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ARTICLE INFO ABSTRACT

Article type: Background: Thyroid dysfunction (TD) represents an extra-hepatic manifestation of chronic

Original Article hepatitis C (CHC) and it may also be a side effect of interferon-alpha (IFN-o.) based treatment.
However, previous studies have shown a wide variation in the incidence of TD in patients with

Article history: CHC. Furthermore, the long-term outcomes and the predictive factors of TD in patients who

Received: 17 May 2012 receive IFN-obased treatment have still not been fully studied.

Revised: 13 Jun 2012 Objectives: The purpose of this study was to describe the incidence and long-term outcomes

Accepted: 30 Jun 2012 of TD in Chinese patients with CHC receiving IFN-abased treatment. We also aimed to identify
the predictive factors of TD associated with this type of therapy.

Keywords: Patients and Methods: Aretrospective case-series study of 592 consecutive CHC patients with

Hepatitis C normal baseline thyroid functions, who received IFN-abased therapy, was performed. Thyroid

Interferon-Alpha function was assessed at baseline and every three months during treatment, as well as in the

follow-up after cessation of therapy. The incidence and long-term outcomes of TD were ob-
served. The prevalence of pretreatment thyroid peroxidase antibodies (TPOAb) were assayed
in a sex- and age-matched nested case-control study. Multivariable stepwise regression analy-
sis was used to explore the independent effects of the baseline factors, on the incidence of TD.
Results: At the end of the IFN-abased therapy, 68 patients (11.5%) in the study had developed
TD, 58 patients (85.3%) presented with subclinical TD, and only 10 patients (14.7%) developed
overt thyroiditis. The thyroid function of 46 patients (67.8%) spontaneously returned to nor-
mal in the six months of follow-up and only three patients (4.4%) had persistent overt TD
symptoms after the 24 month follow-up period. Multivariate stepwise analysis suggested that
gender and pretreatment TPOAb were the independent factors related to the incidence of TD.
Both female patients (OR, 4.31; 95%CI, 2.06-7.31; P=1.26x10-4) and participants with a positive
pretreatment TPOAb (OR = 3.9, 95%ClI, 1.72-8.54, P= 0.008) had an increased risk for the devel-
opment of TD.
Conclusions: The incidence of TD in Chinese patients with CHC during IFN-abased therapy
was 11.5%, the majority of which was subclinical, while only a very small group had long-term
overt TD requiring ongoing medical therapy. Female gender and pretreatment TPOAD positiv-
ity are risk factors for the development of TD during [FN-obased therapy.
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1. Background

Globally, the hepatitis C virus (HCV) has infected an esti-
mated 170 million people, most of whom are chronically
infected with a high risk of cirrhosis and hepatocellular
carcinoma and they serve as a reservoir for transmission
to others (1, 2). Interferon-alpha (IFN-a) based antivirus
therapy, regular IFN-a or pegylated interferon alfa (Peg-
IEN-a), in combination with ribavirin or alone, is recog-
nized as being a highly effective treatment for patients
with chronic hepatitis C (CHC).This therapy results in a
sustained virologic response (SVR) in 40-50% of patients
with genotype 1, and around 80% in those infected with
genotype 2 and 3 (3, 4). Despite their favorable efficacy,
these IFN-obased regimens are also accompanied by
many well-known adverse effects, including; fever, de-
pression, anemia, neutropenia, thrombocytopenia and
endocrine side effects (5-7). The most commonly docu-
mented endocrine side effect of these IFN-abased regi-
mens, outside of the liver, is the production of autoan-
tibodies and the development of thyroid dysfunction
(TD) (8-10). The mechanisms involved in TD still remain
unclear. It has been argued that virus-factors especially
HCV itself, may predispose patients to the development
of TD, although it must be noted that some patients with
CHC may have experienced thyroid problems before
treatment. TD is less likely to develop in patients with
a chronic hepatitis B infection, who are treated with in-
terferon alpha than in a CHC virus infection, despite the
use of higher doses of interferon alpha for the treatment
of hepatitis B virus (HBV) (11). In addition, IFN-o does not
usually predispose patients to the development of TD
during or after treatment. In that case, a HCV infection
and IFN-a may play a synergistic role in inducing thyroid
disease during antiviral therapy. Research suggests that
IFN-0. induces an autoimmune reaction that leads to the
development of anti-thyroid antibodies and subsequent
TD (10). Furthermore, IFN-a has direct inhibitory effects
on thyroid hormone synthesis, release and metabolism,
as well as abnormal expression of major histocompatibil-
ity antigens on thyroid cells (12). Apart from IFN-o, there
are also data suggestive of immune modulatory effects of
ribavirin on the thyroid gland (13, 14). In addition, a dis-
tinct effect of IFN-a therapy on intra thyroidal organifica-
tion of iodine is suggested to cause TD (10, 15). Previous
studies have shown a wide variation of TD incidence in
patients with CHC during and after IFN-abased therapy;,
at a rate of 2.5% to 35% in different countries (16-28). This
variability can be attributed either to an underestima-
tion of the true prevalence of TD or to the diverse genetic
predisposition of the subjects (29). Differing definitions
of TD used in different studies may also play a role in the
TD described. The spectrum of TD involves hypothyroid-
ism and hyperthyroidism. It can also be subclinical or
overt. However, the long-term outcomes of TD after IFN-
abased therapy remain controversial. Some reports have
shown reversible TD in all patients (30, 31), while others

show only partial reversibility by the end of follow-up (11,
20, 32-35). Previous studies have also shown that IFN-o re-
lated TD is associated with female gender, the presence
of thyroid autoantibodies, and an oriental background
(11, 36, 37). It has been shown that the emergence of thy-
roid autoantibodies, such as thyroid peroxidase anti-
body (TPOAb), may predict a possible underlying autoim-
mune process and they are useful indicators of present
or future TD. However, there have only been a few reports
addressing the predictive role of autoantibodies on the
occurrence of TD in CHC patients receiving IFN-ubased
therapy (20, 26, 33, 38, 39).

2. Objective

Reports about the incidence, long-term outcomes and
predictive factors of TD in Chinese populations with CHC
treated with IFN-a are scarce, except for two studies from
Taiwan (20, 22). The purpose of this study was to describe
the incidence and long-term outcomes of TD in Chinese
patients with CHC receiving IFN-obased treatment. We
also aimed to identify the predictive factors of TD asso-
ciated with IFN-obased therapy on CHC. For this purpose
we conducted a prospective cohort study in a single cen-
ter. We also conducted a nested case-control study in or-
der to estimate the role of TPOAD in predicting the risk of
TD development.

3. Patients and Methods
3.1. Study Participants

Atotal of 674 individuals with a HCV infection who were
registered and followed-up at the Department of Infec-
tious Diseases of Southwest Hospital (the largest hepatol-
ogy center in southwest China, which treats approximate-
ly 2500 inpatients and 75 000 outpatients per year) from
January 2004 and June 2011 were included in the primary
selection. All subjects provided their informed consent to
participate in the study, as approved by the Ethical Com-
mittee of the Southwest Hospital, Chongqing, China. Pa-
tients with the following conditions were excluded; (i)
coinfection with human immunodeficiency virus (HIV)
or HBV, (ii) peripheral blood leukocyte count <3x109/L or
platelet count <70x109/L or hemoglobin level lower than
100 gL, (iii) pregnancy and lactation, (iv) concomitant
serious medical illnesses, such as; malignancy, severe
cardiopulmonary disease, or uncontrolled diabetes mel-
litus. The diagnosis of CHC was made by a persistent or
intermittent elevation of alanine aminotransferase (ALT,
the upper limit of normal ALT is 40 IU/L) over a six-month
period, anti-HCV positivity and detection of HCV-RNA in
the sera. Finally, a total of 592 consecutive patients (the
participation rate was 87.8%) with CHC and normal base-
line thyroid functions were enrolledin this prospective
cohort study. The baseline characteristics, routine labora-
tory data and virological information of the 592 patients
were collected from clinical records and short telephone
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interviews when necessary. Among them, 323 patients
(54.6%) were male and 269 patients (45.4%) were female,
their ages ranged from 19 to 58 years with a mean age (£
SD) of 39.2 (+10.3) years. TSH, FT4 and FI3 levels before an-
tiviral treatment were known for all of the study partici-
pants and these were within normal ranges.

3.2. IFN-aBased Therapy and Assessment of Response to
Therapy

Three kinds of IFN-abased therapy regimen; regular
IFN-a. monotherapy, regular IFN-o plus ribavirin, and Peg-
IFN-a. combined with ribavirin, were received by patients
for a period of 24 to 48 weeks according to their HCV gen-
otype(48 weeks for patients infected with HCV genotype
1, and 24 weeks for patients infected with HCV genotype
2,3 and 6). The dosage of regular IFN-a ranged from 3 to
5 MU twice weekly. The dose of Peg-IFN-0-2a was 180ug or
135ug once a week, and that of Peg-IFN-0-2b was 50ug or
100pg, also administered once a week. Eighty-eight of the
592 patients received IFN-a monotherapy, while ribavirin
was co-administered in 504 patients at a daily dose of 600
to 1200 mg, according to their bodyweight. Of the 504
patients, 161 patients received regular IFN-o plus ribavi-
rin therapy, while 343 patients received the combination
therapy with Peg-IFN-o plus ribavirin. The duration of
follow up was calculated as the time from the initiation
of therapy until the last time that the patient was seen
at the outpatient clinic. Dose adjustments or therapy
interruptions were made according to the specific char-
acteristics of each individual patient and on specialists’
recommendations. In cases of permanent thyrotoxicosis
(in particular Graves’ disease), IFN-abased therapy was
discontinued.

3.3 Laboratory Tests and Thyroid Function Assessments

All patients were evaluated; clinically, hematologically,
biochemically and serologically at baseline. Routine bio-
chemical and hematological tests were performed using
automated techniques. HCV antibodies were detected
using third generation commercial enzyme linked im-
mune sorbent assay kits, INNO-LIA HCVAD III update Im-
muno Assay (LIA, Innogenetics s.r.l., Gent, Belgium). The
HCV RNA load was tested on the seroreactive samples
using quantitative real-time polymerase chain reaction
(PCR) (ABI Prism 7000, Applied Biosystem, Foster City,
CA). HCV genotype was determined as described in our
previous research, by direct sequencing of the nested
PCRwith two sets of conserved primers deduced from the
core-envelopel (CE1) region of the HCV genome (40). Thy-
roid function tests, including serum thyrotropin (TSH),
total thyroxine (TT4) and free thyroxine (FT4), total triio-
dothyronine (TT3) and free triiodothyronine (FT3) were
performed by an ultrasensitive immune chemilumines-
cent non-competitive assay (ICMA) (Immnulite 2500 DPC,
USA). TD was defined as any value of these markers (TSH,
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TT3, FT3, TT4 and FT4) which was greateror less than the
normal values. The four types of TD recognized in our
study were defined as follows; (i) subclinical hyperthy-
roidism, TSH < 0.3mIU/L accompanied with normal FT4
and FT3; (ii) overt hyperthyroidism, TSH < 0.3mIU|L ac-
companied with increased FT4 or FT3; (iii) subclinical hy-
pothyroidism, TSH > 5.0mIU/L accompanied with normal
FT4 and FT3; (iv) overt hypothyroidism, TSH > 5.0mIU/L ac-
companied with decreased FT4. Thyroiditis was defined
as hyperthyroidism or subclinical hyperthyroidism di-
agnosed initially, which subsequently converted to hy-
pothyroidism or subclinical hypothyroidism during fol-
low-up. All patients with TD were followed-up by means
of TSH (FT4 and FI3 when available) along with clinical
assessment for a period of three months to six years after
discontinuation of the therapy. Patients received drug re-
placement therapy for TD when TSH >10mIU/L.

Since the TPO antibody status of the patients were not
prospectively tested at baseline in our study, we per-
formed laboratory tests of the pretreatment TPOAb using
stored frozen sera obtained before the disease developed
in our nest-case control study. A conventional case-con-
trol approach was used to select sex- and age-matched
cases and controls in the retrospective cohort. The nest-
case control study was economical and produced data
capable of indicating a good causal relationship. TPOAb
was measured using these stored sera by a micro-en-
zyme immunoassay method (Roch, USA) and an elevated
TPOAD up to 60 IU/L was defined as being TPOAD positive.

3.4 Statistical Analysis

Statistical analysis was performed using SPSS software
(version 9.0; SPSS Inc, Chicago, IL). Quantitative variables
were expressed as mean + standard deviation when the
data was normally distributed, while variables were ex-
pressed as a median (range) when the data was not in a
normal distribution. Quantitative variables were com-
pared by a Student’s test. Frequencies were calculated
for categorical variables. The y2 test was used, with Yates’
correction where applicable, to compare categorical vari-
ables. Univariable logistic regression analysis and multi-
variable logistic stepwise regression analysis were used to
explore the independent effect of the baseline factors on
the incidence of TD, with the difference between groups
reported with 95% confidence intervals (CIs). A 2-sided P
value less than 0.05 was considered to be significant.

4. Results
4.1. Incidence and Long-Term Outcome of Thyroid Dys-
function

At the end of IFN-obased therapy, 68 patients (11.5%) out
of the total study group developed biochemical TD (TSH
<03 or>5.0 mIU/L), 47women and 21 men were affected.

The time in which themajority of TD onset cases occurred
in our study was before the 6th month after initiation of
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Table 1. Sexand Age-Matched Nested Case-Control Study of Thyroid Dysfunction in Chronic Hepatitis C Patients Received IFN-a-Based Therapy

ALTlevel , IU | L, median (range) 152 (69-267)
HCVRNA, IU/mL x103, median (range) 625 (0.20-14200)
Diagnosis, No. (%)

CHC without cirrhosis 43(63.2)

LC 25(36.8)
HCV genotype, No. (%)

Type 1b 36(52.9)
Non-type 1 (Type 2/3/6) 32(47.1)
IEN-a- based therapy type, No. (%)

Regular IFN-o monotherapy 7(10.3)
Regular IFN-a + ribavirin 14 (20.5)
Peg-IFN-a + ribavirin 47(69.1)
Pretreatment TPOADb, No. (%)

Positive 15 (22.1)
Negative 53(77.9)

171(56-301) 0.238P
607(0.30-1250) 0.553P
0.598 €
40 (58.8)
28 (41.2)
0.605°¢
39 (57.4)
29 (42.6)
0.463 ¢
5(7.4)
13(19.1)
50 (73.5)
0.007°¢
4(5.9)
64 (94.1)

Abbreviations: ALT, alanine aminotransferase; CHC, chronic hepatitis C;HCV, hepatitis C virus; IFN-o, interferonalpha; LC, liver cirrhosis;Peg-IFN-q, pe-
gylated interferonalpha;TD, thyroid dysfunction;TPOAD, thyroid peroxidase antibody.

4 Pvalue was given for the comparison between patients without TD and patients with TD by a Student’s t-test.

b pyalue was given for the comparison between patients without TD and patients with TD by a y test.

IFN-abased HCV treatment. Of the 68 cases with TD, 39
patients (57.4%) developed TD in the first three months,
21 patients (30.9%) in the following three months, while
only eight patients (11.8%) developed TD in the final six
months after initiation of IFN-abased HCV treatment. The
cumulative incidence at three, six and 12 months after ini-
tiation of IFN-abased HCV treatment was 6.6%, 10.1% and
11.5%, respectively. Of the 68 cases with TD, thirty patients
(44.1%) developed an initially suppressed serum TSH con-
centration (< 0.3 mIU/L), while 38 patients (55.9%) devel-
oped an elevated serum TSH (> 5.0 mIU/L). Transient and
subclinical TD accounted for 85.3% of all TD observed and
only 10 patients (14.7%) presented with overt thyroiditis.
Among the 30 patients with hyperthyroidism, 26 patients
(86.7%) had transient thyroiditis and presented with
subclinical hyperthyroidism, while only four patients
presented with overt hyperthyroidism. A total of 38 pa-
tients with hypothyroidism, and 32 hypothyroid subjects
(84.2%) experienced a transient episode and subsequent-
ly presented with subclinical hypothyroidism, while only
six patients developed overt hypothyroidism, requiring
levothyroxine replacement therapy. All of the 68 patients
with biochemical TD were followed-up after cessation of
[FN-obased therapy. The mean follow-up period was 36
months (ranging from 6 to 96 months). The thyroid func-
tion of 46 patients (67.8%) became normal spontaneously
in the six month follow-up period after the cessation of
[FN-abased therapy. Among the 22 persistent TD patients
(32.4%), except for one patient who had not finished the
12 month follow-up, five patients became normal spon-
taneously and two cases became normal by receiving

antithyroid drugs in the 12 month follow-up. Among the
remaining 14 patients with TD, three patients had not fin-
ished the 24 month follow-up and 11 were followed up at
least 24 months later. At the 24 month follow-up after ces-
sation of combination therapy, three patients had recov-
ered from their biochemical thyroid function by receiv-
ing antithyroid drugs, while persistent biochemical TD
was found in only eight patients. In these eight patients,
five patients had asymptomatic TD, including subclinical
hyperthyroidism in two patients and subclinical hypo-
thyroidism in three patients. Of the remaining three pa-
tients, two patients who had been diagnosed with Graves’
disease had symptomatic hyperthyroidism and received
antithyroid drugs and one patient was diagnosed with
Hashimoto thyroiditis which manifested as symptom-
atic and theyreceived a thyroxine supplement.

4.2. Prediction of Thyroid Dysfunction

The mean age of patients developing TD (41.4 + 9.5 y)
and those remaining euthyroid (38.9 * 11.4 y) during
treatment in the total population were similar (P=0.823).
There were no significant differences between patients
with TD and those without TD in respect to their; ALT lev-
els, HCV RNA levels, cirrhosis status and TSH levels (all P>
0.05). Between patients with and without TD, statistically
significant differences were observed with respect to gen-
der. The incidence of TD in women (47 of 269, 17.5%) was
higher than that in men (21 of 323, 6.5%; P=3.07x10-5). The
patients known to have HCV genotypes 1, 2, 3 and 6 had
similar incidences of developing TD (12.3%, 9.7%, 11.8% and
9.4%, respectively, P = 0.856). No significant difference
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was found for each of the HCV genotypes (all P > 0.05).
The incidence rate of TD in patients infected with geno-
type 1(12.3%) seemed higher than that found in patients
infected with genotypes 2, 3 and 6 (10.7%), but the differ-
ence was not statistically significant (P = 0.546). Seven
of the 88 patients (8.0%) who had received regular IFN-a
monotherapy developed TD, while 14 out of 163 patients
(8.6%) who received regular IFN-o plus ribavirin combina-
tion therapy and 47 of 341 patients (13.8%) who received
Peg-IFN-a plus ribavirin combination therapy also devel-
oped the condition. There were no significant differences
for the incidence rates of TD among the three IFN-abased
therapy regimens (P = 0.145). However, a borderline sig-
nificant difference (P = 0.047) was observed when com-
paring the incidence rate of TD between the patients
who received regular IFN-o-based therapy (8.4%) and the
patients receiving Peg-IFN-obased therapy (13.7%). In a
univariable logistic regression analysis of factors associ-
ated with TD during IFN-abased therapy; gender, age, HCV
genotype, cirrhosis, and regimen of IFN-o-based therapy
were analyzed; only gender was significantly associated
enough to justify an inclusion in the equation(OR, 3.64;
95%Cl, 1.7-5.8, P= 0.0001).We also conducted multivariate
stepwise analysis, included in the model were the follow-
ing preselected variables; gender (male vs. female), age
(aged <40yearsvs. =40 years), HCV genotype (genotype
1vs.2[3 and 6), absence of cirrhosis (with vs. without) and
IFN-abased therapy (regular IFN-obased therapy vs. Peg-
IFN-abased therapy). According to multivariate stepwise
analysis, again, gender was the only independent factor
thatrelated to the incidence of TD and female gender was
also significantly associated with the incidence of TD (OR,
4.31;95% Cl, 2.06-7.31; P=1.26x10-4).

4.3. Sex-and Age-Matched Nested Case-Control Study

To assess the implications of thyroid autoantibodies in
the prediction of TD, we performed a sex-and age-matched
nested case-control study and assayed serum thyroid au-
toantibodies before treatment. The results of our nested
case-control study are shown in Table 1 (47 women and 21
men in both groups). The mean age of the case (41.4 £ 9.5
years) and control (42.1 + 10.4 years) groups was compa-
rable (P = 0.973). Overall, the prevalence of pretreatment
TPOAb was 14.0% (19 of 136). In univariate analysis, there
were significantly higher (nearly fourfold) positive rates
of pretreatment TPOAb in patients with TD (22.1%, 15 of
68) when compared with patients without TD (5.9%, 4 of
68) (P =0.007). We also performed a multiple logistic re-
gression analysis that included; age, HCV-RNA levels, HCV
genotype, cirrhosis, regimens of IFN-abased therapy, and
pretreatment TPOAb, we found that pretreatment TPOAb
was the only independent factor that was associated with
the development of TD (OR = 3.9, 95% CI = 1.72-8.54, P =
0.008).
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5. Discussion

Previous studies have shown that the incidence of TD
associated with IFN-abased therapy differs markedly be-
tween countries (16-28, 32, 35, 39, 41-46), with the lowest
incidence described in Brazil and the highest was found
in Poland in studies of adult subjects (43, 45). In the pres-
ent study of a large Chinese cohort, the incidence of TD
during IFN-abased therapy for patients with CHC was
11.5%. The incidence of TD in our study is higher than the
mean incidence (approximately 6%) reported in a meta-
analysis study (10), but similar to the incidence of the
study from Taiwan (22). The percentage of hypothyroid-
ism (55.9%) was higher than that of hyperthyroidism
(44.1%) as well as in most previous studies (22, 26, 34, 47).
However, a study from southern Taiwan also found that
the predominant type of TD during IFN-obased therapy
was hyperthyroidism (48). In our study, over half of the
patients with TD (57.4%) developed TD in the first three
months and the majority (88.2%) developed TD in the first
six months after initiation of IFN-abased HCV treatment.
This result is different to data from a Greek study (26). We
think there are some possible reasons for the variability
of TD incidence and manifestation among different pop-
ulations. First, the diverse genetic predisposition of the
subjects may be one of the dominant factors attributed
to the variability of TD incidence. For example, recent
studies from Australia and the United Kingdom demon-
strate that Asian ethnicity is an independent risk factor
for the development of TD with a higher incidence than
other ethnicities while on IFN-abased therapies (17, 21).
Second, iodine status in different cohorts studied may
also play a role in the variation in TD described. The dif-
ferent manifestation of TD can be further explained by
variations in dietary iodine intake in the populations
studied. In general, high iodine intake is associated with
hypothyroidism, whereas low iodine intake is related to
hyperthyroidism (49). Third, differing definitions of TD
used in different cohort studies may overrate or underes-
timate the true prevalence of TD. The outcome of patients
with TD in previous studies and data are controversial. In
some reports, they did not use a long enough follow-up
period to fully evaluate thyroid function after treatment,
some showed reversible TD in all patients (30, 31), while
others showed only partial reversibility by the end of
follow up (11, 20, 32-35). Even in the studies with a long-
term follow-up to 24 months, the long-term outcomes of
patients with TD remain controversial. Long-term follow-
up in two studies demonstrated that a small group of pa-
tients had developed chronic thyroiditis and subclinical
hypothyroidism, but no patients displayed overt TD by
the end of follow-up (36, 38). However, a recent study with
long-term follow-up showed that more than half of the
patients with IFN-e-induced TD develop permanent thy-
roid disease(26). We also evaluated the thyroid function
of patients with TD in a long follow-up period after dis-
continuation of antiviral treatment. In the present study;,
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thyroid function of more than half of the patients (67.8%)
became normal spontaneously in the six month follow-
up after cessation of IFN-abased therapy and only eight
patients (11.8%) were affected by biochemical TD at the 24
month follow-up after cessation of therapy.

The causes for the different outcomes in various stud-
ies are still unknown, ethnic, environmental and genetic
predisposition may also have played a role. In our study;,
age and HCV genotype were demonstrated to be of little
use in the prediction of TD incidence, which is similar
to most previously studies(17, 21, 22, 33), but there is no
consensus in some of the other studies(25, 48). Panva et
al. observed a higher prevalence of HCV genotype 1in pa-
tients who developed TD (25). In the study by Hsieh et al.,
mixed genotypes of CHC were related to IFN-o-induced
TD in univariate analysis, but these were not significant
in multivariate analysis (48). They suggested that a por-
tion of the HCV genome could share a partial sequence
homology in a few amino acid segments with thyroglob-
ulin and microsome, rendering HCV patients susceptible
to autoimmune thyroid diseases. This hypothesis could
explain the relationship between viral genotype and the
predisposition to developing thyroid diseases in patients
infected by virus C genotype 1, but this was not verified
in our patient population. However, we should note that
the number of patients enrolled in a study is crucial in
order to investigate significant correlations. Theoreti-
cally, the HCV genotypes with lower frequencies in the
cohort may be under-represented in a small sample and
the true incidence of TD in patients with these genotypes
may be higher than observed. Thus, another possible rea-
son for the differences in the relationship with the HCV
genotype, may be the relative number of subjects repre-
senting each of the various HCV genotypes in different
studies, as the HCV genotype has also been shown to have
unique patterns of geographic distribution(40).

To date, only a few studies have evaluated the incidence
of TD in HCV infected patients treated with different IFN-
abased therapy regimens. Previous research has found
that the mean incidence of TD in patients treated with in-
terferon alpha and ribavirin combination therapy (12.1%)
is higher than in those treated with interferon alone
(6.6%) (50). In the present study, although a borderline
significant result (P=0.048)was observed, when compar-
ing the incidence rate of TD between the patients who re-
ceived regular IFN-abased therapy (8.4%) and the patients
who received Peg-IFN-obased therapy (13.7%), there was
no significant difference in the incidence of TD among
those treated with the three different IFN-abased therapy
regimens. Furthermore, in logistic regression analysis
or multivariate stepwise analysis, the type of IFN-abased
therapy regimens was not the independent factor asso-
ciated with the development of TD. Our results are iden-
tical to the study from Taiwan (22), which suggests that
ethnic and genetic predisposition may play an important
role in the incidence of TD.

In the present study, gender was an independent fac-
tor in predicting the occurrence of TD, and females had
an increased risk for the development of TD during IEN-
abased therapy. Many studies have reached similar con-
clusions(11, 17, 21, 22, 33, 48), although some studies did
not find this correlation of gender with TD (51-53). Since
immune reactivity is greater in females than in males
and sex hormones influence the onset and severity of
immune-mediated pathological conditions, we think
that the hormonal status of females might be one of the
possible causes that females appear to be more suscep-
tible to IFN-asinduced TD than males. Earlier evidence
has suggested that the sex hormones not only act via the
thymus gland, but also influence the immune system
by acting on several non-classic target sites including
the thyroid (54). We found that the pretreatment TPOAb
was the independent factor associated with the develop-
ment of TD and patients testing positive for pretreatment
TPOAD had a 3.9 fold higher risk of developing TD. This
result is in agreement with previous reports (17, 20, 26,
38, 51, 55). TPO antibody status findings support a strong
foundation for an immunological basis for the develop-
ment of TD during IFN-abased therapy. The hepatitis C
virus itself has been hypothesized to have direct effects
on thyrocytes and induce thyroid autoantibody produc-
tion (56). Furthermore, IFN-a activates lymphocytes lead-
ing to increased cytokine production, and the induction
of thyroid autoantibodies (29). In conclusion, our study
has found that the incidence of TD in a Chinese cohort of
patients with CHC during IFN-abased therapy was 11.5%,
the majority of which was subclinical. Long-term thyroid
function of the majority of patients may become normal-
ized spontaneously after cessation of IFN-abased therapy,
while only a small group of patients (1.4%) had persis-
tent long-term overt TD that required ongoing medical
therapy. Female gender and pretreatment TPOAD positiv-
ity were risk factors for the development of TD during
[FN-obased therapy in the present study. However, as a
study from a single center, a bias may exist in our results.
Our findings need to be confirmed by data from a much
larger, multicenter and long-term follow-up prospective
studies.
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