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Thyroid dysfunction is
associated with the loss of
hepatitis B surface antigen in
patients with chronic hepatitis
B undergoing treatment with
a-interferon
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Abstract

Objective: To investigate the influence of thyroid dysfunction on the antiviral efficacy of a-inter-
feron in adult patients with chronic hepatitis B (CHB).

Methods: We performed a retrospective study of 342 patients with CHB who underwent

interferon treatment for >12 weeks. Patients with thyroid dysfunction before or during treat-

ment were defined as the thyroid dysfunction group (n¼ 141) and those with normal thyroid

function were defined as the normal thyroid function group (n¼ 201). The prevalences of

hepatitis B virus (HBV) DNA undetectability, low hepatitis B surface antigen (HBsAg) titre

(<250 IU/mL), HBsAg loss, and hepatitis B envelope antigen loss were compared.

Results: During interferon treatment, 69 of 270 (25.6%) participants with normal thyroid func-

tion at baseline developed thyroid dysfunction, whereas 11 of 72 (15.3%) with thyroid dysfunction

at baseline regained normal thyroid function. The thyroid dysfunction group had significantly

higher prevalences of low HBsAg titre (29.8% vs. 18.9%) and HBV DNA undetectability (66.0%

vs. 40.3%). Multivariate logistic regression analysis showed that thyroid dysfunction was associ-

ated with HBsAg loss (odds ratio 4.945, 95% confidence interval 1.325–18.462).
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Conclusions: These results suggest that thyroid dysfunction is not an absolute contraindication,

but is associated with HBsAg loss, in patients with CHB undergoing a-interferon treatment.
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Introduction

Chronic hepatitis B (CHB) is caused by per-
sistent infection with hepatitis B virus

(HBV)1 and is a leading cause of death
worldwide.2 According to the World
Health Organisation Global Hepatitis
Report, an estimated 257 million people,
or 3.5% of the global population, were

chronically infected with HBV in 2015,3

resulting in 887,000 deaths.4 In China,
nearly 90 million people were chronically
infected with HBV, accounting for one-

third of the global cases.5 CHB resulted in
prevalences of cirrhosis and hepatocellular
carcinoma (HCC) in Chinese patients of
60% and 80%, respectively.6

The purpose of antiviral therapy is to
delay or ameliorate HBV-related hepatic

inflammatory necrosis, liver fibrosis, liver
failure, cirrhosis decompensation, HCC
and other complications, thereby improving
quality of life and prolonging survival.7 At
present, the major clinical guidelines recom-

mend the use of a nucleoside/nucleotide
analogue (NA, such as entecavir and teno-
fovir) and interferon (IFN) as the first-line
therapy for CHB.8–10 IFNs are a family of

multifunctional cytokines with antiviral,
antiproliferative and immunomodulatory
effects11 and have been demonstrated to
reduce the levels of HBV DNA, hepatitis

B surface antigen (HBsAg) and HBV cova-
lently closed circular DNA.11 In addition, it
has been shown that IFN is superior to
NAs for CHB treatment in terms of

HBsAg loss and hepatitis B envelope anti-
gen (HBeAg) seroconversion.12 However,
the current IFN therapy for patients with
CHB has variable degrees of adverse
effects, including flu-like, dermatologic,
hematologic, gastrointestinal, and ophthal-
mologic symptoms; thyroid dysfunction;
and depression.13

A phase III clinical trial of a-IFN thera-
py for CHB showed that the prevalence of
thyroid dysfunction during therapy is
approximately 4.9%, and this can be
either hyperthyroidism or hypothyroid-
ism.14 The Chinese Expert Consensus on
the Management of Adverse Events
during IFN Therapy for CHB suggests
that patients who have thyroid dysfunction
prior to antiviral treatment should have
their thyroid dysfunction treated first, and
IFN therapy should not be administered
until the thyroid dysfunction is con-
trolled.15 Nevertheless, there is insufficient
evidence to suggest that thyroid dysfunc-
tion should be an absolute contraindication
for IFN therapy. For patients who have
normal baseline thyroid function but devel-
op thyroid dysfunction during IFN treat-
ment, the Chinese Expert Consensus
recommends that mild side-effects, such as
subclinical hypothyroidism or hyperthy-
roidism, do not need to be treated, but
that patients with hypothyroidism or mild
Graves’ disease can continue IFN therapy
alongside thyroxine or anti-thyroid hor-
mone therapy, respectively.15,16 However,
there is no strong evidence to support this
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notion. Moreover, with respect to the
adverse event of IFN-induced thyroid dys-

function, the impact of thyroid dysfunction
on the efficacy of IFN treatment and the

final outcome of the thyroid dysfunction
are largely unknown. Therefore, to deter-

mine the relationship between IFN treat-
ment and thyroid dysfunction, we aimed

to investigate the influence of thyroid dys-
function on the therapeutic effect of IFN

treatment in adult patients with CHB.

Methods

Patients

We performed a retrospective study of
patients with CHB who were treated using

IFN at Nanfang Hospital, Southern
Medical University, between December

2010 and December 2017. The inclusion cri-
teria were: 1) anti-viral treatment indicated

for CHB; 2) age >18 years and 3) IFN
treatment for >12 weeks. The exclusion cri-

teria were: 1) co-infection with hepatitis A
virus, hepatitis C virus, hepatitis D virus or

hepatitis E virus and 2) decompensated cir-
rhosis, metabolic liver disease or autoim-

mune hepatitis.
The study was registered with the

Chinese Clinical Trial Registry (www.ch
ictr.org.cn; identifier: ChiCTR18000

20428). Ethics approval was given by the
Chinese Ethics Committee for the

Registration of Clinical Trials (reference
number ChiECRCT-20180219) and the

requirement for written informed consent
was waived by the ChiECRCT due to the

retrospective nature of the study.

Data collection

The participants’ medical records were ret-

rospectively reviewed to collect baseline
demographic (age, sex) and clinical (type

of IFN therapy, duration of treatment and
laboratory test) data. The laboratory data

collected included indices of thyroid func-
tion, biochemical parameters, and markers
of HBV infection and viral load at various
time points before and during treatment
(12, 24, 36 and 48 weeks after starting treat-
ment). The thyroid function data collected
were thyroid stimulating hormone (TSH),
free triiodothyronine (FT3), free thyroxine
(FT4), triiodothyronine (T3), thyroxine
(T4), thyroid-stimulating receptor autoanti-
body (TRAb), anti-thyroid peroxidase
(anti-TPO) and anti-thyroglobulin anti-
body (anti-TG). These concentrations
were determined using the ADVIA
Centaur CP Immunoassay System
(Siemens, Erlangen, Germany). Hepatitis
B virus marker (HBsAg (lower limit of
detection [LLOD] 0.05 IU/mL), HBeAg,
and HBeAb) concentrations were deter-
mined using chemiluminescent microparti-
cle immunoassays on a Roche Cobas E601
Immunology analyser (Roche, Basel,
Switzerland). HBV DNA was determined
using a Cobas Taqman 480 analyser
(Roche), with a LLOD of 1000 copies/mL.

Thyroid function and participant grouping

Thyroid function was analysed at baseline
and during IFN treatment. The types of
thyroid dysfunction identified were hyper-
thyroidism, subclinical hyperthyroidism,
hypothyroidism, subclinical hypothyroid-
ism and single indicator abnormality.
Hyperthyroidism was defined as a subnor-
mal TSH concentration and high serum
concentration of T3, FT3, T4 and/or FT4.
Subclinical hyperthyroidism was defined as
a low or undetectable serum TSH concen-
tration, with values of T3, FT3, T4 and FT4
within the normal reference ranges.
Hypothyroidism was defined as a high
TSH concentration and subnormal T3 and
FT3 and/or T4 and FT4 concentrations.
Subclinical hypothyroidism was defined as
a high TSH concentration, with the concen-
trations of T3, FT3, T4 and FT4 within the
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normal reference ranges. Single indicator

abnormality was defined as an abnormality

in one of the following thyroid function

indicators: FT3, FT4, T3, T4, TRAb, anti-

TPO and anti-TG.
The participants were placed into groups

according to their thyroid function.

Participants with normal thyroid function

before and during the whole period of

IFN treatment were placed into a normal

thyroid function group, and those with thy-

roid dysfunction at baseline and/or during

IFN treatment were placed into a thyroid

dysfunction group.

IFN treatment and antiviral efficacy

Patients were administered PegIFNa-2a
180mg once weekly, PegIFNa-2b 80mg
once weekly, IFNa-1b 30mg every 2 days

or IFNa-2b 3,000,000 IU every 2 days.

HBV DNA undetectability was defined as

HBV DNA <1000 copies/mL and a low

concentration of HBsAg was defined as

HBsAg <250 IU/mL at the end of the IFN

treatment. The cut-off value used to define

HBsAg loss was 0.05 IU/mL and that for

HBeAg loss was 1.00 signal-to-cut-off (s/co).

Statistical analysis

Categorical data are expressed as counts

and percentages and continuous data as

mean (standard deviation [SD]) or median

(range). Categorical data were analysed

using the chi-square test or Fisher’s exact

test and continuous data were analysed

using Student’s t-test or the Mann–

Whitney U-test. Multivariate logistic

regression analysis was used to identify fac-

tors that were independently associated

with antiviral efficacy. Analyses were per-

formed using SPSS (IBM, Inc., Armonk,

NY, USA) and statistical significance was

accepted at p< 0.05.

Results

Demographic and clinical characteristics

of the participants

A total of 342 participants with CHB (94

women and 248 men; mean age 28.32�6.25
years) who underwent IFN treatment between

December 2010 and December 2017 were
included. Before IFN treatment, 270 (78.9%)

of the participants had normal thyroid func-
tion and 72 (21.1%) had thyroid dysfunction.

Thyroid dysfunction at baseline comprised

hyperthyroidism (n¼ 2, 2.78%), subclinical
hyperthyroidism (n¼ 23, 31.94%), hypothy-

roidism (n¼ 1, 1.39%), subclinical hypothy-
roidism (n¼ 1, 1.39%) and single thyroid

indicator abnormality (n¼ 45, 62.50%).

Development of thyroid dysfunction

during IFN treatment

Of the 270 participants with normal thyroid
function at baseline, 69 (25.6%) developed

thyroiddysfunctionduring the IFNtreatment.
Sixteen participants developed hyperthyroid-

ism (5.9%) and five of these discontinued IFN
treatment (duration of IFN treatment <48

weeks). Three participants were treated with
antithyroid drugs and their thyroid function

returned to normal; the other 13 participants

were not treated in this way, but their thyroid
function returned to normal after stopping the

IFN treatment.
Four participants had hypothyroidism

(4/270, 1.5%) during IFN treatment, and
although none of these were administered

anti-hypothyroidism medication, their thy-
roid function returned to normal after stop-

ping the IFN treatment.
After 12 weeks of IFN treatment, one

participant developed Hashimoto’s thyroid-
itis but was not administered drug treat-

ment for hyperthyroidism. However, after
24 weeks, the IFN was discontinued and

propylthiouracil was administered for 3
months, until the thyroid function returned
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to normal. The thyroid function then

remained normal during the follow-up

period and the participant showed a good

virological response and HBsAg loss.
There were 17 participants with subclin-

ical hyperthyroidism (17/270, 6.3%), six

with subclinical hypothyroidism (6/270,

2.2%), and 25 (25/270, 9.3%) with single

indicator abnormality. None of these were

administered drug treatment for thyroid

dysfunction.

Outcomes of baseline thyroid dysfunction

after IFN treatment

None of the 72 participants with thyroid

dysfunction at baseline experienced serious

adverse events during IFN therapy.

Thyroid function unexpectedly returned to

normal in 11 participants (11/72, 15.3%),

but the thyroid dysfunction persisted in

the other 61 (61/72, 84.7%). The changes

in thyroid function during IFN treatment

in the 72 participants who had thyroid dys-

function at baseline are summarized in

Figure 1.
In one participant with baseline hypo-

thyroidism, the thyroid function returned

to normal during the treatment. The one

participant with baseline subclinical

hypothyroidism remained subclinically

hypothyroid.
Of the two participants with baseline

hyperthyroidism, one remained

Figure 1. Changes in thyroid function during interferon treatment in the 72 participants with thyroid
dysfunction at baseline.
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hyperthyroid, but had no obvious symp-
toms. IFN therapy was discontinued in
this participant after 24 weeks because of
a poor virological response. The other par-
ticipants with baseline hyperthyroidism
continued the IFN treatment for 48 weeks
and were not administered anti-
hyperthyroid drug therapy, but their thy-
roid function had returned to normal by
the 36-week time point.

Of the 45 participants with single indica-
tor abnormality, three had become hyper-
thyroid by 36 or 48 weeks, two became
subclinically hyperthyroid, and the other
40 maintained a single indicator abnormal-
ity. Of the participants with a single indica-
tor abnormality at baseline (n¼ 45) or
during IFN treatment (n¼ 25), 47 of 70
(67.1%) achieved HBV DNA undetectabil-
ity during IFN treatment. In addition, all
participants with TRAb abnormality
achieved HBV DNA undetectability
(n¼ 6, 100%) and half achieved HBsAg
loss (n¼ 3, 50%). All of the participants
with anti-TPO antibodies achieved HBV
DNA undetectability (n¼ 4).

Of the 23 participants with subclinical
hyperthyroidism at baseline, eight remained
subclinically hyperthyroid, one became sub-
clinically hypothyroid, and two switched to
having a single indicator abnormality. In
addition, three participants became hyper-
thyroid, one of whom discontinued their
IFN treatment. The thyroid function
returned to normal in nine of these
participants.

Comparison of the baseline
characteristics of the normal thyroid and
thyroid dysfunction groups

The 72 participants with thyroid dysfunc-
tion at baseline and the 69 with thyroid dys-
function during treatment were placed in
the thyroid dysfunction group (n¼ 141),
and the 201 participants with normal thy-
roid function before and during the entire

IFN treatment period were placed in the
normal thyroid group (n¼ 201). Then, the
baseline characteristics of the two groups
were compared. The mean age of the thy-
roid dysfunction group was significantly
higher than that of the normal thyroid func-
tion group (27.71 vs. 29.20 years,
P¼ 0.030). The HBsAg concentration at
the end of treatment was significantly
lower in the thyroid dysfunction group
than in the normal thyroid function group
(2.76 vs. 2.43 log10 IU/mL, P¼ 0.035).
There were no significant differences in
sex, baseline HBsAg, the prevalence of
HBeAg positivity, HBV DNA concentra-
tion, alanine aminotransferase (ALT) activ-
ity, treatment duration or the incidence of
an early interruption of IFN treatment
(Table 1).

Comparison of the antiviral efficacy of
IFN in the two groups

The antiviral efficacy of IFN was evaluated
using the prevalences of low HBsAg con-
centration (<250 IU/mL), HBsAg loss,
HBV DNA undetectability and HBeAg
loss. In HBeAg-positive participants, the
thyroid dysfunction group had significantly
higher prevalences of low HBsAg (34/110,
30.9% vs. 29/157, 18.5%, P¼ 0.018) and
HBV DNA undetectability (75/110, 68.2%
vs. 72/157, 45.9%, P< 0.001) than the
normal thyroid function group. However,
there were no significant differences in the
prevalences of HBsAg loss (8/110, 7.3% vs.
4/157, 2.5%, P¼ 0.125) or HBeAg loss (24/
110, 21.8% vs. 29/157, 18.5%, P¼ 0.500)
between the two groups (Table 2). A com-
parison of the entire group of participants
yielded similar results: the thyroid dysfunc-
tion group had significantly higher preva-
lences of low HBsAg (42/141, 29.8% vs.
38/201, 18.9%, P¼ 0.019) and HBV DNA
undetectability (93/141, 66.0% vs. 81/201,
40.3%, P< 0.001) than the normal thyroid
function group (Table 3).
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Factors independently associated with

antiviral efficacy

To identify factors that were independently

associated with the antiviral efficacy of

IFN, univariate and multivariate logistic
regression analyses were performed. The
univariate regression analysis showed that
high baseline ALT activity was associated
with HBV DNA undetectability (odds ratio

Table 1. Comparison of the baseline characteristics of the normal thyroid group and the thyroid
dysfunction group.

Normal thyroid function

group (n¼201)

Thyroid dysfunction

group (n¼141) P value

Age (years) 27.71� 5.98 29.20� 6.53 0.030

Men (n, %) 151 (75.1%) 97 (68.8%) 0.197

Baseline HBsAg (log10 IU/mL) 3.84 (3.26–4.28) 3.85 (3.41–4.28) 0.800

Baseline HBeAg-positive† (n, %) 157/178 (88.2%) 110/129 (85.3%) 0.451

Baseline HBV DNA (log10 copies/mL) 7.18 (6.39–7.85) 7.04 (6.11–7.67) 0.090

Baseline ALT activity (U/L) 129.50 (98.00–218.92) 148.00 (100.00–264.00) 0.684

Duration of treatment (weeks) 40.53� 10.98 42.00� 9.65 0.192

Early interruption of interferon

treatment (n, %)

71 (35.3%) 47 (33.3%) 0.703

End-of-treatment HBsAg (log10 IU/mL) 2.76� 1.36 2.43� 1.49 0.035

†HBeAg-positivity was defined as �1.00 s/co. Continuous data were analysed using Student’s t-test and categorical data

were analysed using the chi-square test. P-values< 0.05 are shown in bold and italics.

HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; ALT, alanine

aminotransferase.

Table 2. Comparison of the antiviral efficacy of interferon treatment in HBeAg-positive participants in each
group.

Normal thyroid

function group (n¼ 157)

Thyroid dysfunction

group (n¼ 110) P-value

Low HBsAg concentration (<250 IU/mL) 29 (18.5%) 34 (30.9%) 0.018

HBsAg loss 4 (2.5%) 8 (7.3%) 0.125

HBV DNA undetectability 72 (45.9%) 75 (68.2%) <0.001

HBeAg loss 29 (18.5%) 24 (21.8%) 0.500

Data are presented as n (%). The groups were compared using the v2 test. P-values< 0.05 are shown in bold and italics.

HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HBeAg, hepatitis B envelope antigen.

Table 3. Comparison of the antiviral efficacy of interferon in each group.

Normal thyroid function

group (n¼ 201)

Thyroid dysfunction

group (n¼ 141) P-value

Low HBsAg concentration (<250 IU/mL) 38 (18.9%) 42 (29.8%) 0.019

HBsAg loss 7 (3.5%) 8 (5.7%) 0.33

HBV DNA undetectability 81 (40.3%) 93 (66.0%) <0.001

Data are presented as n (%). The groups were compared using the v2 test. P-values< 0.05 are shown in bold and italics.

HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus.
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[OR]¼1.004, 95% confidence interval
[CI]¼.002 to 1.007, P< 0.001). Thyroid
dysfunction was associated with HBsAg
loss (OR¼5.407, 95% CI¼1.354 to 21.596,
P¼ 0.017). In addition, female sex
(OR¼2.411, 95% CI¼1.083 to 5.365,
P¼ 0.031) and younger age (OR¼0.944,
95% CI¼0.895 to 0.995, P¼ 0.032) were
significantly associated with HBeAg loss
in HBeAg-positive participants (Table 4).

In the multivariate analysis, among the
HBeAg-positive participants, female sex
was found to be independently associated
with HBeAg loss (OR¼2.389, 95%
CI¼1.062 to 5.372, P¼ 0.035). In the
entire sample, ALT activity was associated
with HBV DNA undetectability
(OR¼1.003, 95% CI¼1.001 to 1.006,
P¼ 0.005). In addition, thyroid dysfunction
was independently associated with HBsAg
loss (OR¼4.945, 95% CI¼1.325 to 18.462,
P¼ 0.017). However, the differences
between the groups with respect to HBV
DNA undetectability, low HBsAg, and
HBeAg loss were not significantly different
(Table 5).

Discussion

In the present study, we investigated the
relationship between thyroid dysfunction
and the therapeutic efficacy of IFN treat-
ment in adult patients with CHB. During
the IFN treatment, 69 out of 270 (25.6%)
participants with normal thyroid function
at baseline developed thyroid dysfunction,
whereas the thyroid function returned to
normal in 11 of 72 participants (15.3%)
who had thyroid dysfunction at baseline.
The thyroid dysfunction group had signifi-
cantly higher prevalences of low HBsAg
concentration and HBV DNA undetectabil-
ity than the normal thyroid function group.
Furthermore, multivariate logistic regres-
sion analysis demonstrated that thyroid
dysfunction was associated with HBsAg
loss. Taken together, these results suggest

that thyroid dysfunction is not an absolute
contraindication for IFN therapy, and may
in fact improve the therapeutic efficacy of
IFN for CHB. To the best of our knowl-
edge, this is the first study to report an asso-
ciation between thyroid dysfunction and
the treatment of CHB with IFN.

IFN therapy may induce thyroid dys-
function. In the present study, 69 patients
with normal thyroid function developed
thyroid dysfunction during treatment.
However, in most of these patients, thyroid
function returned to normal after discontin-
uation of the IFN therapy. If thyroid dys-
function occurs during IFN therapy, drug
treatment may be considered, and the deter-
mination of whether to continue IFN ther-
apy should be based on the response to
treatment. In the present study, only three
participants with hyperthyroidism and
one with Hashimoto’s thyroiditis were
administered drug treatment for thyroid
dysfunction. The mechanism underlying
IFN-induced thyroid dysfunction is still
not fully understood. The results of some
studies have suggested that IFN may
induce thyroid dysfunction via its immuno-
modulatory effects17,18 or through direct
toxic effects on the thyroid.19,20 IFN has
diverse effects on the immune response
and may induce thyroid autoimmunity,
which leads to thyroid dysfunction.17 In
the present study, participants with an
abnormality in a single indicator were
placed in the thyroid dysfunction group.
However, in clinical practice, a single
abnormality may not be of clinical signifi-
cance or require medication, but rather just
regular follow up to monitor thyroid func-
tion. Nevertheless, a single abnormality in
patients with CHB who are undergoing
IFN therapy, and particularly in those
with abnormal TRAb or anti-TPO concen-
trations, might be associated with a better
outcome of IFN treatment.

In the present study, of the 72 partici-
pants with thyroid dysfunction at baseline,

8 Journal of International Medical Research



T
a
b
le

4
.
R
e
su
lt
s
o
f
u
n
iv
ar
ia
te

lo
gi
st
ic
re
gr
e
ss
io
n
an
al
ys
is
to

id
e
n
ti
fy

fa
ct
o
rs

th
at

ar
e
in
d
e
p
e
n
d
e
n
tl
y
as
so
ci
at
e
d
w
it
h
an
ti
vi
ra
l
e
ff
ic
ac
y.

P
ar
am

e
te
r

H
B
V
D
N
A
u
n
d
e
te
ct
ab
ili
ty

L
o
w

H
B
sA

g
co
n
ce
n
tr
at
io
n

H
B
sA

g
lo
ss

H
B
e
A
g
lo
ss

O
d
d
s

ra
ti
o

9
5
%

C
I

P-
va
lu
e

O
d
d
s

ra
ti
o

9
5
%

C
I

P-
va
lu
e

O
d
d
s

ra
ti
o

9
5
%

C
I

P-
va
lu
e

O
d
d
s

ra
ti
o

9
5
%

C
I

P-
va
lu
e

A
ge

0
.9
6
5

0
.9
2
3
–
1
.0
0
8

0
.1
1
2

0
.9
8
0

0
.9
3
3
–
1
.0
2
8

0
.4
0
6

0
.9
8
3

0
.9
0
0
–
1
.0
7
5

0
.7
1
2

0
.9
4
4

0
.8
9
5
–
0
.9
9
5

0
.0
3
2

Se
x
(F
e
m
al
e
)

0
.5
7
7

0
.2
8
1
–
1
.1
0
3

0
.0
9
3

0
.8
7
2

0
.4
5
3
–
1
.6
8
0

0
.6
8
3

0
.7
7
7

0
.2
0
9
–
2
.8
8
6

0
.7
0
6

2
.4
1
1

1
.0
8
3
–
5
.3
6
5

0
.0
3
1

B
as
e
lin
e
H
B
sA

g
co
n
ce
n
tr
a-

ti
o
n
(l
o
g1
0
IU
/m

L
)

0
.4
6
7

0
.1
9
3
–
1
.1
2
6

0
.0
9
0

1
.0
0
0

1
.0
0
0
–
1
.0
0
0

0
.8
6
1

1
.0
0
0

1
.0
0
0
–
1
.0
0
0

0
.1
5
6

1
.0
0
0

1
.0
0
0
–
1
.0
0
0

0
.4
7
0

B
as
e
lin
e
H
B
e
A
g
(p
o
si
ti
ve

vs
.

n
e
ga
ti
ve
)

0
.9
3
2

0
.4
0
9
–
2
.1
2
3

0
.8
6
6

0
.7
5
7

0
.3
2
2
–
1
.7
8
3

0
.5
2
5

0
.9
5
4

0
.2
1
0
–
4
.3
3
1

0
.9
5
1

B
as
e
lin
e
H
B
V
D
N
A
co
n
ce
n
-

tr
at
io
n
(l
o
g1
0
co
p
ie
s/
m
L
)

1
.0
0
0

0
.9
9
8
–
1
.0
0
1

0
.6
4
4

1
.0
0
0

1
.0
0
0
–
1
.0
0
0

0
.3
8
5

1
.0
0
0

1
.0
0
0
–
1
.0
0
0

0
.8
3
7

1
.0
0
0

1
.0
0
0
–
1
.0
0
0

0
.8
9
9

IF
N

re
gi
m
e
n
(s
h
o
rt
-a
ct
in
g
vs
.

lo
n
g-
ac
ti
n
g)

1
.3
8
4

0
.7
3
7
–
2
.5
9
7

0
.3
1
2

0
.9
6
4

0
.4
9
6
–
1
.8
7
4

0
.9
1
4

0
.8
0
9

0
.2
1
4
–
3
.0
5
3

0
.7
5
4

1
.2
0
5

0
.5
9
6
–
2
.4
3
5

0
.6
0
4

T
hy
ro
id

fu
n
ct
io
n
(a
b
n
o
rm

al
)

0
.7
8
1
–
2
.6
1
8

0
.8
6
0
–
3
.9
3
6

0
.2
4
7

1
.1
2
4

0
.6
0
8
–
2
.0
7
7

0
.7
0
9

5
.4
0
7

1
.3
5
4
–
2
1
.5
9
6

0
.0
1
7

1
.0
7
5

0
.5
5
0
–
2
.1
0
2

0
.8
3
2

D
u
ra
ti
o
n
o
f
tr
ea
tm

e
n
t

(w
e
e
k
s)

1
.0
2
2

0
.9
5
2
–
1
.0
9
7

0
.5
4
3

1
.0
5
5

0
.9
7
9
–
1
.1
3
6

0
.1
6
0

1
.1
5
6

0
.9
5
5
–
1
.3
9
9

0
.1
3
8

0
.9
9
7

0
.9
2
2
–
1
.0
7
7

0
.9
3
2

P
at
ie
n
ts

w
it
h
an

e
ar
ly
in
te
r-

ru
p
ti
o
n
o
f
IF
N

tr
e
at
m
en
t

(n
,
%
)

1
.0
5
9

0
.2
4
5
–
4
.5
7
7

0
.9
3
9

2
.2
2
2

0
.4
9
9
–
9
.9
0
8

0
.2
9
5

9
.3
6
5

0
.3
7
1
–
2
3
6
.2
9
5

0
.1
7
4

0
.6
2
1

0
.1
2
1
–
3
.1
7
6

0
.5
6
7

E
n
d
-o
f-
tr
e
at
m
en
t
H
B
sA

g

(l
o
g1
0
IU
/m

L
)

1
.2
9
1

0
.8
6
0
–
1
.9
3
8

0
.2
1
8

1
.5
0
8

0
.9
7
1
–
2
.3
4
1

0
.0
6
7

1
.1
9
0

0
.4
6
5
–
3
.0
5
0

0
.7
1
7

1
.2
0
4

0
.7
7
6
–
1
.8
6
8

0
.4
0
8

B
as
e
lin
e
A
LT

ac
ti
vi
ty

(U
/L
)

1
.0
0
4

1
.0
0
2
–
1
.0
0
7

<0
.0
0
1

1
.0
0
1

0
.9
9
9
–
1
.0
0
3

0
.4
2
6

1
.0
0
0

0
.9
9
7
–
1
.0
0
4

0
.7
8
5

1
.0
0
1

0
.9
9
9
–
1
.0
0
3

0
.5
5
6

P-
va
lu
e
s
<
0
.0
5
ar
e
sh
o
w
n
in

b
o
ld

an
d
it
al
ic
s.

H
B
sA

g,
h
e
p
at
it
is
B
su
rf
ac
e
an
ti
ge
n
;
H
B
e
A
g,
h
ep
at
it
is
B
e
n
ve
lo
p
e
an
ti
ge
n
;
H
B
V
,
h
ep
at
it
is
B
vi
ru
s;
IF
N
,
in
te
rf
e
ro
n
;
A
LT
,
al
an
in
e
am

in
o
tr
an
sf
e
ra
se
;
C
I,
co
n
fid
e
n
ce

in
te
rv
al
.

Luo et al. 9



T
a
b
le

5
.
R
e
su
lt
s
o
f
m
u
lt
iv
ar
ia
te

lo
gi
st
ic
re
gr
e
ss
io
n
an
al
ys
is
to

id
e
n
ti
fy

fa
ct
o
rs

in
d
e
p
e
n
d
e
n
tl
y
as
so
ci
at
e
d
w
it
h
an
ti
vi
ra
l
e
ff
ic
ac
y.

P
ar
am

e
te
r

H
B
V
D
N
A
u
n
d
e
te
ct
ab
ili
ty

L
o
w

H
B
sA

g
co
n
ce
n
tr
at
io
n

H
B
sA

g
lo
ss

H
B
e
A
g
lo
ss

O
d
d
s

ra
ti
o

9
5
%

C
I

P-
va
lu
e

O
d
d
s

ra
ti
o

9
5
%

C
I

P-
va
lu
e

O
d
d
s

ra
ti
o

9
5
%

C
I

P-
va
lu
e

O
d
d
s

ra
ti
o

9
5
%

C
I

P-
va
lu
e

A
ge

0
.9
6
9

0
.9
2
7
–
1
.0
1
2

0
.1
9
6

0
.9
5
4

0
.9
0
7
–
1
.0
0
4

0
.0
6
9

Se
x
(F
e
m
al
e
)

1
.8
0
2

0
.9
7
9
–
3
.3
1
9

0
.0
8
9

2
.3
8
9

1
.0
6
2
–
5
.3
7
2

0
.0
3
5

B
as
e
lin
e
H
B
sA

g

co
n
ce
n
tr
at
io
n

(l
o
g1
0
IU
/m

L
)

1
.0
0
0

1
.0
0
0
–
1
.0
0
0

0
.2
0
3

T
hy
ro
id

fu
n
ct
io
n

(a
b
n
o
rm

al
)

4
.9
4
5

1
.3
2
5
–
1
8
.4
6
2

0
.0
1
7

E
n
d
-o
f-
tr
e
at
m
e
n
t
H
B
sA

g

(l
o
g1
0
IU
/m

L
)

1
.1
7
5

0
.9
5
4
–
1
.4
4
6

0
.1
3
0

B
as
e
lin
e
A
LT

ac
ti
vi
ty

(U
/L
))

1
.0
0
3

1
.0
0
1
–
1
.0
0
6

0
.0
0
5

P-
va
lu
e
s
<
0
.0
5
ar
e
sh
o
w
n
in

b
o
ld

an
d
it
al
ic
s.

H
B
sA

g,
h
e
p
at
it
is
B
su
rf
ac
e
an
ti
ge
n
;
H
B
e
A
g,
h
ep
at
it
is
B
e
n
ve
lo
p
e
an
ti
ge
n
;
H
B
V
,
h
ep
at
it
is
B
vi
ru
s;
IF
N
,
in
te
rf
e
ro
n
;
A
LT
,
al
an
in
e
am

in
o
tr
an
sf
e
ra
se
;
C
I,
co
n
fid
e
n
ce

in
te
rv
al
.

10 Journal of International Medical Research



thyroid function returned to normal in 11
during IFN therapy. Only one participant
with hyperthyroidism showed persistent
hyperthyroidism during IFN treatment
and had to discontinue IFN and undergo
treatment with propylthiouracil. During
the follow-up period, this participant’s thy-
roid function returned to normal. None of
the other participants had severe thyroid
dysfunction or related clinical symptoms.
This suggests that thyroid dysfunction is
not an absolute contraindication for IFN
therapy. Conversely, thyroid function may
return to normal in some patients during
IFN therapy. In future studies, it would
be worth investigating whether antiviral
treatment ameliorates the harmful effects
of HBV on the thyroid gland, thereby
improving thyroid function.

For some participants in the present
study, the HBsAg concentration was deter-
mined using an HBsAg detection kit that
had an upper detection limit of 250 IU/
mL. In addition, it has been shown that
among patients with HBV DNA
<2,000 IU/mL, the incidence of liver
cancer is lower in those with HBsAg
<1000 IU/mL than in those with HBsAg
>1000 IU/mL,21 which suggests that
patients with CHB who have a low
HBsAg concentration have a better progno-
sis. Therefore, the cut-off for HBsAg was
set at 250 IU/mL for the evaluation of effi-
cacy. In univariate analysis, we found that
the prevalences of participants with low
HBsAg (<250 IU/mL) and HBV DNA
undetectability were significantly higher in
the thyroid dysfunction group than in the
normal thyroid function group. In addition,
the multivariate logistic regression analysis
demonstrated that participants with thyroid
dysfunction, either at baseline or during
IFN therapy, had a 4.945-times higher
prevalence of HBsAg loss than those with
normal thyroid function. These results sug-
gest that patients with CHB and thyroid
dysfunction may respond better to IFN

treatment than those with normal thyroid

function. One possible explanation for this

is that some patients with thyroid dysfunc-

tion may have more active autoimmunity,

which may contribute to better antiviral

efficacy of IFN. However, further studies

are needed to investigate the underlying

mechanism. Univariate analysis showed

that HBV DNA undetectability in the thy-

roid dysfunction group was achieved more

often than in the normal thyroid function

group. However, multivariate logistic

regression analysis did not identify thyroid

dysfunction as an independent predictor of

HBV DNA undetectability. One possible

explanation for this is that a high ALT

activity or other factors mask the effect of

thyroid dysfunction on HBV DNA unde-

tectability. In addition, multivariate logistic

regression analysis reduces the impact of

confounding factors, such as baseline

HBsAg concentration and age, and demon-

strated that thyroid dysfunction is associat-

ed with HBsAg loss. The multivariate

logistic regression analysis also demonstrat-

ed that female sex is an independent predic-

tor of HBeAg loss and high ALT activity is

an independent predictor of HBV DNA

undetectability, which are consistent with

the results of previous studies.22–25

There were some limitations to the pre-

sent study. First, it was a single-centre ret-

rospective study. In addition, the HBsAg

concentration of some of the participants

was determined using an HBsAg detection

kit that had an upper detection limit of

250 IU/mL, which may have affected the

findings. However, this study provides

real-world evidence and was relatively

large. In the future, prospective clinical

trials or multi-centre studies should be con-

ducted to validate the findings of the pre-

sent study. Moreover, the mechanism

underlying the beneficial effect of thyroid

dysfunction on the efficacy of IFN treat-

ment should be elucidated.
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In conclusion, we have shown that thy-

roid dysfunction before and/or during

a-IFN administration improves its efficacy

for the treatment of CHB. Furthermore,

thyroid dysfunction is associated with

HBsAg loss. The results imply that thyroid

dysfunction is not an absolute contraindi-

cation for IFN therapy.
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