall, men and women appear to have equal
responses to pegylated interferon and ribavirin.34,35 When
stratified by age, however, SVR rates for women dramatically
decline with older age, a phenomenon that has not been ob-
served in men36Y38 (Table 1). Similar to their protective effects
on the progression of liver disease, higher estrogen states are
hypothesized to promote SVR.37 Studies of telaprevir or

Table 1. Studies that stratified sustained virologic response to interferon-based therapies by sex and age

Women Men

Study
Age

group, y
SVR,
% P

Age
group, y

SVR,
% P

Hayashi
et al36

G40 75 G0.0001 G40 33 G0.001

Q40 16 Q40 25

Sezaki
et al37

G50 71 0.03 G50 69 0.41

Q50 32 Q50 63

Villa
et al38

Premenopausal 68 G0.0001 G45 59 0.114

Postmenopausal 46 Q55 50

SVR, sustained virologic response.
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boceprevir in combination with pegylated interferon and riba-
virin illustrate equivalent response rates among men and women
with genotype 1 HCV39Y42 (Table 2). These studies did not
further stratify women by age, although in some studies older
age was associated with overall lower rates of SVR.35,43

Pregnancy and Breast-feeding
Women with advanced liver disease are at increased risk

for complications during pregnancy, but the effects of maternal
HCV infection on natal outcomes are less well defined.44 Re-
cent evidence suggests that HCV infection may increase the
risks for gestational diabetes, low birth weight, and neonatal
intensive care unit admission.45,46 Modifiable risk factors, such
as IDU and limited prenatal care, may be more prevalent in
patients with HCV,41 which could confound data on maternal
and fetal outcomes.

Pregnancy may improve the natural course of HCV infec-
tion. In the second and third trimesters, alanine aminotransferase
levels decrease, whereas serum levels of HCV RNA increase.47

This could imply that decreased hepatocyte damage, possibly
related to increased estrogen levels and/or placental interferon
production, occurs during pregnancy. Although alanine ami-
notransferase and HCV RNA serum concentrations return to
prepregnancy levels within several months of delivery, women
with multiple gestations do exhibit slower disease progression.21

Vertical transmission is the major cause of HCV infection
in children.45 MaternalYinfant transmission occurs in roughly
5% of cases in which the mother is infected with HCV,48 but
recommendations regarding prevention are limited by insuffi-
cient high-quality data. The timing of transmission also is poorly
understood; evidence exists for both in utero and transvaginal
transmission.49 Frequently identified risk factors for vertical
transmission are high maternal HCV viral load and human im-
munodeficiency virus (HIV) co-infection.50,51 Prolonged rupture

ofmembranes (96 hours) has been associatedwithmore frequent
perinatal transmission.50 In addition, some experts recommend
avoiding invasive procedures that promote fetal exposure to
maternal blood, such as fetal scalp monitoring.50,52 Elective
cesarean section has been proposed to reduce the risk of vertical
transmission53; however, this practice is not recommended for
women infected with HCV unless they are co-infected with
HIV.52 Some studies have reported that because an elevated se-
rum viral load increases the risk of transmission,50,51 women
who achieve remission from HCV before conception may
reduce their risk of transmitting the virus to their fetuses.

Although HCV RNA has been detected in breast milk and
colostrum,54 breast-feeding does not appear to be a primary route
ofmaternalYinfant HCV transmission.50,55 Some experts believe
that the quantity of virions in these bodily fluids is insufficient to
result in infection and that gastric acid exerts a protective effect.52

Mothers infected with HCVare encouraged to breast-feed in the
absence of other contraindications, such as HIV-1 co-infection,
but they should be counseled that there is limited study on this
topic.56 The Centers for Disease Control and Prevention propose
temporary interruption of breast-feeding when the mother has
cracked, bleeding, or traumatized nipples, which could increase
exposure of the infant to HCV.57

Antiviral Therapy in Women
Choosing when to initiate HCV therapy in women can be

challenging, particularly with regard to maternal age and family
planning. There is evidence that advanced age decreases the
likelihood of an SVR in womenmore so than in men.29,30 Given
the risk of vertical transmission, it may be preferable to complete
treatment in women of reproductive age before they conceive.
Because use of ribavirin is contraindicated in pregnancy, women
of childbearing agewho are considering therapy forHCV require
careful counseling regarding the potential danger to a child
conceived during the treatment period.

Although ribavirin has not been studied formally in human
gestation, several animal studies have demonstrated significant
embryocidal and teratogenic effects; as a result, ribavirin is
contraindicated duringpregnancy (pregnancy categoryX).58The
serum half-life of ribavirin is 12 days; the drug also is pooled in
erythrocyte populations, which can result in prolonged post-
administration exposure.59 Two forms of effective contracep-
tion are required during and 6 months following therapy with
ribavirin in women capable of conception.58 Women who are
capable of conception should be aware that if their male partners
are receiving ribavirin, then the use of two forms of contraception
during and 6 months after treatment is recommended. In ad-
dition, women of childbearing age should take a pregnancy
test before treatment initiation and submit to monthly preg-
nancy tests during the treatment period.58 Because ribavirin has
not been studied in human pregnancy, women inadvertently
exposed to ribavirin 6 months before or during pregnancy
should consider enrollment in the Ribavirin PregnancyRegistry
(www.ribavirinpregnancyregistry.com).

Table 2. Summary of SVR rates by sex for phase III
studies examining the addition of telaprevir or boceprevir
to pegylated interferon and ribavirin

Study Drug
SVR rate,
women (%)

SVR rate,
men (%)

Treatment naBve

ILLUMINATE39 Telaprevir 77/89 (87) 169/197 (86)

SPRINT-240 Boceprevir 181/284 (64) 294/450 (65)

Treatment experienced

REALIZE39,41 Telaprevir 103/158 (65) 247/372 (66)

RESPOND-242 Boceprevir 68/118 (60) 134/210 (63)

ILLUMINATE, Illustrating the Effects of Combination Therapy with Telaprevir;
REALIZE, Retreatment of Patients with Telaprevir-based Regimen to Optimize
Outcomes; RESPOND-2, Retreatment with HCV Serine Protease Inhibitor
and PegIntron/Rebetol 2; SPRINT-2, Serine Protease Inhibitor Therapy-2;
SVR, sustained virologic response.
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The effects of interferon on the fetus are uncertain (preg-
nancy category C). Interferon-> does not appear to cross the
placental barrier or demonstrate teratogenic effects.60 Case
studies of pregnantwomenwith leukemia have not demonstrated
fetal malformation associated with interferon use, but intra-
uterine growth retardation has been observed in this setting.61

Boceprevir and telaprevir have been assigned to pregnancy
category B by the Food and Drug Administration; however,
these medications are administered exclusively with ribavirin
and pegylated interferon->, precluding any use during preg-
nancy. Both drugs are potent CYP3A4 substrates and in-
hibitors, resulting in many potentially dangerous interactions
with other drugs, including oral contraceptives. Telaprevir
and boceprevir may cause systemic hormonal contraceptives
to be unreliable during concurrent administration.62,63 Dros-
perinone concentrations double in the presence of boceprevir,
contraindicating coadministration because of concern for poten-
tiating hyperkalemia.63 Barrier methods and intrauterine devices
are the preferred methods of contraception in women receiving
boceprevir or telaprevir in combination with pegylated inter-
feron-> and ribavirin.55,56 Given the wide range of drugYdrug
interactions involving these agents, close review of package in-
serts or consultation with a clinical pharmacist is recommended
in patients receiving concomitant medications during therapy.64

Conclusions
The natural history of HCV infection differs between

women andmen.Women are more likely thanmen to clear acute
HCV infection.With chronic HCV infection, women experience
a slower progression to cirrhosis and are less likely than men to
develop hepatocellular carcinoma. Accelerated disease pro-
gression occurs in postmenopausal women; older women also
have lower rates than younger women of SVR to pegylated in-
terferon and ribavirin. Infected women of childbearing age
shouldbe educated about the risks of perinatalHCV transmission
and the potential teratogenicityof current treatment regimens.All
women with HCV should be counseled on the effects of alcohol
and obesity on the progression of liver disease.

References
1. Armstrong GL, Wasley A, Simard EP, et al. The prevalence of hepatitis C

virus in the United States, 1999 through 2002. Ann Intern Med 2006;144:
705Y714.

2. Liang TJ, Rehermann B, Seeff LB, et al. Pathogenesis, natural history,
treatment and prevention of hepatitis C. Ann Intern Med 2000;132:
296Y305.

3. Alter MJ, Kruszon-Moran D, Nainan OV. The prevalence of hepatitis C
virus infection in the United States, 1989Y1994. N Engl J Med 1999;
341:556Y562.

4. Armstrong GL. Injection drug users in the United States, 1979Y2002, an
aging population. Arch Intern Med 2007;167:166Y173.

5. Oh DJ, Park YM, Seo YI, et al. Prevalence of HCV infections and
distributions of HCV genotypes among Korean blood donors. Ann Lab
Med 2012;32:210Y215.

6. Vescio MF, Longo B, Babudieri S, et al. Correlates of hepatitis C virus
seropositivity in prison inmates: a meta-analysis. J Epidemiol Community
Health 2008;62:305Y313.

7. Viitanen P, Vartiainen H, Aarnio J, et al. Hepatitis A, B,C and HIV
infections among Finnish female prisonersVyoung females a risk
group. J Infect 2011;62:59Y66.

8. Thorpe LE, Ouellet LJ, Levy JR, et al. Hepatitis C virus infection:
prevalence, risk factors, and prevention opportunities among young
injection drug users in Chicago, 1997Y1999. J Infect Dis 2000;182:
1588Y1594.

9. Evans J, Hahn J, Page-Shafer K, et al. Gender differences in sexual and
injection risk behavior among active young injection drug users in San
Francisco (the UFO study). J Urban Health 2003;80:137Y146.

10. Thorpe LE, Ouellet LJ, Hershow R, et al. Risk of hepatitis C virus
infection among young adult injection drug users who share injection
equipment. Am J Epidemiol 2002;155:645Y653.

11. Bennett GA, Velleman RD, Barter G, Bradbury C. Gender differences in
sharing injecting equipment by drug users in England. AIDS Care
2000;12:77Y87.

12. Micallef JM, Kaldor JM, Dore GJ. Spontaneous viral clearance following
acute hepatitis C infection: a systematic review of longitudinal studies.
J Viral Hepat 2006;13:34Y41.

13. Thomas DL, Thio CL, Martin MP, et al. Genetic variation in IL28B and
spontaneous clearance of hepatitis C virus. Nature 2009;461:798Y801.

14. van der Berg CHBS, Grady BPX, Schinkel J, et al. Female sex and IL28B,
a synergism for spontaneous viral clearance in hepatitis C virus (HCV)
seroconverters from a community-based cohort. PLoS One 2011;6:e27555.

15. Rao HY, Sun DG, Jiang D, et al. IL28B genetic variants and gender are
associated with spontaneous clearance of hepatitis C virus infection.
J Viral Hepat 2012;19:173Y181.

16. Kenny-Walsh E. Clinical outcomes of hepatitis C infection from con-
taminated anti-D immune globulin. N Engl J Med 1999;340:1228Y1233.

17. Levine RA, Schuyler OS, Ploutz-Snyder R, et al. Assessment of
fibrosis progression in untreated Irish women with chronic hepatitis C
contracted from immunoglobulin anti-D. Clin Gastroenterol Hepatol
2006;2006:1271Y1277.

18. Sangiovanni A, Prati GM, Fasani P, et al. The natural history of com-
pensated cirrhosis due to hepatitis C virus: a 17-year cohort study of 214
patients. Hepatology 2006;43:1303Y1310.

19. Sarbah S, Gramlich T, Younoszai A, et al. Risk factors for hepatocellular
carcinoma in patients with cirrhosis. Dig Dis Sci 2004;49:850Y853.

20. Codes L, Aselah T, Cazals-Hatem D, et al. Liver fibrosis in women with
chronic hepatitis C: evidence for the negative role of menopause and
steatosis and the potential benefit of hormone replacement therapy. Gut
2007;56:390Y395.

21. Xu J-W, Gong J, Chang XM, et al. Effects of estradiol on liver estrogen
receptor-> and its mRNA expression in hepatic fibrosis in rates. World J
Gastroenterol 2004;15:250Y254.

22. Xu JW, Gong J, Chang XM, et al. Estrogen reduces CCL4- induced liver
fibrosis in rats. World J Gastroenterol 2002;8:883Y887.

23. Liu QH, Li DG, Huang X, et al. Suppressive effects of 17beta-estradiol on
hepatic fibrosis in CCl4-induced rat model. World J Gastroenterol
2004;10:1315Y1320.

24. Hayashida K, Shoji I, Deng L, et al. 17A-estradiol inhibits the production
of infectious particles of hepatitis C virus. Microbiol Immunol 2010;
54:684Y690.

25. Martino VD, Lebray P, Myers RP, et al. Progression of liver fibrosis in
women infected with hepatitis C: long-term benefit of estrogen exposure.
Hepatology 2004;40:1426Y1433.

26. Poynard T, Mathurin P, Chin-Lung L, et al. E. A comparison of fibrosis
progression in chronic liver disease. J Hepatol 2003;38:257Y265.

27. Bellentani S, Pozzato G, Saccoccio G, et al. Clinical course and risk factors
of hepatitis C virus related liver disease in the general population: report
from the Dionysos study. Gut 1999;44:874Y880.

Review Article

Southern Medical Journal & Volume 106, Number 7, July 2013 425

Copyright © 2013 The Southern Medical Association. Unauthorized reproduction of this article is prohibited.



28. Ghany MG, Strader DB, Thomas DL, Seeff LB. Diagnosis, management,
and treatment of hepatitis C: an update. Hepatology 2009;49:1335Y1374.

29. Hezode C, Lonjon I, Roudot-Thoraval F, et al. Impact of moderate alcohol
consumption on histological activity and fibrosis in patients with chronic
hepatitis C and specific influence on steatosis: a prospective study. Aliment
Pharmacol Ther 2003;17:1031Y1037.

30. Hu K-Q, Kyulo NL, Esrailian E, et al. Overweight and obesity, hepatic
steatosis, and progression of chronic hepatitis C: a retrospective study
on a large cohort of patients in the United States. J Hepatol 2004;40:
147Y154.

31. Ortiz V, Berenguer M, Rayon JM, et al. Contribution of obesity to hepatitis
C-related fibrosis progression. Am J Gastroenterol 2002;97:2408Y2414.

32. Hu SX, Kyulo NL, Xia VW, et al. Factors associated with hepatic fibrosis
in patients with chronic hepatitis C: a retrospective study of a large cohort
of U.S. patients. J Clin Gastroenterol 2009;43:758Y764.

33. Hickman IJ, Clouston AD, Macdonald GA, et al. Effect of weight
reduction on liver histology and biochemistry in patients with chronic
hepatitis C. Gut 2002;51:89Y94.

34. McHutchison JG, Lawitz EJ, Shiffman ML, et al. Peginterferon alfa-2b or
alfa-2a with ribavirin for treatment of hepatitis C infection. N Engl J Med
2009;361:580Y593.

35. Fried MW, Shiffman M, Reddy R, et al. Peginterferon alfa-2a plus
ribavirin for chronic hepatitis C virus infection. N Engl J Med 2002;
347:975Y982.

36. Hayashi J, Kishihara Y, Ueno K, et al. Age-related response to interferon
alfa treatment in women vs men with chronic hepatitis C virus infection.
Arch Intern Med 1998;158:177Y181.

37. Sezaki H, Suzuki F, Kawamura Y, et al. Poor response to pegylated
interferon and ribavirin in older women infected with hepatitis C virus
of genotype 1b in high viral loads. Dig Dis Sci 2009;54:1317Y1324.
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