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Abstract

Purpose It is well known that interferon-a (IFN-ar), used for long time as the main therapy for HCV-related disease, induces
thyroid alterations, but the impact of the new direct-acting antivirals (DAAs) on thyroid is not established. Aim of this pro-
spective study was to evaluate if DAAs therapy may induce thyroid alterations.

Methods A total of 113 HCV patients, subdivided at the time of the enrollment in naive group (n=64) and in IFN-a group
(n=49) previously treated with pegylated interferon-a and ribavirin, were evaluated for thyroid function and autoimmunity
before and after 20-32 weeks of DA As.

Results Before starting DAAsS, a total of 8/113 (7.1%) patients showed Hashimoto's thyroiditis (HT) all belonging to IFN-a
group (8/49, 16.3%), while no HT cases were found in the naive group. Overall, 7/113 (6.2%) patients were hypothyroid:
3/64 (4.7%) belonging to naive group and 4/49 (8.2%) to IFN-a group. Furthermore, a total of 8/113 patients (7.1%) showed
subclinical hyperthyroidism: 2/64 (3.1%) were from naive group and 6/49 (12.2%) from IFN-a group. Interestingly, after
DA As therapy, no new cases of HT, hypothyroidism and hyperthyroidism was found in all series, while 6/11 (54.5%) patients
with non-autoimmune subclinical thyroid dysfunction became euthyroid. Finally, the only association between viral genotypes
and thyroid alterations was genotype 1 and hypothyroidism.

Conclusions This study supports evidence that DAAs have a limited or missing influence on thyroid in patients with HCV-
related diseases. Moreover, it provides preliminary evidence that subclinical non-autoimmune thyroid dysfunction may
improve after HCV infection resolution obtained by DA As.
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R. Rodia and P. E. Meloni have contributed equally to this study. Introduction

V- Ruggiero and §. Mariotti—retired. Hepatitis C virus (HCV) infection may affect not only the

liver but also extrahepatic tissues and organs. This may
result both from immunological mechanisms and viral dam-
age in the affected organs. A recent review and meta-anal-
ysis [1] confirmed a significant association between HCV
infection and both hypothyroidism and serum anti-thyroid
autoantibodies (ATA) in naive patients with viral infection.
Among the therapies aimed to eradicate HCV, interferon-a
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may be considered the first treatment employed since 1980s.
However, this treatment showed a low rate of definitive viral
clearance [2] and several adverse effects. Thyroid dysfunc-
tions occurred in 4.6-33.3% of pegylated interferon-o (IFN-
a)-treated patients, depending on the country considered [3].
IFN-a has been described to induce different types of thyroid
damage such as autoimmune and non-autoimmune thyroid
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alterations, as destructive thyroiditis [4]. In fact, IFN-a can
induce both de novo or exacerbate pre-existing HT [5, 6] by
increasing immune system cells activity, altering T-regulator
and memory T cells function, causing the release of IL-6
family cytokines and developing circulating ATA [4]. IFN-«
induced HT mostly occurs in female subjects, in the elderly
and in patients with other concomitant autoimmune diseases
[7]; moreover, as observed in spontaneous HT, it usually per-
sists after therapy withdrawn. On the other hand, IFN-a also
has a direct effect on thyroid function, since it inhibits the
gene of thyroglobulin, thyroperoxidase and sodium iodide
symporter in cultures of human thyrocytes and promotes the
apoptosis of thyrocytes. All these mechanisms may account
for a spectrum non-autoimmune thyroid damage ranging
from subclinical hypothyroidism [8] to transient thyrotoxi-
cosis followed by temporary or permanent hypothyroidism
as observed in typical destructive thyroiditis [9]. The course
of destructive thyroiditis induced by IFN-a is often mild or
subclinical, so that the number of reported cases is likely
to be underestimated [10]. Due to the high rate of adverse
effects and low therapeutic performance of IFN-a (40%), in
these last decades new drugs for HCV treatment have been
proposed. In the late 1990s, ribavirin, a purine ribonucleo-
side analog, were associated with IFN-a and since 2001 to
INF-a but this therapeutic approach did not really change the
clinical outcome of the disease. Since 2011, the introduction
of the first direct-acting antivirals (DAAs), targeting the non-
structural proteins of HCV, impress a real revolution in the
treatment of this disease, with a greater than 95% improve-
ment of efficacy of these drugs in viral eradication and clin-
ical response of HCV liver disease [11-17]. As reported
above, while the impact of IFN-a therapy on thyroid status is
well known, few studies exist so far on the potential interfer-
ence of DAAs on thyroid gland.

With this concept in mind, we prospectively assessed thy-
roid status (thyroid function, autoimmunity and ultrasound
features) in a cohort of HCV patients, subdivided in naive
and previously treated with IFN-a and ribavirin, before and
after DAAs therapy.

Materials and methods
Patients

This study enrolled a cohort of 127 adult patients with
chronic HCV virus infection from the Center Study of Liver
Diseases of the University Hospital of Cagliari, Italy. Writ-
ten informed consent was obtained from each patient after
full explanation of the purpose and nature of all procedures
used. The Institutional Review Board of University Hospital
of Cagliari reviewed and approved the protocol of this study.
Thyroid records collected at the moment of the enrollment
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of all patients, included history of thyroid diseases, treat-
ment with thyroid hormone or anti-thyroid drugs, assess-
ment of thyroid function, anti-thyroid autoantibodies and
thyroid ultrasound. According to exclusion criteria (see
Fig. 1), patients with thyroid diseases or on thyroid medica-
tions, detected before HCV diagnosis, were excluded from
this study. As detailed in Fig. 1, we excluded from further
analysis 14 cases: 2 patients with hypothyroidism related to
beta-thalassemia and 1 with post-surgical hypothyroidism
for thyroid cancer, all on L-T4 therapy; 5 with subclinical
non-autoimmune hyperthyroidism (pre-toxic multinodular
goiter); 4 with non-toxic multinodular goiter; 2 HT (1 euthy-
roid and 1 hypothyroid on L-T4 therapy). Overall, a total
of 113 patients were definitively enrolled and submitted to
thyroid evaluation, statistical analysis and subdivided in two
groups. The first one, represented by 49 patients enrolled
from 2010 to 2014 was previously treated with IFN-o and
ribavirin without sustained virological response (median
therapy duration 46 weeks), defined as IFN-a group, while
the second group of 64 patients, included between 2015 and
2016, was not treated for HCV infection (defined as naive
group). Starting from 2015, all patients were exclusively
treated with different DAA-based combination depending
on HCV genotype, liver disease severity, and drug avail-
ability during the course of the study, such as simeprevir,
sofosbuvir, paritaprevir, ritonavir, ombitasvir, daclatasvir,
dasabuvir, ledipasvir; median DAAs therapy duration was
16 weeks (range of 12-24). In all patients, thyroid status
(assessment of thyroid function, ATA and thyroid ultra-
sound) was systematically evaluated before and after discon-
tinuation DAAs therapy, with a median interval of 24 weeks
(range of 20-32).

Thyroid function assays

Thyroid hormone and ATA assays were carried out using
commercial kits. Thyroid function tests included serum
thyroid-stimulating hormone (TSH), free triiodothyronine
(fT3), free thyroxine (fT4) (values within the reference
range: TSH 0.39-6.16 pUl/ml; fT3 1.4-4.2 pg/ml; {T4
0.8-2 ng/dl), ATA against thyroid peroxidase (TPOADb)
and thyroglobulin (TgAb) (TPOAD positive when >20 AU/
ml, TgAb positive when>4 AU/ml). All these assays were
performed by ultrasensitive automatic chemiluminescent
method (ELISA Kits DiaMetra S.r.l. Headquarter—Segrate
(MI), Italy). TSH-receptor antibodies (TRAD, values within
the reference range < 1.86 IU/I) were assayed in hyperthy-
roid patients by an automated chemiluminescent method
(Elecsys® Anti-TSHR, Roche Diagnostics Ltd, Rotkreuz,
Switzerland). All the assays were performed in the labora-
tory of “Duilio Casula” University Hospital of Cagliari. All
patients were submitted to thyroid function and autoimmun-
ity assays both before and after DA As therapy.
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127 patients, of whom 52 submitted to peglFN-a treatment, enrolled from 2010 to 2014 and 75
naive patients from 2015 to 2016, by the Center for the Study of Liver Diseases

therapy
multinodular goiter)

* 1 with euthyroid HT

14 patients excluded for known pre-existing thyroid diseases

*2 with hypothyroidism due to beta talassemia on L-T4 therapy

* 1 with hypothyroidism after total thyroidectomy for thyroid cancer on L-T4
* 5 with subclinical non-autoimmune hyperthyroidism (pre-toxic

* 4 with non-toxic multinodular goiter

* 1 with hypothyroid HT on L-T4 therapy

113 patients included in the study (physical examination, thyroid ultrasound,
thyroid function and thyroid autoantibody tests) and in the statistical analysis

Therapy groups:

64 patients without previous treatment (naive)
49 patients previously treated with peglFN-a and ribavirin

Fig. 1 Flow diagram showing protocol followed in patients’ recruitment

Thyroid ultrasound

Thyroid ultrasound (US) was performed using a Siemens
Antares color Doppler system equipment (Siemens, Medical
Solutions, Issaquah, WA). According to thyroid ultrasound
criteria [18-21], parenchymal echogenicity was classified
in normoechoic or hypoechoic pattern (low, moderate and
marked, these latter being a typical US feature of thyroid
autoimmunity). All patients were submitted to thyroid ultra-
sound both before and after DAAs therapy.

Definition of hyperthyroidism, hypothyroidism
and autoimmune thyroid disease

Hyperthyroidism and hypothyroidism were diagnosed
according to the current guidelines [22, 23]. Overt hyperthy-
roidism was defined by high serum fT4 or fT3 and undetect-
able serum TSH concentration, while overt hypothyroidism
as low serum fT4 with elevated serum TSH concentration.
Subclinical hyperthyroidism was defined as serum TSH
below the lower value of the reference range with fT4 and
fT3 concentration in the upper part of the reference range;
subclinical hypothyroidism was diagnosed by serum TSH
above the higher value of the reference range with fT4
concentration in the lower part of the reference range. The

diagnosis of autoimmune thyroid disease (HT or Graves’ dis-
ease [GD]) was based on the presence of typical US features
(hypoechoic pattern for both HT and GD, increased diffuse
vascularity for GD), serum positive TgAb and TPOADb (for
HT), TRAD (for GD) and increased serum TSH (for HT).

Statistical analysis

All statistical analyses were performed using Graphpad®
Software Inc. (San Diego, USA). Categorical variables were
summarized as the counts and percentages (%). Differences
between the groups were analyzed by Fisher’s exact test.
Statistical significance was defined as p values <0.05.

Results
Patient characteristics

As shown in Table 1, among the 113 cases included in the
study, 70 (61.9%) were males and 43 (38.1%) were females;
the median age of all patients was 60 years (range 31-83).
As reported above, patients were subdivided into naive
(n=64) and IFN-a (n=49) groups. The viral genotype was
assessed in each patient: 70 patients (61.9%) had type 1, 14
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Table 1 HCV patients’

o . Patient characteristics Total Naive group IFN-a group
characteristics and thyroid
alterations before DAAs therapy n 113 64 49
Male (%) 70 (61.9) 34 (53.1) 36 (73.5)
Female (%) 43 (38.1) 30 (46.9) 13 (26.5)
Median age at enrollment (range) 60 (31-83) 69.5 (31-83) 56 (37-80)
Median DAAs therapy duration (weeks, range) 16 (12-24) 16 (12-24) 16 (12-24)
Normal thyroid function (%) 93 (82.3) 59 (92.2) 34 (69.4)
Total thyroid alterations (%) 20 (17.7) 5(7.8) 15 (30.6%)
HT - (%) 105 (92.9) 64 (100) 41 (83.7)
HT+ (%) 8(7.1) 0 8(16.3)
ATA + (%) 8(7.1) 0 8(16.3)
Moderate US hypoecogenicity (%) 54.4) 0 54.4)
Marked US hypoecogenicity (%) 327 0 327
Hypothyroidism (%) 7(6.2) 34.7) 4(8.2)
Subclinical (%) 327 23.1)° 1@2.1)°
Overt (%) 4(3.5) 1(1.6)° 36.1)7
Subclinical hyperthyroidism (%) ° 8(7.1) 2(3.1) 6(12.2)

HCYV hepatitis C virus, DAAs direct-acting antivirals, HT Hashimoto’s thyroiditis, ATA anti-thyroid anti-
bodies, — absence, + presence, 6 all ATA—, y all ATA+

patients (12.4%) type 2, 17 patients (15.1%) type 3 and 12
patients (10.6%) type 4 genotype. As expected, the genotype
1 was found to be the most represented in our cohort of
patients and, among this group, 54/70 patients (77.1%) had
the subtype b, the most common in Italy and Europe.

Thyroid alterations before starting DAAs therapy

Thyroid evaluation performed before starting DA As therapy,
showed a high prevalence of thyroid alterations (20/113,
17.7%) in the whole series, being greater (15/49, 30.6%) in
IFN-a group (mainly represented by HT), compared to naive
group (5/64, 7.8%); this latter consisted in few cases of non-
autoimmune subclinical thyroid dysfunction.

Thyroid autoimmunity

Before starting DAAs therapy, all the 8 of 113 patients
(7.1%) with TPOAb and/or TgAb positive (indicated as
ATA +in Table 1) belonged to IFN-a group; 5 of them
showed moderate US hypoechogenicity and were euthy-
roid, while the remaining 3 had marked US hypoechogenic-
ity with overt hypothyroidism; all fulfilled the diagnostic
criteria of HT. As expected, the percentage of HT was higher
in female (5/43, 11.6%) compared to male (3/70, 4.3%,
p=0,25).

Hypothyroidism

As reported in Table 1, before starting DA As therapy, hypo-
thyroidism was detected in 7 of 113 patients (6.2%). Four/7
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hypothyroid patients belonged to IFN-a group, 3 of them
had overt autoimmune (ATA-positive, hypoechoic gland)
hypothyroidism, while only one had subclinical non-autoim-
mune (ATA-negative, normoechoic gland) hypothyroidism.
Among the 3 non-autoimmune hypothyroid patients of the
naive group, 1 had overt hypothyroidism and 2 had subclini-
cal hypothyroidism. All patients with overt hypothyroidism
underwent L-thyroxine replacement therapy, while cases
with subclinical hypothyroidism were only followed up.
Finally, as expected, a higher prevalence of hypothyroidism
was observed in female (7/43; 16.3%) than in male (0/70,
0%; p=0,0008).

Hyperthyroidism

Before starting DAAs therapy, subclinical hyperthyroid-
ism, was found in 8 of 113 patients (7.1%) and 6 of them
belonged to IFN-a group, while the remaining 2 were in the
naive group, see Table 1. No overt hyperthyroidism and ATA
positivity (TRADb included) was observed in all cases. Mild
US alterations represented by a slight reduction of thyroid
volume and vascularization was observed in almost all cases,
especially in IFN-a group patients. In 2 of these patients,
thyroid scintiscan showed reduced uptake, leading to the
presumptive diagnosis of destructive thyroiditis.

Thyroid alterations and viral genotypes
No significant difference in HT prevalence was found

between genotype 1 (5/70 patients, 7.1%) compared to
the other genotypes considered together (3/43 patients,
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7%). In particular, HT was observed in 2/17 of genotype
3, and 1/12 of genotype 4; no case of HT was found in
genotype 2, probably due to the low number (4 of 14)
of IFN-a treated patients. Similar findings were observed
for subclinical hyperthyroidism, without significant dif-
ferences between genotype 1 (3/70 patients, 4.3%) and the
other genotypes considered together (5/43 patients, 11.6%,
p=0,25), with 2/14 for genotype 2, 2/17 for genotype 3
and 1/12 for genotype 4. In contrast, a significant differ-
ence in prevalence of combined autoimmune and non-
autoimmune hypothyroidism was found between genotype
1 (7/70 patients, 10%) compared to the other genotypes
(0/43, p=0.042), see Table 2.

Table 2 Thyroid alterations and HCV genotype

Thyroid alterations after DAAs therapy
discontinuation

Interestingly, after DAAs therapy discontinuation, no new
cases of autoimmune thyroid disease were found in both
groups, while the 8 HT patients of IFN-a group, maintained
unaltered their clinical features. Furthermore, no new cases
of both hypothyroidism and hyperthyroidism were observed
after DAAs withdrawn in the whole series.

Finally, as shown in Fig. 2, among the 11 patients (4 of
naive group and 7 of IFN-a group) with non-autoimmune
subclinical thyroid dysfunction, 6 (54,5%) became euthyroid
after DA As discontinuation: 3 belonging to IFN-a group (1
hypothyroid and 2 hyperthyroid) and 3 to naive group (2
hypothyroid and 1 hyperthyroid).

Patient genotype Total Naive group IFN-a group HT Hyperthyroidism Hypothyroidism P
n 113 64 49 8 8 7
Genotype 1 (%) 70 (61.9) 45 (70.3) 25 (51) 5(62.5) 3(37.5) 7 (100) * *p=0.042 vs
all the others
genotypes

Genotype 2 (%) 14 (12.4) 10 (15.6) 4(8.2) 0 2(25) 0
Genotype 3 (%) 17 (15.1) 4(6.3) 12 (24.5) 2 (25) 2 (25) 0
Genotype 4 (%) 12 (10.6) 5(7.8) 8(16.3) 1(12.5) 1(12.5) 0
HCYV hepatitis C virus, HT Hashimoto’s thyroiditis

100

80

60

ONON-AUTOIMMUNE
Y% SUBCLINICAL
40 THYROID
DYSFUNCTION
20
OEUTHYROIDISM
0 n.7 | n.42 | n.4 | n.45 a4l n6o nl]ln63
BEFORE DAAs AFTER DAAs BEFORE DAAs AFTER DAAs
IFN-a GROUP NAIVE GROUP

Fig.2 Prevalence of non-autoimmune subclinical thyroid dysfunction in HCV patients of IFN-a and naive group before and after DAAs therapy.
The number of patients with thyroid dysfunction are reported in each column of the figure
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Discussion

It is well known that HCV patients may develop various
thyroid alterations related to HCV infections, as observed
in a significant proportion of HCV naive patients, and to
IFN-a treatment [7]. Recently, it has been shown that HCV
could directly infect the human thyroid cell, suggesting
its possible direct role in thyroid dysfunction. However,
several studies indicated that thyroid alterations may be
mediated by immunological mechanisms, rather than a
direct effect of HCV infection [1]. The impact of IFN-a
treatment on thyroid gland is well known and is mediated
by numerous immunomodulatory effects, such as immune
responses activation. According to these evidences, we
found higher prevalence of thyroid alterations in our series
compared to European [24, 25] and Sardinian [26, 27]
general population; as expected, we also observed a higher
prevalence of these alterations in IFN-a group (30.6%)
compared to naive (7.8%) group. The low prevalence of
ATA and TH (7.1%) observed in our series, was not com-
pletely unexpected on the basis of an our previous study
[27], in which we found no evidence for epidemiological
association between circulating ATA and antibodies to
HCYV in Sardinian general population. Despite this evi-
dence, similarly to the epidemiological data [24, 27, 28],
a higher rate of HT and hypothyroidism was observed in
female (11.6 and 16.3%) compared to male (4.3 and 0%),
respectively.

Until now, scanty studies have assessed the prevalence
of thyroid dysfunction related to HCV treatment with
DAAs and conflicting results are so far reported. In par-
ticular, in a study of Wahid et al. [29], performed on a
limited number of patients (37 patients on sofosbuvir and
26 IFN-«a treated patients), was reported high prevalence
of hypothyroidism in both groups, with 18.9% observed
in sofosbuvir group. In a more recent study, Wahid et al.
[30] confirmed a high risk of hypothyroidism in two
groups of HCV patients treated with different DAAs drugs
regimens (sofosbuvir + IFN-a 4+ ribavirin and sofosbu-
vir + daclatasvir + ribavirin), with higher prevalence of
hypothyroidism in the first DAAs group. Eletreby et al.
[31] studied a very large number of HCV naive patients
(13,402 patients), detecting at baseline a total of 21.1% of
hypothyroidism. Interestingly, in a subgroup of patients
(n=1236) of this series, TSH re-evaluated after DAAs
discontinuation and HCV disease resolution, resulted
improved in about 80% of cases. However, this study did
not assess autoimmune and morphological thyroid features
(thyroid autoantibodies and thyroid ultrasound) neither at
baseline nor after DAAs therapy discontinuation. Based
on these contradictory data, to clarify the impact of DAAs
drugs on thyroid gland, we systematically evaluate thyroid
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function, thyroid autoantibodies and thyroid US before and
after a full cycle of DA As therapy both in naive and IFN-o
with ribavirin previous treated HCV patients. For the first
time, our data suggest a limited or missing influence of
DAAs therapy on thyroid function and autoimmunity of
patients studied, as deduced by the unchanged number of
HT patients in IFN-a group and the absence of new cases
observed in both groups. Based on these evidences, we
speculate that, at difference of IFN-a treatment, DAAs
did not interfere on the immune system and did not affect
thyroid function.

Finally, according to the literature, we also observed a
high proportion of patients with non-autoimmune subclini-
cal thyroid dysfunction (54.5%) that became euthyroid after
DAAs discontinuation. We admit that, in patients with a
transient subclinical hyperthyroidism, the recovery of thy-
roid function, might also be explainable with the course of
nonthyroidal illness syndrome, related to HCV disease. In
addition, the impact of biological variation in TSH should be
considered as this influence thyroid function classification.
The diagnosis of subclinical hyperthyroidism was also sus-
tained by the detection of serum FT3 in the upper part of the
reference range (although this analyte should be evaluated
cautiously, since it may be influenced by binding proteins
modification and assay-variations); moreover, the reduction
of thyroid scintiscan uptake observed in two cases, lead to
the presumptive diagnosis of destructive thyroiditis. This
phenomenon could be explained by the achievement of a
sustained virological response after DAAs, that appears to
improve thyroid dysfunction, as recently described to Ele-
treby R et al. [31]. According to a recent review and meta-
analysis [1] and based on clinical outcome of our patients
with non-autoimmune subclinical thyroid dysfunction, we
agree that HCV infection might play a pathogenic role, and
as reported by Hammerstad et al. [32], thyroid alterations
may result both from indirect immunological mechanisms
and direct viral damage.

Conclusions

Our study conforms to other studies about the high preva-
lence of thyroid alterations related to HCV infection and
IFN-a treatment, that suggests periodic evaluation of thy-
roid status both in naive patients and in those under therapy.
Moreover, for the first time, the present study supports evi-
dence that direct-acting antivirals have a limited or miss-
ing influence on thyroid function and autoimmunity, both
in naive and IFN-a previously treated patients up to several
weeks after DAAs discontinuation. Finally, we provide evi-
dence that non-autoimmune subclinical thyroid dysfunc-
tion potentially induced by HCV infection may improve
after viral clearance with DAAs therapy. Further larger
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multicentric controlled studies are needed to confirm the
clinical relevance of our research.

Acknowledgements Centro Studio per la Prevenzione e Terapia delle
Malattie della Tiroide, University Hospital of Cagliari.

Author contributions Study concept and design: RR, PEM, VR, LC
and FB. Acquisition, analysis, or interpretation of data: RR, PEM, VR,
CB, GS, MC, FP, ML, SO, LC, FV and FB. Drafting of the manu-
script: RR, SM, LChessa and FB. Critical revision of the manuscript
for important intellectual content: SM, LC and FB. Statistical analysis:
RR, PEM and FB. Study supervision: FB.

Funding Open access funding provided by Universita degli Studi di
Cagliari within the CRUI-CARE Agreement. No funding was received
for conducting this study.

Data availability All data generated or analyzed during this study are
included in this published article.

Code availability Not applicable.

Declarations

Conflict of interest On behalf of all authors, the corresponding author
states that there is no conflict of interest.

Ethical approval This retrospective chart review study involving human
participants was in accordance with the ethical standards of the insti-
tutional and national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.
The Human Investigation Committee (IRB) of University of Cagliari
approved this study.

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study.

Consent to publication Patients signed informed consent regarding
publishing their data.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Shen Y, Wang XL, Xie JP, Shao JG, Lu YH, Zhang S, Qin G
(2016) Thyroid disturbance in patients with chronic hepatitis ¢
infection: a systematic review and meta-analysis. J Gastrointestin

10.

11.

12.

13.

Liver Dis 25:227-234. https://doi.org/10.15403/jgld.2014.1121.
252.chc

Dash S, Aydin Y, Widmer KE, Nayak L (2020) Hepatocellular
carcinoma mechanisms associated with chronic HCV infection
and the impact of direct-acting antiviral treatment. ] Hepatocell
Carcinoma 15(7):45-76. https://doi.org/10.2147/JHC.S221187
Hwang Y, Kim W, Kwon SY, Yu HM, Kim JH, Choe WH (2015)
Incidence of and risk factors for thyroid dysfunction during
peginterferon o and ribavirin treatment in patients with chronic
hepatitis C. Korean J Intern Med 30:792-800. https://doi.org/10.
3904/kjim.2015.30.6.792

Menconi F, Hasham A, Tomer Y (2011) Environmental triggers
of thyroiditis: hepatitis C and interferon-a. J Endocrinol Invest
34:78-84. https://doi.org/10.1007/BF03346699

Imagawa A, Itoh N, Hanafusa T, Oda Y, Waguri M, Miyagawa J,
Kono N, Kuwajima M, Matsuzawa Y (1995) Autoimmune endo-
crine disease induced by recombinant interferon-alpha therapy for
chronic active type C hepatitis. J Clin Endocrinol Metab 80:922—
926. https://doi.org/10.1210/jcem.80.3.7883851

Watanabe U, Hashimoto E, Hisamitsu T, Obata H, Hayashi N
(1994) The risk factor for development of thyroid disease during
interferon-alpha therapy for chronic hepatitis C. Am J Gastroen-
terol 89:399-403

Marazuela M, Garcia-Buey L, Gonzalez-Fernandez B, Garcia-
Monzén C, Arranz A, Borque MJ, Moreno-Otero R (1996) Thy-
roid autoimmune disorders in patients with chronic hepatitis C
before and during interferon-alpha therapy. Clin Endocrinol (Oxf)
44:635-642. https://doi.org/10.1046/j.1365-2265.1996.751768.x
Mammen JS, Ghazarian SR, Rosen A, Ladenson PW (2013) Pat-
terns of interferon-alpha-induced thyroid dysfunction vary with
ethnicity, sex, smoking status, and pretreatment thyrotropin in an
international cohort of patients treated for hepatitis C. Thyroid
23:1151-1158. https://doi.org/10.1089/thy.2012.0565

Baudin E, Marcellin P, Pouteau M, Colas-Linhart N, Le Floch
JP, Lemmonier C, Benhamou JP, Bok B (1993) Reversibility of
thyroid dysfunction induced by recombinant alpha interferon in
chronic hepatitis C. Clin Endocrinol (Oxf) 39:657-661. https://
doi.org/10.1111/j.1365-2265.1993.tb02423.x

Tomer Y, Menconi F (2009) Interferon induced thyroiditis. Best
Pract Res Clin Endocrinol Metab 23:703—-712. https://doi.org/10.
1016/j.beem.2009.07.004

Feld JJ, Jacobson IM, Hézode C, Asselah T, Ruane PJ, Gruener N,
Abergel A, Mangia A, Lai CL, Chan HL, Mazzotta F, Moreno C,
Yoshida E, Shafran SD, Towner WJ, Tran TT, McNally J, Osinusi
A, Svarovskaia E, Zhu Y, Brainard DM, McHutchison JG, Agar-
wal K, Zeuzem S, ASTRAL-1 Investigators (2015) Sofosbuvir
and velpatasvir for HCV genotype 1, 2, 4, 5, and 6 infection. N
Engl J Med 31(373):2599-2607. https://doi.org/10.1056/NEJMo
al512610

Foster GR, Afdhal N, Roberts SK, Bridu N, Gane EJ, Pianko S,
Lawitz E, Thompson A, Shiffman ML, Cooper C, Towner WJ,
Conway B, Ruane P, Bourliere M, Asselah T, Berg T, Zeuzem S,
Rosenberg W, Agarwal K, Stedman CA, Mo H, Dvory-Sobol H,
Han L, Wang J, McNally J, Osinusi A, Brainard DM, McHutch-
ison JG, Mazzotta F, Tran TT, Gordon SC, Patel K, Reau N,
Mangia A, Sulkowski M, ASTRAL-2 Investigators; ASTRAL-3
Investigators (2015) Sofosbuvir and velpatasvir for HCV genotype
2 and 3 infection. N Engl J Med 31(373):2608-2617. https://doi.
org/10.1056/NEJMoal512612

Gane E, Poordad F, Wang S, Asatryan A, Kwo PY, Lalezari J,
Wyles DL, Hassanein T, Aguilar H, Maliakkal B, Liu R, Lin CW,
Ng TI, Kort J, Mensa FJ (2016) High efficacy of ABT-493 and
ABT-530 treatment in patients with HCV genotype 1 or 3 infec-
tion and compensated cirrhosis. Gastroenterology 151:651-659.
el. https://doi.org/10.1053/j.gastro.2016.07.020

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15403/jgld.2014.1121.252.chc
https://doi.org/10.15403/jgld.2014.1121.252.chc
https://doi.org/10.2147/JHC.S221187
https://doi.org/10.3904/kjim.2015.30.6.792
https://doi.org/10.3904/kjim.2015.30.6.792
https://doi.org/10.1007/BF03346699
https://doi.org/10.1210/jcem.80.3.7883851
https://doi.org/10.1046/j.1365-2265.1996.751768.x
https://doi.org/10.1089/thy.2012.0565
https://doi.org/10.1111/j.1365-2265.1993.tb02423.x
https://doi.org/10.1111/j.1365-2265.1993.tb02423.x
https://doi.org/10.1016/j.beem.2009.07.004
https://doi.org/10.1016/j.beem.2009.07.004
https://doi.org/10.1056/NEJMoa1512610
https://doi.org/10.1056/NEJMoa1512610
https://doi.org/10.1056/NEJMoa1512612
https://doi.org/10.1056/NEJMoa1512612
https://doi.org/10.1053/j.gastro.2016.07.020

Journal of Endocrinological Investigation

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Zeuzem S, Foster GR, Wang S, Asatryan A, Gane E, Feld J1J,
Asselah T, Bourliere M, Ruane PJ, Wedemeyer H, Pol S, Flisiak
R, Poordad F, Chuang WL, Stedman CA, Flamm S, Kwo P, Dore
GJ, Sepulveda-Arzola G, Roberts SK, Soto-Malave R, Kaita K,
Puoti M, Vierling J, Tam E, Vargas HE, Bruck R, Fuster F, Paik
SW, Felizarta F, Kort J, Fu B, Liu R, Ng TI, Pilot-Matias T, Lin
CW, Trinh R, Mensa FJ (2018) Glecaprevir-pibrentasvir for 8
or 12 weeks in HCV genotype 1 or 3 infection. N Engl J] Med
25(378):354-369. https://doi.org/10.1056/NEIMoal702417
Kwo PY, Poordad F, Asatryan A, Wang S, Wyles DL, Hassanein
T, Felizarta F, Sulkowski MS, Gane E, Maliakkal B, Overcash JS,
Gordon SC, Muir AJ, Aguilar H, Agarwal K, Dore GJ, Lin CW,
Liu R, Lovell SS, Ng TI, Kort J, Mensa FJ (2017) Glecaprevir
and pibrentasvir yield high response rates in patients with HCV
genotype 1-6 without cirrhosis. J Hepatol 67:263-271. https://doi.
org/10.1016/j.jhep.2017.03.039

Puoti M, Foster GR, Wang S, Mutimer D, Gane E, Moreno C,
Chang TT, Lee SS, Marinho R, Dufour JF, Pol S, Hezode C, Gor-
don SC, Strasser SI, Thuluvath PJ, Zhang Z, Lovell S, Pilot-Matias
T, Mensa FJ (2018) High SVR12 with 8-week and 12-week gle-
caprevir/pibrentasvir therapy: an integrated analysis of HCV
genotype 1-6 patients without cirrhosis. J Hepatol 69:293-300.
https://doi.org/10.1016/j.jhep.2018.03.007

Carrion AF, Martin P (2018) Glecaprevir + pibrentasvir for
treatment of hepatitis C. Expert Opin Pharmacother 19:413-419.
https://doi.org/10.1080/14656566.2018.1444030

Loy M, Cianchetti ME, Cardia F, Melis A, Boi F, Mariotti S
(2004) Correlation of computerized gray-scale sonographic find-
ings with thyroid function and thyroid autoimmune activity in
patients with Hashimoto’s thyroiditis. J Clin Ultrasound 32:136—
140. https://doi.org/10.1002/jcu.20008

Pedersen OM, Aardal NP, Larssen TB, Varhaug JE, Myking O,
Vik-Mo H (2000) The value of ultrasonography in predicting auto-
immune thyroid disease. Thyroid 10:251-259. https://doi.org/10.
1089/thy.2000.10.251

Ito Y, Amino N, Yokozawa T, Ota H, Ohshita M, Murata N,
Morita S, Kobayashi K, Miyauchi A (2007) Ultrasonographic
evaluation of thyroid nodules in 900 patients: comparison among
ultrasonographic, cytological, and histological findings. Thyroid
17:1269-1276. https://doi.org/10.1089/thy.2007.0014

Boi F, Pani F, Calo PG, Lai ML, Mariotti S (2018) High
prevalence of papillary thyroid carcinoma in nodular Hashi-
moto’s thyroiditis at the first diagnosis and during the follow-
up. J Endocrinol Invest 41:395-402. https://doi.org/10.1007/
s40618-017-0757-0

Surks MI, Chopra 1J, Mariash CN, Nicoloff JT, Solomon DH
(1990) American thyroid association guidelines for use of labo-
ratory tests in thyroid disorders. JAMA 16(263):1529-1532
Surks M1, Ortiz E, Daniels GH, Sawin CT, Col NF, Cobin RH,
Franklyn JA, Hershman JM, Burman KD, Denke MA, Gorman
C, Cooper RS, Weissman NJ (2004) Subclinical thyroid disease:

@ Springer

24.

25.

26.

27.

28.

29.

30.

31.

32.

scientific review and guidelines for diagnosis and management.
JAMA 14(291):228-238. https://doi.org/10.1001/jama.291.2.228
GarmendiaMadariaga A, Santos Palacios S, Guillén-Grima F,
Galofré JC (2014) The incidence and prevalence of thyroid dys-
function in Europe: a meta-analysis. J Clin Endocrinol Metab
99:923-931. https://doi.org/10.1210/jc.2013-2409

McLeod DS, Cooper DS (2012) The incidence and prevalence of
thyroid autoimmunity. Endocrine 42:252-265. https://doi.org/10.
1007/512020-012-9703-2

Delitala AP, Pilia MG, Ferreli L, Loi F, Curreli N, Balaci L,
Schlessinger D, Cucca F (2014) Prevalence of unknown thyroid
disorders in a Sardinian cohort. Eur J Endocrinol 171(1):143-149.
https://doi.org/10.1530/EJE-14-0182

Loviselli A, Oppo A, Velluzzi F, Atzeni F, Mastinu GL, Farci P,
Orgiana G, Balestrieri A, Cocco PL, Mariotti S (1999) Independ-
ent expression of serological markers of thyroid autoimmunity and
hepatitis virus C infection in the general population: results of a
community-based study in north-western Sardinia. J Endocrinol
Invest 22(9):660-665. https://doi.org/10.1007/BF03343626
Bocchetta A, Ambrosiani L, Baggiani G, Pisanu C, Chillotti C,
Ardau R, Velluzzi F, Piras D, Loviselli A, Pani A (2018) Circulat-
ing antithyroid antibodies contribute to the decrease of glomerular
filtration rate in lithium-treated patients: a longitudinal study. Int J
Bipolar Disord 6(1):3. https://doi.org/10.1186/s40345-017-0114-4
Wahid B, Waqar M, Rasool N, Wasim M, Khalid I, Idrees M
(2019) Prevalence of thyroid stimulating hormone dysfunction
among sofosbuvir-treated HCV-infected patients: a real-world
clinical experience. J] Med Virol 91:514-517. https://doi.org/10.
1002/jmv.25319

Wahid B, Shami K, Joiya SA, Ozuyar SEG, Idrees M (2020)
Comparing the risk of hypothyroidism in HCV patients treated
with different DAA drugs combinations (sofosbuvir + interferon
+ ribavirin and sofosbuvir + daclatasvir + ribavirin). J Med Virol.
https://doi.org/10.1002/jmv.25931

Eletreby R, Said M, Abdellatif Z, Saad Y, ElSerafy M, Dabes
H, ElSaeed K, El-Shazly Y, Doss W (2018) High prevalence of
HCV (GT4)-related TSH abnormality among 13402 Egyptian
patients treated with direct acting antiviral therapy. Hepatol Int
12:143-148. https://doi.org/10.1007/s12072-018-9845-2
Hammerstad SS, Blackard JT, Lombardi A, Owen RP, Concepcion
E, Yi Z, Zhang W, Tomer Y (2020) Hepatitis C virus Infection
of human thyrocytes: metabolic, hormonal, and immunological
implications. J Clin Endocrinol Metab 1(105):1157-1168. https://
doi.org/10.1210/clinem/dgz241

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1056/NEJMoa1702417
https://doi.org/10.1016/j.jhep.2017.03.039
https://doi.org/10.1016/j.jhep.2017.03.039
https://doi.org/10.1016/j.jhep.2018.03.007
https://doi.org/10.1080/14656566.2018.1444030
https://doi.org/10.1002/jcu.20008
https://doi.org/10.1089/thy.2000.10.251
https://doi.org/10.1089/thy.2000.10.251
https://doi.org/10.1089/thy.2007.0014
https://doi.org/10.1007/s40618-017-0757-0
https://doi.org/10.1007/s40618-017-0757-0
https://doi.org/10.1001/jama.291.2.228
https://doi.org/10.1210/jc.2013-2409
https://doi.org/10.1007/s12020-012-9703-2
https://doi.org/10.1007/s12020-012-9703-2
https://doi.org/10.1530/EJE-14-0182
https://doi.org/10.1007/BF03343626
https://doi.org/10.1186/s40345-017-0114-4
https://doi.org/10.1002/jmv.25319
https://doi.org/10.1002/jmv.25319
https://doi.org/10.1002/jmv.25931
https://doi.org/10.1007/s12072-018-9845-2
https://doi.org/10.1210/clinem/dgz241
https://doi.org/10.1210/clinem/dgz241

	Direct-acting antivirals used in HCV-related liver disease do not affect thyroid function and autoimmunity
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patients
	Thyroid function assays
	Thyroid ultrasound
	Definition of hyperthyroidism, hypothyroidism and autoimmune thyroid disease
	Statistical analysis

	Results
	Patient characteristics
	Thyroid alterations before starting DAAs therapy
	Thyroid autoimmunity
	Hypothyroidism
	Hyperthyroidism
	Thyroid alterations and viral genotypes
	Thyroid alterations after DAAs therapy discontinuation

	Discussion
	Conclusions
	Acknowledgements 
	References




