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Introduction
Hepatitis C virus  (HCV) infection is a major global 
health problem, being the second most common 
chronic viral infection in the world with a global 
prevalence of ~3%. HCV is both a hepatotropic as well 
as a lymphotropic virus, and chronic infection is known 
to be responsible for both hepatic and extrahepatic 
diseases [1–3].

It was found that HCV infection is inclined to a 
certain degree to some organs, especially thyroid 
gland, as a high prevalence of thyroid autoimmunity 
and hypothyroidism [4] as well as of papillary thyroid 
carcinoma [5] has been reported in patient with chronic 
hepatitis C (CHC) virus infection.

The current standard treatment for CHC virus 
is the combination of pegylated interferon 
α  (PEG‑IFN‑α) and ribavirin  (RIB)  [6,7] which 
lead to a sustained virological response (SVR) rates 
of 54–80% [8,9].

Despite its efficacy, it has a well‑known adverse effect 
profile, including thyroid dysfunction (TD) [10,11].

The aim of this retrospective study was to investigate 
the association between CHC virus infection whether 
treated with PEG‑IFN or not and TD development.

Patients and methods

Patients
This was a case–control study conducted in Assiut 
University Hospital at EL‑Raghy Liver Hospital 
during the period between 2013 and 2015. Data were 
collected from the medical records of 1290  patients 
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with chronic HCV infection and were retrospectively 
analyzed. Patients were eligible for the study if they 
had serologically and virologically confirmed chronic 
HCV infection.

The study population was divided into two groups:
(1) Group  1  (treatment group) included 

1090  patients who received combination 
therapy with PEG‑IFN‑α‑2a  (Roche type) or 
PEG‑IFN‑α‑2b (MSD type) plus RIB, according 
to the treatment protocol recommended by 
the National Institutes of Health. The dose 
of PEG‑IFN‑α‑2a was 180 μg/week and of 
PEG‑IFN‑α‑2b was 1.5 μg/kg/week. The dose of 
RIB was 1000  mg/day  (body weight  ≤75  kg) or 
1200 mg/day (body weight ≥75 kg). Duration of 
treatment was 48 weeks

(2) Group 2 (control group) included 200 patients with 
documented chronic HCV infection who denied 
treatment for personal, social, or any other reasons, 
but they had been followed up in the outpatient 
clinic. The duration of follow‑up for control group 
was calculated as the time since the initiation of HCV 
therapy for treatment group until 48 weeks later.

Exclusion criteria
The following were the exclusion criteria:
(1) Patients with overt thyroid disease
(2) Other causes of chronic liver disease, decompensated 

liver cirrhosis, previous organ transplantation, 
coinfection with HBV and/or HIV, and pregnancy

(3) Patients with other treated or untreated pre‑existing 
diseases as well as those with addict substances or 
alcohol abuse.

Ethical considerations
This study was approved by Ethical Committee, 
Faculty of Medicine, Assiut University. All patients 
and controls were provided a detailed description of 
the procedures before being enrolled in this study, and 
a formal and written consent was obtained from them 
for participating in the study.

Methods
All treated and control patients included were subjected 
to the following:
(1) Full history taking
(2) Thorough clinical examination
(3) Body height and weight were recorded at the 

beginning of the study, and the BMI was calculated
(4) Routine biochemical and hematological tests 

including the following:
(a) Complete blood count including haemoglobin, 

white blood cells, and platelets

(b) Liver function tests including alanine 
aminotransferase, aspartate aminotransferase, 
albumin, total bilirubin, and indirect bilirubin

(c) Kidney function test, including serum 
creatinine

(d) Serological markers for viral hepatitis C
(e) Thyroid‑stimulating hormone at baseline and 

48 weeks later
(f ) Quantitative viral assay by PCR measuring 

viral RNA at baseline and after 48 weeks at 
the end of treatment

(i) Patients in treatment group were subjected to 
furthermore investigations to correlate them 
with TD development.

These investigations were the following:
(1) Blood glucose level
(2) Absolute neutrophil count
(3) Alkaline phosphatase
(4) α‑Fetoprotein
(5) Prothrombin concentration
(6) International normalized ratio of prothrombin time
(7) Liver biopsy measuring grades of HCV activity 

(inflammation) and stages of liver fibrosis that 
were performed by both types of histopathological 
scoring systems of the liver biopsy  (METAVIR/
ISHAK)

(8) Type of IFN‑α therapy used in treatment 
whether Roche type  (PEG‑IFN‑α‑2a) or MSD 
type (PEG‑IFN‑α‑2b)

(9) Quantitative viral assay by PCR measuring viral 
RNA at weeks 12 and 24 and 6 months after the 
end of treatment.

Data collection
Medical records of all patients were reviewed. The 
demographic, laboratory, and clinical data were collected.

Statistical analysis
(1) Statistical analysis was conducted using statistical 

package for the social sciences version  16.0 for 
Window software (SPSS Inc., Chicago, Illinois, 
USA).

(2) Mean and SD were used to express quantitative data.
(3) P  values of less than 0.05 were considered 

statistically significant.
(4) P  values of more than 0.05 were considered 

statistically insignificant.

Results
A total of 1290 patients with chronic HCV infection 
were selected for this study. They were divided into two 
groups:
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Group 1 (treatment group) included 1090  patients 
receiving combined therapy (IFN‑α+RIB). The group 
comprised 883 (81.0%) males and 207 (19.0%) females, 
with mean ± SD age of 38.15 ± 11.18 years and mean 
BMI of 25.4 ± 3.37.

Group 2 (control group) included 200 patients, comprising 
170 (85%) males and 30 (15%) females, with mean ± SD 
age of 43.09 ± 11.4 and mean BMI of 26.82 ± 3.59.

The two groups were comparable according 
to pretreatment demographics and laboratory 
parameters with no significant difference between 

both groups. The studied groups were compared for 
pretreatment and after 48 weeks of combined therapy 
as regards viral load by measuring serum HCV‑RNA 
(quantitative polymerase chain reaction [PCR] assay) 
with no significant difference between the two groups 
at the baseline but after treatment for 48 weeks, 1042 
(95.6%) patients became negative for HCV but the 
control group remained all positive for HCV as shown 
in Table 1. Thyroid stimulating hormone (TSH) was 
performed for both groups (treatment and control) at 
baseline and after completion of combined therapy 
(48 weeks).

At baseline (7.2%) in the treatment group and (5.0%) in 
the control group had TD. After 48 week of treatment 
and follow up for the controls, the percentage of patient 
from treatment group who had TD became (5.5%) 
(nd that from the control group who had TD became 
(8.5% s presented in Table 1 with more tendency to 
develop hypothyroidism than hyperthyroidism. The 
follow up of the developed TD cases in treatment 
group along the course of treatment and for 6 monthes 
after end of the showed increasing incidence of 
developing hypothyroidism than hyperthyroidism 
until 48 weeks of treatment with sloppage of this 
increase after therapy end Table 2. The number of the 
developed cases of TD in treatment group was more in 
males (883) than females (207) with more tendency to 
develop hypothyroidism than hyperthyroidism along 
the different weeks of the course but this difference 
did not reach statistical significance. Noticed also that 
the percent of hypothyroidism was more dominant in 
females (10.1%) than males (8.0%) by the end of the 
inspite of the majority of males Fig. 1. Comparison 
between normal and developed TD cases in treatment 
group as regard grades of HCV activity (A) and stages 

Grades of hepatitis C virus activity (A) of different thyroid dysfunction 
case at week 48. TSH, thyroid-stimulating hormone.

Figure 2

Stages of liver fibrosis (F) of different thyroid dysfunction case at 
week 48. TSH, thyroid-stimulating hormone.

Figure 3

Table 1 Comparison between treatment and control groups 
regarding quantitative PCR results and thyroid-stimulating 
hormone levels at baseline and after 48 weeks (end of 
treatment)

Treatment group 
(n=1090) [n (%)]

Control group 
(n=200) [n (%)]

P

PCR baseline
Positive 1090 (100.0) 200 (100.0) –

PCR after 48 weeks (end of treatment)
Negative 1042 (95.6) 0 <0.001**
Positive 48 (4.4) 200 (100.0)

Thyroid-stimulating hormone at baseline
Hyperthyroidism 49 (4.5) 4 (2.0) 0.257
Normal 1012 (92.8) 190 (95.0)
Hypothyroidism 29 (2.7) 6 (3.0)

Thyroid-stimulating hormone (mIU/l) 48 weeks (end of treatment)
Hyperthyroidism 77 (7.1) 8 (4.0) 0.035*
Normal 921 (84.5) 183 (91.5)
Hypothyroidism 92 (8.4) 9 (4.5)

*P<0.05, statistically significant difference. **P<0.01, statistically 
significant difference.

Gender of hypo and hyperthyroid cases along the 48 weeks of therapy.

Figure 1
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of liver fibrosis (F) both measured by liver biopsy 
was done. Grade A1 was more dominant in both 
hypothyroid and hyperthyroid cases followed by grade 
A2, while grade A4 didn’t be found in any patient’s 
biopsy [Figs. 1 and 2]. Stage F1 was more dominant 
in patient’s biopsies followed by stage F2, while both 
stages F0 and F4 couldn’t be detected in the biopsies 
[Figs. 2 and 3].

Type of histopathological scoring system of the liver 
biopsy (METAVIR/ISHAK) and type of interferon‑
alpha therapy used in treatment group were evaluated 
in treatment group patients and found that most 
of them were assessed by using METAVIR type of 
biopsies except for 2 patients of normal TSH level who 
were assessed by ISHAK type [Table 3].

Most of TD cases have received  Roche type 
(PEG‑ IFN alpha 2a) (hyperthyroidism=52 case, 
hypothyroidism=68 case), while least TD cases received 

MSD type (PEG‑ IFN alpha 2b) (hyperthyroidism=25 
case, hypothyroidism=24 case) [Table 3].

Correlation between virological responses in the 
different weeks and developed TD cases whether hypo 
or hyperthyroidism in the same corresponding weeks 
was done and positive correlation between them was 
found but with no statistically significant difference 
between the different weeks [Table 4].

Discussion
HCV is an emergent national health problem in Egypt. 
The combination of PEG‑IFN with RIB was considered 
the established therapy for CHC, and it was associated 
with several adverse effects, including TD  [12–14]. 
The immunostimulatory effects of IFN‑α have been 
well described, with thyroid being the most common 
endocrine organ affected  [15,16]. The role of RIB in 

Table 4 Comparison between treatment responses at different weeks of treatment course and thyroid dysfunction cases in 
treatment group
Type of treatment response Treatment group (n=1090) [n (%)] P

Hyperthyroidism Normal Hypothyroidism
Early virological response week 12 57 cases 42 cases

Yes 48 (4.9) 897 (91.2) 39 (4.0) 0.250 (NS)
No 9 (8.5) 94 (88.7) 3 (2.8)

Response at week 24 62 cases 59 cases  
Yes 56 (5.5) 909 (89.0) 56 (5.5) 0.507 (NS)
No 6 (8.7) 60 (87.0) 3 (4.3)

End of treatment response week 48 77 cases 92 cases
Yes 72 (7.0) 877 (84.7) 86 (8.3) 0.640 (NS)
No 5 (9.1) 44 (80.0) 6 (10.9)

Sustained virological response 6 months after end of treatment 63 cases 82 cases
Yes 59 (5.7) 906 (86.9) 77 (7.4) 0.523 (NS)
No 4 (8.3) 39 (81.3) 5 (10.4)

NS, P>0.05, no statistically significant difference.

Table 2 Incidence of new cases of thyroid dysfunction in different weeks of treatment course (treatment group)
Thyroid dysfunction TSH at baseline 

[n (%)]
TSH at week (12) 

of treatment [n (%)]
TSH at week (24) 

of treatment [n (%)]
TSH at week (48) end 

of treatment [n (%)]
TSH (6) months after 

end of treatment [n (%)]
Hyperthyroidism 49 (4.5) 57 (5.2) 62 (5.7) 77 (7.1) 63 (5.8)
Normal 1012 (92.8) 991 (90.9) 969 (88.9) 921 (84.5) 945 (86.7)
Hypothyroidism 29 (2.7) 42 (3.9) 59 (5.4) 92 (8.4) 82 (7.5)

TSH, thyroid-stimulating hormone.

Table 3 Comparison between thyroid dysfunction cases in treatment group regarding type of histopathological scoring system 
of the liver biopsy (METAVIR/ISHAK) and type of interferon-α therapy used in treatment group

TSH 48 weeks of treatment [n (%)] P
Hyperthyroidism (n=77) Normal (n=921) Hypothyroidism (n=92)

Biopsy type (METAVIR/ISHAK)
ISHAK 0 2 (0.2) 0 0.832
METAVIR 77 (100.0) 919 (99.8) 92 (100.0)

IFN type
MSD (PEG-IFN-α-2b) 25 (32.5) 158 (17.2) 24 (26.1) 0.001**
Roche (PEG-IFN-α-2a) 52 (67.5) 763 (82.8) 68 (73.9)

PEG-IFN, pegylated interferon; TSH, thyroid-stimulating hormone. NS, P>0.05, no statistically significant difference. *P<0.05, statistically 
significant difference. **Statistically significant difference (P<0.01) and as this what was found in the Table 3 (P value= 0.001) so, we can 
exchange (**) by( *) in Table 3.
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the development of TD is also under discussion [17]. 
Moreover, it is generally speculated that HCV infection 
itself may perpetuate the immune cascade, which leads 
to the appearance of autoimmune thyroid disorders, 
especially in genetically predisposed patients [18,19].

We found that both age and BMI of the patients 
have no relation to TD in both groups. There was 
no correlation between pretreatment laboratory and 
biochemical tests and TD. Moreover, viral load of 
HCV at baseline showed no significant difference, and 
so, it had no relation to the presence of subclinical TD 
in both groups.

In this study, 7.2% of the treated patients were found to 
have subclinical TD at the baseline, which became 15.5% 
during treatment (48 weeks), whereas 5% of the control 
group had subclinical TD at baseline and became 8.5% 
during the same follow‑up period [20,21]. These data 
suggest that IFN‑α therapy, which is known to induce, 
reveal, or exacerbate various autoimmune disorders, 
probably causes TD in chronic HCV‑infected patients. 
Additionally, TD development in our study population 
was linked to HCV infection itself, as shown in baseline 
existing subclinical TD before treatment as well as 
those who developed TD in the control group. It can be 
concluded that interferon therapy and HCV infection 
may have synergistic effect in the causation of thyroid 
disease. In disagreement with the current results, two 
previous population‑based studies by Huang et al. [22] 
and Loviselli et  al.  [23] excluded a specific role of 
HCV infection in determining the development of 
thyroid disease. Similarly, in the studies of Marazuela 
et al. [24], Floreani et al. [25] and Barrett et al. [26], no 
correlation was found. Another important observation 
is the relatively same incidence  (15.5%) of TD in 
the treatment group of this study compared with the 
corresponding rates reported previously from similar 
studies using standard IFN monotherapy  (3–18%) by 
Ward and Bing‑You [12], studies using standard IFN 
and RIB  (10.7–12.5%) by Kee et  al.  [10], as well as 
that using PEG‑IFN‑α plus RIB therapy (12–12.8%) 
by Freidrich‑Rust et al. [20]. Other studies like that of 
Preziati et al. [27] and Imagawa et al. [28] found that 
the prevalence of TD varied markedly ranging from 3.4 
to 31.4%.

This study demonstrated the high tendency of 
hypothyroid state in chronic HCV‑infected patients 
whether treated with combined therapy or those who 
had been followed up. This result agreed with a previous 
study by Nadeem et al. [29].

The incidence of new cases of TD among the 
patients of treatment group was more by the end of 
treatment (week 48) to be 15.5%, mostly in the form of 

hypothyroidism (8.4%) and hyperthyroidism  (7.1%), 
whereas the least incidence was detected by week 
12 in the form of hyperthyroidism (5.2%) and 
hypothyroidism  (3.9%). Generally, hyperthyroidism 
was higher than hypothyroidism in multiple folds, but 
in the end, hypothyroid cases became more evident.

Moreover, we found that TD in this study was more 
common in males than females at baseline and after 
48  weeks of treatment, unlike previous studies by 
Fernandez‑Soto et  al.  [21] and Deutsch et  al.  [30]. 
Such a factor as a relatively small number of female 
patients in our study  (only 237  female from total 
1290 patients) could play a role in the observed lack of 
association between female sex and TD. The percentage 
of TD (hypothyroidism) cases at the end of treatment 
was more in females  (10.1%) than males  (8.0%) in 
spite of their small number. This was against the 
study of Yuming Wang et al.  [31], where sex was an 
independent factor in predicting the occurrence of TD 
as well as those of Fernandez‑Soto et al. [21] and Jamil 
et al. [32]. However, some studies by Amir et al. [33] 
did not find this correlation of sex with TD, as well as 
Muratori et al. [34], and Stefanova‑Petrova et al. [35], 
who approved that females were not more prone to 
TD. Moreover, Mumtaz Ali Chutto et al. [36] found 
that female sex was not a risk factor for developing TD 
in HCV‑infected patients. This is similar to the result 
of a study by Lisker‑Melman et al. [37], which agrees 
also with our results [Fig. 1].

There was no correlation between post‑treatment 
laboratory biochemical and hematological tests 
and different categories of the developed TD cases in 
treatment group.

Furthermore, TD was related to early grades of liver 
activity to HCV (A) (grades A1 and A2) and stages of 
liver fibrosis (F) (stages F1 and F2) than others in the 
liver biopsy, which means that TD cannot be predicted 
from the degree of hepatic disease as most of TD cases 
had a small degree of fibrosis and inflammation. Unlike 
our study, Rodriguez‑Torres et al. [38] demonstrated that 
patients with HCV and severe fibrosis are more prone to 
develop TD during treatment with IFN‑α as compared 
with those with mild fibrosis, whereas Morisco et al. [39] 
showed no significant differences between patients with 
TD and liver inflammation or fibrosis [Figs. 2 and 3].

Type of histopathological scoring system of the liver 
biopsy (METAVIR/ISHAK type) and the type of 
IFN‑α therapy used in treatment group whether type 2a 
or 2b were assessed to evaluate which type is more likely 
to be associated with TD, and we found that all biopsies 
of TD cases were done using METAVIR classification, 
whereas for IFN‑α type used, PEG‑IFNα‑2a therapy 
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was significantly associated with TD compared with 
PEG‑IFNα‑2b therapy. These results are in contrast 
with the study of Hwang et al. [40], which found that 
PEG‑IFNα‑2b therapy was significantly associated 
with TD compared to PEG‑IFNα‑2a therapy. Studies 
of Dalgard et  al.  [14] and Kee et  al. [10] had found 
no association between thyroid disease and PEG‑IFN 
formulations.

A positive correlation was observed between the 
developed TD cases whether hyper or hypothyroidism 
and virological responses in the different weeks 
of therapy, but with no significant difference. Few 
published reports have assessed the development of 
TD in relation to SVR. Our results are in agreement 
with Vezali et  al.  [17], who reported no relationship 
between TD and SVR in patients with CHC receiving 
PEG‑IFN/RBV therapy. Other studies by Tran 
et al. [41] demonstrated a positive association between 
thyroid disease and viral clearance. Moncoucy et al. [42] 
found that TD was not associated with SVR of CHC 
to IFN‑α therapy, as also demonstrated by Hsieh 
et al. [43], but they are in contrast to previous reports 
by Lisker‑Melman et al. [37] and Reid et al. [44].

Limitations of this study were its retrospective and 
observational nature, small number of female patients 
included, the absence of data concerning thyroid‑specific 
autoantibodies and the genotype of the hepatitis C 
virus at baseline. Therefore, the relations between TD 
development and these factors cannot be determined, 
so further studies are needed to discuss this.

Our large short‑term retrospective observational 
study demonstrates that TD occurs in approximately 
one‑sixth of chronic HCV‑infected patients treated 
with the currently proposed combination treatment 
and ~9% of untreated chronic HCV patients. Transient 
subclinical hypothyroidism which frequently needs 
hormone replacement therapy represents the most 
common thyroid disorder in these patients. TD 
probably cannot be predicted by any pretreatment 
human or virological parameter  (sex, age, BMI, 
pretreatment laboratory tests, and viral load), as well 
as it seems not to be associated with the total dose of 
PEG‑IFN‑α and RIB, or the duration of therapy, nor 
to be linked to the viral kinetics or virological outcome 
in treated patients. The actual relevance of the TD 
to chronic HCV infection per se remains to be fully 
clarified in large prospective, controlled studies.

Conclusion
In this study, we found that both HCV itself and 
IFN‑α therapy have been found to be inducing thyroid 

disorders in patients with chronic HCV infection. 
Patients who are treated with IFN‑α and RIB therapy 
should be informed about the risks of developing TD, 
and therefore screening of thyroid function should be 
done regularly during and after the treatment course.

Recommendation
(1) We recommend to study and follow‑up chronic 

HCV‑infected patients treated with combined 
therapy with measurement of thyroid function 
tests during and after withdrawal of therapy for 
early and accurate diagnosis of TD development 
and proper management

(2) For further studies, it is advisable to detect 
thyroid‑specific autoantibodies and the genotype 
of HCV before treatment in large prospective 
controlled studies later on

(3) Use of thyroid function tests as a routine assessment 
and follow‑up of chronic HCV‑infected patients 
who are liable to receive the combination therapy 
should be done.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
 1 Zignego AL, Giannini C, Gragnani L, Piluso A, Fognani E. Hepatitis C 

virus infection in the immunocompromised host: a complex scenario with 
variable clinical impact. J Transl Med 2012; 10:158.

 2 World Health Organization [webpage on the Internet]. Egypt has highest 
prevalance of Hepatitis C in the world/WHO. Available from: https://
egyptianstreets.com 2015/05/04egypt-has-highest-prevalence-of-hepati 
tis-c-in-the-world-who/. [Last accessed 2015 May 04].

 3 Centers for Disease Control and Prevention (CDC). Progress toward 
prevention and control of hepatitis C virus infection—Egypt, 2001–2012. 
MMWR Morb Mortal Wkly Rep 2012; 61:545–549.

 4 Antonelli A, Ferri C, Pampana A, Fallahi P, Nesti C, Pasquini M, et al. 
Thyroid disorders in chronic hepatitis C. Am J Med 2004; 117:10–13.

 5 Antonelli A, Ferri C, Fallahi P, Ferrari SM, Ghinoi A, Rotondi M, et al. 
Thyroid disorders in chronic hepatitis C virus infection. Thyroid 2006; 
16:563–572.

 6 McHutchison JG, Gordon SC, Schiff ER, Shiffman ML, Lee WM, Rustgi VK, 
et al. Interferon alfa-2b alone or in combination with ribavirin as initial 
treatment for chronic hepatitis C. N Engl J Med 1998; 339:1485–1492.

 7 Boyer JL, Chang EB, Collyar DE. NIH Consensus Statement on 
Management of Hepatitis C. NIH Consens State Sci Statements 2002; 
19:1–46.

 8 Manns MP, McHutchison JG, Gordon SC, Rustgi VK, Shiffman M, 
Reindollar R, et al. Peginterferon alfa-2b plus ribavirin compared with 
interferon alfa-2b plus ribavirin for initial treatment of chronic hepatitis C: a 
randomised trial. Lancet 2001; 358:958–965.

 9 Hadziyannis SJ, Sette H, Morgan TR, Balan V, Diago M, Marcellin P, et al. 
Peginterferon-α2a and ribavirin combination therapy in chronic hepatitis 
C: a randomized study of treatment duration and ribavirin dose. Ann Intern 
Med 2004; 140:346–355.

10 Kee KM, Lee CM, Wang JH, Tung HD, Changchien CS, Lu SN, et al. 
Thyroid dysfunction in patients with chronic hepatitis C receiving a 



56 Journal of Current Medical Research and Practice

combined therapy of interferon and ribavirin: incidence, associated factors 
and prognosis. J Gastroenterol Hepatol 2006; 21:319–326.

11 Mandac JC, Chaudhry S, Sherman KE, Tomer Y. The clinical and 
physiological spectrum of interferon-alpha induced thyroiditis: toward a 
new classification. Hepatology 2006; 43:661–672.

12 Ward DL, Bing-You RG. Autoimmune thyroid dysfunction induced by 
interferon-alfa treatment for chronic hepatitis C: screening and monitoring 
recommendations. Endocr Pract 2001; 7:52–58.

13 Tomer Y, Blackard JT, Akeno N. Interferon alpha treatment and thyroid 
dysfunction. Endocrinol Metab Clin North Am 2007; 36:1051–1066.

14 Dalgard O, Bjøro K, Hellum K, Myrvang B, Bjøro T, Haug E, et al. Thyroid 
dysfunction during treatment of chronic hepatitis C with interferon alpha: 
no association with either interferon dosage or efficacy of therapy. J Intern 
Med Suppl 2002; 251:400–406.

15 Prummel MF, Laurberg P. Interferon-α and autoimmune thyroid disease. 
Thyroid 2003; 13:547–551.

16 Carella C, Mazziotti G, Amato G, Braverman LE, Roti E. Clinical review 169: 
Interferon-α-related thyroid disease: pathophysiological, epidemiological, 
and clinical aspects. J Clin Endocrinol Metab 2004; 89:3656–3661.

17 Vezali E, Elefsiniotis I, Mihas C, Konstantinou E, Saroglou G. Thyroid 
dysfunction in patients with chronic hepatitis C: virus-or therapy-related? J 
Gastroenterol Hepatol 2009; 24:1024–1029.

18 Shepard CW, Finelli L, Alter MJ. Global epidemiology of hepatitis C virus 
infection. Lancet Infect Dis 2005; 5:558–567.

19 Zignego AL, Craxì A. Extrahepatic manifestations of hepatitis C virus 
infection. Clin Liver Dis 2008; 12:611–636.

20 Friedrich-Rust M, Theobald J, Zeuzem S, Bojunga J. Thyroid function and 
changes in ultrasound morphology during antiviral therapy with pegylated 
interferon and ribavirin in patients with chronic hepatitis C. J Viral Hepat 
2009; 16:168–177.

21 Fernandez-Soto L, Gonzalez A, Escobar-Jimenez F, Vazquez R, Ocete E, 
Olea N, et al. Increased risk of autoimmune thyroid disease in hepatitis C 
vs hepatitis B before, during, and after discontinuing interferon therapy. 
Arch Intern Med 1998; 158:1445–1448.

22 Huang MJ, Tsai SL, Huang BY, Sheen IS, Yeh CT, Liaw YF. Prevalence 
and significance of thyroid autoantibodies in patients with chronic hepatitis 
C virus infection: a prospective controlled study. Clin Endocrinol (Oxf) 
1999; 50:503–509.

23 Loviselli A, Oppo A, Velluzzi F, Atzeni F, Mastinu GL, Farci P, et al. 
Independent expression of serological markers of thyroid autoimmunity 
and hepatitis virus C infection in the general population: results of a 
community-based study in northwestern Sardinia. J Endocrinol Invest 
1999; 22:660–665.

24 Marazuela M, Garcia-Buey L, Gonzalez-Fernandez B, Garcia-Monzon C, 
Arranz A, Borque MJ, et al. Thyroid autoimmune disorders in patients 
with chronic hepatitis C before and during interferon-α therapy. Clin 
Endocrinol (Oxf) 1996; 44:635–642.

25 Floreani A, Betterle C, Carderi I, Presotto F, Pedini B, Moscon A, et al. 
Is hepatitis C virus a risk factor for thyroid autoimmunity?. J Viral Hepat 
2006; 13:272–277.

26 Barrett S, Goh J, Coughlan B, Ryan E, Stewart S, Cockram A, et al. The 
natural course of hepatitis C virus infection after 22 years in a unique 
homogenous cohort: spontaneous viral clearance and chronic HCV 
infection. Gut 2001; 49:423–430.

27 Preziati D, La Rosa L, Covini G, Marcelli R, Rescalli S, Persani L, et al. 
Autoimmunity and thyroid function in patients with chronic active hepatitis 
treated with recombinant interferon alpha-2a. Eur J Endocrinol 1995; 
132:587–593.

28 Imagawa A, Itoh N, Hanafusa T, Oda Y, Waguri M, Miyagawa J, et al. 
Autoimmune endocrine disease induced by recombinant interferon-alpha 
therapy for chronic active type C hepatitis. J Clin Endocrinol Metab 1995; 
80:922–926.

29 Nadeem A, Aslam M, Khan DA, Hussain T, Khan SA. Effects of combined 
interferon alpha and ribavirin therapy on thyroid functions in patients with 
chronic hepatitis C. J Coll Physicians Surg Pak 2009; 19:86–89.

30 Deutsch M, Dourakis S, Manesis EK, Gioustozi A, Hess G, Horsch A, 
et al. Thyroid abnormalities in chronic viral hepatitis and their relationship 
to interferon alfa therapy. Hepatology 1997; 26:206–210.

31 Yan Z, Fan K, Fan Y, Wang X, Mao Q, Deng G, et al. Thyroid dysfunction 
in chinese patients with chronic hepatitis C treated with interferon 
alpha: incidence, long-term outcome and predictive factors. Hepat Mon 
2012; 12:9.

32 Jamil KM, Leedman PJ, Kontorinis N, Tarquinio L, Nazareth S, 
McInerney M, et al. Interferon-induced thyroid dysfunction in chronic 
hepatitis C. J Gastroenterol Hepatol 2009; 24:1017–1023.

33 Amir Z, Fatemeh E, Majid S. Thyroid dysfunction in patients with chronic 
viral hepatitis B and C during alpha interferon therapy. Hepat Mon 2009; 
2009:110–113.

34 Muratori L, Bogdanos DP, Muratori P, Lenzi M, Granito A, Ma Y, et al. 
Susceptibility to thyroid disorders in hepatitis C. Clin Gastroenterol 
Hepatol 2005; 3:595–603.

35 Stefanova-Petrova DV, Tzvetanska AH, Naumova EJ, Mihailova AP, 
Hadjiev EA, Dikova RP, et al. Chronic hepatitis C virus infection: prevalence 
of extrahepatic manifestations and association with cryoglobulinemia in 
Bulgarian patients. World J Gastroenterol 2007; 13:6518.

36 Chutto MA, Chand HA, Gurbakshani AL, Chand RR, Abro HA. Frequency 
of thyroid dysfunction following interferon therapy in patients with chronic 
hepatitis C. Pak J Med Health Sci 2010; 4:165–168.

37 Lisker-Melman M, Di Bisceglie AM, Usala SJ, Weintraub B, Murray LM, 
Hoofnagle JH. Development of thyroid disease during therapy of 
chronic viral hepatitis with interferon alfa. Gastroenterology 1992; 
102:2155–2160.

38 Rodríguez-Torres M, Ríos-Bedoya CF, Ortiz-Lasanta G. Thyroid 
dysfunction (TD) among chronic hepatitis C patients with mild and severe 
hepatic fibrosis. Ann Hepatol 2008; 7:72–77.

39 Morisco F, Mazziotti G, Rotondi M, Tuccillo C, Iasevoli P, Del Buono A, 
et al. Interferon-related thyroid autoimmunity and long-term clinical 
outcome of chronic hepatitis C. Dig Liver Dis 2001; 33:247–253.

40 Hwang Y, Kim W, Kwon SY, Yu HM, Kim JH, Choe WH. Incidence of 
and risk factors for thyroid dysfunction during peginterferon α and ribavirin 
treatment in patients with chronic hepatitis C. Korean J Intern Med 2015; 
30:792.

41 Tran HA, Attia JR, Jones TL, Batey RG. Pegylated interferon-α2β 
in combination with ribavirin does not aggravate thyroid dysfunction 
in comparison to regular interferon-α2β in a hepatitis C population: 
meta-analysis. J Gastroenterol Hepatol 2007; 22:472–476.

42 MoncouCy X, Leymarie F, Delemer B, LÉvy S, Bernard-Chabert B, 
BouchÉ O, et al. Risk factors and long-term course of thyroid dysfunction 
during antiviral treatments in 221 patients with chronic hepatitis C. 
Gastroenterol Clin Biol 2005; 29:339–345.

43 Hsieh MC, Yu ML, Chuang WL, Shin SJ, Dai CY, Chen SC, et al. Virologic 
factors related to interferon-alpha-induced thyroid dysfunction in patients 
with chronic hepatitis C. Eur J Endocrinol 2000; 142:431–437.

44 Reid I, Sharpe I, McDevitt J, Maxwell W, Emmons R, Tanner WA, 
et al. Thyroid dysfunction can predict response to immunotherapy with 
interleukin-2 and interferon-2α. Br J Cancer 1991; 64:915.


