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Abstract
Objective
We investigated the prevalence of anti-thyroid autoantibodies and thyroid dysfunction, and their association with
clinical and laboratory features in Korean patients with primary Sjogren’s syndrome (pSS) without overt thyroid
illnesses.

Methods
We consequently included 196 pSS patients (190 women) and cross-sectionally collected clinical and laboratory
data including the EULAR Sjogren’s Syndrome Disease Activity Index (ESSDAI) and Patient Reported Index (ESSPRI).
The fatigue-dominant group was defined as those in the highest quartile of the fraction of fatigue, calculated as the
ESSPRI fatigue score divided by the total ESSPRI score. Thyroid stimulating hormone (TSH), free T4 (fT4),
anti-thyroglobulin (TG), anti-thyroid peroxidase (TPO), and anti-TSH receptor antibody (TRAb) were measured.

Results
Of 196 patients, 31 (15.8%) were positive for anti-TG, 28 (14.3%) for anti-TPO, and 28 (14.3%) for TRAD.

Subclinical hypothyroidism (S-Hypo) was identified in 23 (11.7%) patients. Anti-TG had no correlations with thyroidal
Sfunction or pSS-related features. Meanwhile, anti-TPO was significantly associated with TSH levels or anti-centromere
antibody. TRAD-positive patients exhibited significantly higher ESSDAI and clinical ESSDAI scores. Moreover, the most

influential independent predictor for TRAb was lymphopenia (odds ratio [OR] = 5.541), which has been known as a

prognostic factor. Additionally, significant bidirectional associations were found between the fatigue-dominant group

(OR = 3.482) and anti-TPO-positive S-Hypo (OR = 7.586) in multivariate regression analyses.

Conclusion
Latent thyroid autoimmunity, particularly TRAb and anti-TPO, may be associated with clinical and laboratory
manifestations of pSS, such as disease activity or fatigue, even without overt thyroid dysfunction.
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Introduction

Sjogren’s syndrome (SS) frequently
coexists with other systemic or organ-
specific autoimmune diseases. Autoim-
mune thyroid disease (AITD) is con-
sidered the most commonly associated
autoimmune disease in patients with SS
(1), and a recent meta-analysis demon-
strated a greater risk of thyroid disease
(odds ratio [OR] = 3.29) and AITD
(OR = 348) in patients with primary
SS (pSS) than in controls (2). Addition-
ally, anti-thyroid peroxidase (TPO) or
anti-thyroglobulin (TG), well-known
markers of Hashimoto’s thyroiditis
(HT), can be detected in up to 40% of
patients with pSS (3). Anti-TPO and
anti-TG positivity rates in patients with
SS were estimated to be approximately
three times higher than that in controls
(4). Therefore, it is widely accepted that
pSS and HT are immunologically and
pathogenetically correlated.

HT manifests as arthralgia/myalgia,
fatigue, and sicca symptoms and leads
to the development of non-Hodgkin’s
lymphoma (NHL), similar to pSS (3-
5). However, whether concomitant
AITD or thyroid dysfunction has a
clinical impact on pSS remains contro-
versial. One study reported that AITD
was more common in SS patients who
were positive for rheumatoid factor
(RF) and anti-SSA/Ro antibodies (6),
whereas another study reported a lower
prevalence of anti-SSA/Ro antibodies
in SS with AITD (7). An Italian study
revealed that HT was related to the
mild phenotype of SS (8). In contrast,
a Chinese study showed a higher preva-
lence of extra-glandular manifestations
and active immunological profiles in
pSS patients with thyroid disorders (9).
A single retrospective study reported
comparable EULAR SS Disease Ac-
tivity Index (ESSDAI) scores between
pSS with and without AITD (10).
Anti-thyroid  stimulating  hormone
(TSH) receptor autoantibodies
(TRADs), the gold standard markers for
Graves’ disease (GD), have not been
commonly investigated in pSS. Previ-
ous studies have described hyperthy-
roidism in 0—7.5% of patients with pSS
(11, 12) and reported TRAD detection
rates of 0-12.6% (12, 13). Neverthe-
less, a recent systematic review showed

a higher prevalence of hyperthyroidism
in pSS (OR=2.61) than in controls, sim-
ilar to hypothyroidism (OR=3.81) (2).
Until now, there have been no studies
on clinical implications of thyroid dys-
function or thyroid-related autoantibod-
ies in Korean patients with pSS.
Therefore, we aimed to investigate the
prevalence of subclinical thyroid dys-
function and anti-thyroid autoantibod-
ies, including TRAb, as well as their
association with pSS-related features in
Korean pSS patients without overt thy-
roid diseases.

Methods

Patients and clinical data

We prospectively and consequently
recruited 228 patients with pSS from
September 2021 to February 2023. Of
these, 196 patients were ultimately in-
cluded in our analysis after excluding
those on levothyroxine or anti-thyroid
drugs due to overt thyroid disease (21
overt hypothyroidism and 1 GD), pa-
tients with thyroid cancer (n = 4), and
those who withdrew from the study (n
= 6). All patients were younger than 80
years of age and met the 2016 ACR/
EULAR criteria for pSS (14).

We collected EULAR SS Patient Re-
ported Index (ESSPRI), ESSDAI, clini-
cal ESSDAI (ClinESSDAI), and Eu-
roQol 5-dimensional (EQ-5D) data at
enrolment (15-18). The ESSPRI score
is a composite measure of the severity
of the key three symptoms of pSS (dry-
ness, limb pain, and fatigue) using 0-10
numerical scale (16). The ESSDAI is a
systemic disease activity index of pSS
and includes 12 organ-specific domains
(constitutional, glandular, cutaneous,
respiratory, renal, articular, muscular,
peripheral and central nervous system,
haematological, lymphoid, and biologi-
cal) (15). The ClinESSDAI is a modi-
fied ESSDAI without the biological
domain (17).

To estimate the relative contribution
of fatigue to the ESSPRI, the frac-
tion of fatigue (Fy,,,.) was calculated
as the ESSPRI fatigue visual analog
scale (VAS) score divided by the total
ESSPRI score. Patients in the highest
quartile of Fg . were defined as the
fatigue—dominaﬁt group. Clinical mani-
festations were classified according to
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the ESSDAI domain. Laboratory data,
including the complete blood count,
erythrocyte sedimentation rate (ESR),
and levels of IgG, (2-microglobulin,
cryoglobulin, and complement C3 and
C4, were assessed. Lymphopenia was
defined as absolute lymphocyte counts
<1,000/mm?. Data on RF, antinuclear
antibody, anti-SSA/Ro, and anti-cen-
tromere antibody (ACA) were retrieved
from medical records.

The current study protocol was re-
viewed and approved by the Institu-
tional Review Board (IRB) of Seoul
National University Bundang Hospital
(IRB No. B-0506/021-004), and in-
formed written consent was obtained
from all participants.

Measurement of thyroid hormones

and thyroid-related autoantibodies
Thyroid function tests including se-
rum TSH (reference range, 0.3-4.0
plU/mL) and free T4 (fT4; 0.89-1.79
ng/dL) were measured by an immune
radio-metric assay (IMRA; BRAHMS
GmbH, Hennigsdorf, Germany) and
a radioimmunoassay (RIA; Beck-
man Coulter/Immunotech, Prague,
Czech Republic), respectively. Anti-
TG (BRAHMS GmbH) and anti-TPO
(BRAHMS GmbH) antibodies were
measured using commercial RIA kits.
TRADs were determined using an elec-
trochemiluminescence immunoassay
(Elecsys® anti-TSH-R, Roche Diag-
nostics Ltd, Basel, Switzerland). Posi-
tivity for anti-thyroid antibodies was
defined as a value of =60 IU/mL for
anti-TG and anti-TPO, and >1.22 TU/L
for TRAD, based on manufacturer’s in-
structions. Subclinical hypothyroidism
(S-Hypo) or hyperthyroidism (S-Hy-
per) was defined as TSH levels above
(>4.0 pU/mL) or below (TSH<0.3
plU/mL) the reference range, respec-
tively, with normal fT4 levels (19). An-
ti-TPO-positive patients with S-Hypo
(anti-TPO-positive S-Hypo) were clas-
sified as those at a high risk for overt
hypothyroidism (20).

Statistical analysis

Data are presented as median [inter-
quartile range, IQR] for continuous
variables and number (percentages)
for categorical variables. Comparisons
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Table I. Baseline characteristics of study population.

Characteristics

Women
Age (year)
At diagnosis
At enrolment
Disease duration (year)
Clinical features at diagnosis
Oral dryness
Ocular dryness
Salivary gland dysfunction
USWSF < 0.1 mL/min
Lacrimal gland dysfunction
Schirmer test < 5/5 mm
Ocular stain score = 5
Focal lymphocytic sialadenitis with focus score =1
Anti-SSA/Ro positivity
Anti-SSB/La positivity
ANA positivity =1:160
RF positivity
ACA positivity
no. of ESSDAI domains ever affected*
Disease activity
ESSDAI
ESSDAI =5
ClinESSDAI
ClinESSDAI = 5
ESSPRI
Dryness VAS
Fatigue VAS
Pain VAS
ESSPRI =5
fatigue
EQ-5D index score
EQ VAS
Current medications
Pilocarpine
Hydroxychloroquine
Methotrexate
Leflunomide
Azathioprine or mycophenolate
Tacrolimus or cyclosporine
Glucocorticoids
Prednisolone equivalent dose (mg/day)

190 (96.9%)

50.4 [40.0-59.0]
58.6 [46.5-67.3]
6.2 [2.7-12.4]

148 (75.5%)
147 (75.0%)
167/191 (87.4%)
152/185 (82.2%)
157/194 (80.9%)
129/181 (71.3%)
101/189 (53.4%)
124/155 (80.0%)
175 (89.3%)
104 (53.1%)
177 (90.3%)
108/192 (56.3%)
22/194 (11.3%)
1.0 [1.0-2.0]

20 [1.0-4.0]
34 (17.3%)
0.0 [0.0-0.0]
33 (16.8%)
5.0 [3.3-6.0]
5.0 [3.0-7.0]
5.0 [3.3-7.0]
3.0 [1.0-6.0]
99 (50.5%)
1.13 [0.93-1.36]
0.93 [0.89-0.97]
75.0 [70.0-80.0]

117 (59.7%)
59 (30.1%)
12 (6.1%)
6 (3.1%)
6 (3.1%)
3 (15%)
20 (10.2%)
2.5 [1.3-44]

Data are presented as number (%) or median [interquartile ranges].

“Among 11 domains excluding the biological domain.

USWSF: unstimulated whole salivary flow; ANA: antinuclear antibody; RF: rheumatoid factor; ACA:
anticentromere antibody; ESSDAI: EULAR SS disease activity index; ClinESSDALI: clinical ESSDAI;
ESSPRI: EULAR SS Patient Reported Index; VAS: visual analogue scale; F; ,, .: fraction of fatigue;

EQ-5D: EuroQoL-5 dimensional.

fatigue*

between groups were performed using
the Mann-Whitney U-test for continu-
ous variables because most variables
did not follow a normal distribution.
Chi-square or Fisher’s exact tests were
used to compare categorical variables.
Univariate regression analysis was per-
formed to identify clinical variables
associated with thyroid dysfunctional
status or thyroid-related autoantibodies.
All variables with a p-value of <0.1 in
the univariable analyses were included
in the multivariable logistic forward
regression analyses. All analyses were

performed with SPSS Statistics for
Windows, v. 26 (IBM Corp., Armonk,
NY, USA). A p-value <0.05 was con-
sidered statistically significant.

Results

Baseline characteristics of

study participants

The baseline characteristics of the 196
participants with pSS (190 women
and 6 men) are summarised in Table
I. Their median age at enrolment was
58.6 (IQR, 46.5-67.3) years, and medi-
an disease duration was 6.2 (2.7-12.4)
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Fig. 1. Associations between TRAD and primary SS-related clinical features. Box plots denote the median (bold center lines) and the 25" and 75" percen-
tiles. P values were calculated by the Mann-Whitney U test.

#p<0.05; #p<0.01; *#¥p<0.001.

TRAD: anti-TSH receptor antibodies; ESR: erythrocyte sedimentation rate; ESSDAI: EULAR SS disease activity index; ClinESSDALI: clinical ESSDAL.

years. The median ESSDAI, ClinESS-
DAI, and ESSPRI scores were 2.0,
0.0, and 5.0, respectively. The top five
of involved ESSDAI domains were
the haematological (58.2%), articular
(25.5%), glandular (17.3%), cutane-
ous (16.3%), and respiratory (7.7%).
Thirty-four (17.3%) patients had an
ESSDAI =5 (moderate-to-high activ-
ity) and 99 (50.5%) had an ESSPRI =5
(unsatisfactory symptom state).

Prevalence of thyroid-related
auto-antibodies and thyroid
dysfunction

A total of 71 (36.2%) patients were
positive for any thyroid-related autoan-
tibodies. The prevalence of anti-TG,
anti-TPO, and TRAD antibodies was 31
(15.8%), 28 (14.3%), and 28 (14.3%),
respectively. The anti-TPO titres were
observed to exceed the threshold for
positivity by more than 15 times, while
the levels of other autoantibodies re-
mained below 2-3 times their positivity
criteria (Supplementary Table S1).

Of 196 patients, 24 (12.2%) had TSH >
4.0 WU/mL, but none had TSH > 10.0
ulU/mL. Among those with TSH>4.0
wlU/mL, 23 (11.7%) patients were S-
Hypo, and 6 (3.1%) were TPO-positive
S-Hypo. Three patients (1.5%) had TSH
<0.3 WIlU/mL but did not show thyroid-
related antibodies including TRAD.
Among them, two patients had S-Hyper.

Clinical features related to
thyroid-related autoantibodies

When stratified by anti-TPO, anti-TPO
positivity was associated with old age,

Clinical and Experimental Rheumatology 2024

Table II. Age- and sex-adjusted logistic regression analysis to determine factors related to

TRAD positivity.
Variables Univariate Multivariate

OR [95% CI] p value OR [95% CI] p-value
Disease duration (year) 0.914 [0.843-0.991] 0.029 - -
Lacrimal dysfunction at 0.350 [0.146-0.840] 0.019 0.307 [0.117-0.804]  0.016

diagnosis

ESSDAI =5 3.333[1.375-8.082] 0.008
ClinESSDAI = 5 2.288 [0.909-5.761] 0.079
Respiratory domain* 4348 [1.310-14.432] 0.016
Biological domain* 2.362 [0.853-6.541] 0.098
Domains ever affected =3** 2.400 [0.950-6.604] 0.064
ANC 1.000 [1.000-1.001] 0.048 - -
ESR 1.028 [1.008-1.048] 0.005 1.031 [1.009-1.054]  0.005
Serum protein 1.923 [0.967-3.822] 0.062 - -
1gG 1.001 [1.000-1.002] 0.026 - -
Lymphopenia® 4.500 [1.748-11.586] 0.002 5.541[1.966-15.618]  0.001
RF positivity 2.159 [0.900-5.182] 0.085 - -

*Based on the definition of ESSDAI domain; **among 11 domains excluding biological domain;

cabsolute lymphocyte counts <1,000/mm?.

TRAD: anti-TSH receptor antibodies; ESSDAI: EULAR SS disease activity index; ClinESSDALI: clini-
cal ESSDAI; ESSPRI: EULAR SS Patient Reported Index; ANC: absolute neutrophil count; ESR:
erythrocyte sedimentation rate; RF: rheumatoid factor.

S-Hypo, ACA positivity, and anti-TG
positivity (Suppl. Table S2). Anti-TPO
positivity or anti-TG positivity were
not associated with ESSDAI, ESSPRI,
or other pSS-related clinical features.
In multivariate regression analysis,
anti-TPO positivity was independently
associated with TSH levels (OR=1.461
[95% CI 1.123-1.901], p=0.005), anti-
TG (OR=7.163[95% CI12.737-18.749],
p<0.001), and ACA (OR=3.541 [95%
1.179-10.634], p=0.024) (Suppl. Table
S3).

Anti-TG positivity was not associated
with clinical and laboratory variables
with the exception for RF (OR=2.594
[95% CI 1.022-6.588], p=0.045) and

anti-TPO positivity (OR=5.490 [95%
CI 2.208-13.654], p<0.001) in multi-
variate regression analysis. But, among
12 patients with both anti-TPO and an-
ti-TG positivity, only 3 (25%) belonged
to the S-Hypo group.

When stratified by the presence of
TRAb, the TRAb-positive subgroup
had a shorter disease duration and a
lower likelihood of lacrimal gland dys-
function at diagnosis (Suppl. Table S4).
The TRAb-positive subgroup showed
a significantly increased prevalence
of pulmonary involvement (17.9%
vs. 4.8%, p=0.010) and a significantly
higher IgG level (median 2.00 g/dL
vs. 1.74 g/dL, p=0.027). Furthermore,
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TRAD titres were higher in subgroups
with ESR >30 mm/h (p=0.007), lym-
phopenia (p=0.008), or biological do-
main level = 2 (p<0.001) (Fig. 1A-C).
Interestingly, both the ESSDAI (4.0
[2.0-7.0] vs. 2.0 [1.0-4.0], p=0.004)
and ClinESSDAI (2.0 [0.0-5.9] vs. 2.0
[0.0-2.0], p=0.014) scores were sig-
nificantly higher in the TRAb-positive
subgroup than in the TRAb-negative
group (Fig. 1D). Accordingly, TRAb-
positive patients showed a higher
prevalence of ESSDAI =50 (35.7%
vs. 14.3%, p=0.006) (Suppl. Table S4).
However, TRAD positivity was not as-
sociated with thyroid functional status
or focus scores of labial gland biopsies.
Age-and sex-adjusted multivariate re-
gression showed a significant associa-
tion between TRAD positivity and lym-
phopenia (OR=5.541 [95% CI 1.966—
15.618], p=0.001), ESR (OR=1.031
[95% CI 1.009-1.054], p=0.005), or
lacrimal gland dysfunction at diagno-
sis (OR=0.307 [95% CI 0.117-0.804],
p=0.016) (Table II).

Clinical features related to

thyroid functional states

The S-Hypo subgroup (n=23) had a
significantly longer disease duration
(11.2 years) compared to the euthyroid
subgroup (n=171, 5.3 years, p=0.003)
(Suppl. Table S5), with no age differ-
ences between the groups. This sub-
group exhibited significantly higher
frequencies of ACA and anti-TPO
positivity (both p<0.05). The preva-
lence of fatigue-dominant group was
significantly higher in patients with
S-Hypo (43.5% vs. 23.1%, p<0.05) or
anti-TPO-positive S-Hypo (66.7% vs.
24.2%, p<0.05) than in those without
(Fig. 2). However, this trend was not
observed in patients with the highest
quartile of ESSPRI fatigue VAS score
or total ESSPRI score.

When compared to the fatigue non-
dominant patients, the fatigue-domi-
nant group was younger and less likely
to have dry eye at diagnosis, unsatisfac-
tory symptom state, or =3 ever affected
ESSDAI domains (all p<0.05) (Suppl.
Table S6). They also had a higher
prevalence of S-Hypo (20.0% vs. 8.9%,
p=0.035) or anti-TPO-positive S-Hypo
8.0% vs. 1.4%, p=0.038) and lower
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S-Hypo

7
30.4%)
16
)

(69.6% .
. The top quartile

- 76.7%)
[[] The other quartiles
Anti-TPO-
positive 5
S-Hypo 6 (100%) (83.3%)
Ftetigue Fatigue VAS ESSPRI
score score

Fig. 2. Association between thyroid functional status and the fractions of fatigue (Fy,,.). The preva-
lence of patients in the top quartile was significantly higher in pSS patients with subclinical hypothy-
roidism (S-Hypo, p=0.035 by Chi-square test) or anti-TPO-positive S-Hypo (p=0.038 by the Fisher’s
exact test) than those without, when those were categorised by Fy,,,.- But no significant difference was
observed when categorised by fatigue VAS score or ESSPRI score. Black sectors indicate the percent-
age of patients in the top quartile and white sectors represent that of patients in the other quartiles.
ESSPRI: EULAR SS Patient Reported Index.

Table ITI. Age- and sex-adjusted logistic regression analysis to determine factors related to
the fatigue-dominant group.

Variables Univariate Multivariate
OR [95% CI] p value OR [95% CI] p-value

Age (year) 0.968 [0.945-0.992] 0.010 0.967 [0.943-0.991] 0.008
Dry eye at the diagnosis 0.475[0.232-0.971] 0.041 - -
Domains ever affected > 3*  0.258 [0.075-0.886] 0.031 - -
TSH (uIU/mL) 1.236 [1.003-1.523] 0.047 - -
S-Hypo 2.558 [1.043-6.272] 0.040 - -
Anti-TPO-positive S-Hypo ~ 6.261 [1.110-35.299] 0.038 6.770 [1.180-38.851] 0.032
ALC (/mm?) 0.999 [0.999-1.00] 0.028 - -

*Among 11 domains excluding biological domain.
S-Hypo: subclinical hypothyroidism; TPO-positive S-Hypo: Anti-TPO-positive subclinical hypothy-
roidism; ALC: absolute lymphocyte count.

Table IV. Age- and sex-adjusted logistic regression analysis to determine factors related to
anti-TPO-positive subclinical hypothyroidism.

Variables Univariate Multivariate

OR [95% CI] p value OR [95% CI] p-value
Articular domain ever affected®* 6.261 [1.110-35.299] 0.038 7.586[1.211-47.522] 0.030
Anti-TG positivity 5.786 [1.111-30.120] 0.037 - -
Fatigue-dominant group** 6.261 [1.110-35.299] 0.025 7.586[1.211-47.522] 0.030

ANC (/mm?®) 0.999 [0.995-1.000] 0.058 - -

*Based on the definition of ESSDAI domain; **the highest quartile of Fy, ..
Anti-TPO: anti-thyroid peroxidase; anti-TG: anti-thyroglobulin; ANC: absolute neutrophil count.

Ilymphocyte counts (p=0.015). Logis-
tic regression analysis revealed age
(OR = 0.967 [95% CI 0.943-0.991],
p=0.008) and anti-TPO-positive S-Hy-
po (OR=6.770 [95% CI 1.180-38.851],
p=0.032) as significant predictors for
the fatigue dominant group (Table III).
The fatigue-dominant group itself was
independently associated with S-Hypo
(OR=3482 [95% CI 1.298-9.342],

p=0.013) (Suppl. Table S7) or anti-
TPO-positive ~ S-Hypo  (OR=7.586
[95% CI 1.211-47.522], p=0.03) (Table
IV) in further multivariate regression
analyses.

Discussion

This study demonstrated that, of 196
Korean patients with pSS without overt
thyroid diseases, 36% had at least one

Clinical and Experimental Rheumatology 2024



thyroid-related autoantibody, including
anti-TPO (14.3%) and TRADb (14.3%).
However, the prevalence of S-Hypo
and S-Hyper were only 11.7% and
1.0%, respectively. The TRAb-positive
subgroup showed significantly higher
ESSDAI and ClinESSDAI than the
TRAb-negative subgroup. Lymphope-
nia and ESR levels were independent
factors associated with TRAD positivity,
while S-Hypo was significantly associ-
ated with anti-TPO positivity but not
anti-TG. S-Hypo was significantly as-
sociated with a high prevalence of the
fatigue-dominant group, characterised
by higher levels of fatigue than other
pSS-related main symptoms such as
dryness and arthralgia. Additionally, in
multivariate analyses, the fatigue-dom-
inant group was a significant predictor
for anti-TPO-positive S-Hypo and vice-
versa.

The association between pSS and thy-
roid disease has been discussed since the
1960s (21). Although many studies have
reported a greater prevalence of AITD in
patients with pSS than in controls (1, 3),
its prevalence was heterogeneous across
studies (10.5% to 45%) (3,22, 23). This
could be attributed to racially disparate
populations, varying classification crite-
ria for pSS or definitions of AITD, and
different methods for detecting thyroid-
related autoantibodies. S-Hypo is the
most common form of thyroid dysfunc-
tion in pSS (7). Our results also demon-
strated that S-Hypo (11.7%) was more
common than S-Hyper (1.0%). Unlike
the results of Caramaschi et al., we did
not observe any differences in disease
severity between patients with and with-
out S-Hypo (8).

Higher detection rates of anti-TPO
(OR=2.73) and anti-TG (OR=3.09) in
patients with pSS have also been fre-
quently reported compared with those in
the general population (4). The report-
ed prevalence of anti-TPO or anti-TG
positivity ranges from 10% to 42% in
patients with pSS (3,22, 24, 25). In our
study, the seropositive rate of anti-TG
and anti-TPO was 15.8% and 14.3%,
respectively. The prevalence of anti-
TPO positivity was higher than that of
the general population in Korea, which
was 7.3% in a nationwide representa-
tive Korean population (26). Our study
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demonstrated that anti-TPO positivity
was associated with old age, S-Hypo,
and ACA positivity (Suppl. Table S2),
consistent with previous studies in pSS
(27). The association between anti-TPO
positivity and TSH levels or ACA posi-
tivity was further confirmed in multi-
variate analysis. Although anti-TG was
most frequently observed thyroid-relat-
ed autoantibodies in the present study,
it did not demonstrate any relationship
with the features of pSS.

Studies regarding TRADb positivity in
patients with pSS are limited. In this
study, TRAb was measured using a
third-generation  competition assay
which is composed of a porcine TSH
receptor and ruthenium-labelled hu-
man thyroid-stimulating monoclonal
antibody M22. So far, only two studies
have reported the prevalence of TRAb
in patients with pSS: 0% in 29 Japanese
patients using a third-generation ELISA
(13) and 12.6% in 95 Hungarian patients
using western blot (12). Interestingly, in
the current study, TRADb positivity was
significantly associated with high ESS-
DAI even though it was not related to
thyroid dysfunction. The ESSDALI is re-
ported to be correlate with the type I in-
terferon signature or BAFF levels in SS
(28, 29). TRAD titres have been report-
ed to be associated with interferon and
BAFF levels in patients with GD (30,
31). TRAb may stimulate TSH receptor
(TR)-positive immune cells, including
B cells (32). TSH can induce the prolif-
eration of lymphocytes and the produc-
tion of proinflammatory cytokines from
dendritic cells via TR (33). However,
TRAD positivity may simply result from
polyclonal B cell hyperactivity.

Graves’ ophthalmopathy (GO) is the
most famous and common extra-thy-
roidal manifestation of GD. GO can
occur in subjects without any signs of
hyperthyroidism, but the majority have
TRADb. Anti-a-fodrin antibody, consid-
ered related to pSS, was also reported to
be observed in patients with GO (34).
Additionally, a recent Korean cohort
study showed that the risk for SS was
higher (HR=1.89 [95% CI, 1.30-2.74])
in GD patients with GO than those with-
out GO (35). But we did not observe any
GO cases in our patients with pSS.

In multivariate analysis, lymphopenia

was the most prominent independent
predictor for TRAD positivity. Lympho-
penia in pSS could be secondary to pre-
mature aging of naive CD4* T cells, and
the low number of CD4* T cells is corre-
lated with disease activity or severe sys-
temic disease (36-38). Moreover, lym-
phopenia is a significant risk factor for
overall mortality and lymphoma devel-
opment (39, 40). Therefore, TRAD posi-
tivity may carry prognostic implications
in pSS, and further studies are needed to
confirm the effect of TRAD positivity on
the long-term outcome in pSS.

Another unique feature of our study was
the association between the fatigue-
dominant group and S-Hypo. Fatigue
is a common symptom of hypothyroid-
ism (7) and is the complaint that se-
verely affects a patient’s quality of life
in pSS (41, 42). Nevertheless, a pSS-
specific tool for measuring fatigue has
not yet been established. Furthermore,
no study has shown significant asso-
ciations between fatigue and thyroid
function status or indices in patients
with pSS. It can be a possible explana-
tion that fatigue is strongly influenced
by other pSS-related confounding fac-
tors, including pain, sicca symptoms,
and depression (43). Therefore, it is un-
surprising that S-Hypo was associated
with the fatigue-focused groups defined
by the highest quartile of the F, ., but
not based on the top quartile of the ES-
SPRI fatigue VAS or ESSPRI score, in
our study.

The mutual correlations between the
fatigue-dominant group and S-Hypo
suggest the concept that neuroendo-
crine dysfunction contributes to fatigue
in pSS. Johnson et al. observed hypo-
activity of the hypothalamic-pituitary-
adrenal axis in patients with pSS and
lower adrenocorticotropic hormone
and cortisol levels, with a blunted re-
sponse to corticotrophin-releasing hor-
mone stimulation and elevated basal
TSH levels (44). Anti-21-hydroxylase
(OH) positivity, which was observed
in pSS (17.5%), is suggested to be a
potential link between blunted adrenal
function and B cell hyperactivity (45).
Additionally, Karsh ez al. observed that
approximately one-third of patients
with pSS and thyroid dysfunction had
abnormal responses to TRH stimula-
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tion (46). Although some studies re-
ported an improvement in fatigue after
levothyroxine replacement in patients
with subclinical and overt hypothyroid-
ism (47), no studies have been available
in patients with pSS.

Our study had several limitations. First,
because of the cross-sectional study
design, our results suggested only a
possible association between a high
burden of fatigue and S-Hypo, not a
causal association. Second, the number
of patients in each group was relatively
small, which may have lowered the sta-
tistical power of the logistic regression
analyses. Third, since heterophilic an-
tibodies such as RF, anti-TSH, or anti-
T4 are able to affect the immunoassays
(48), preanalytical interfering factors
may have existed in measuring thyroid-
related hormones. In our study, RF was
significantly associated with anti-TG,
but not anti-TPO or TRAD. Fourth, the
Korean Thyroid Association (KTA)
recently introduced Korean-specific
diagnostic criteria for S-Hypo, defined
as normal free T4 and a TSH level =6.8
mlIU/L in 2023 (49). The criteria are
much stricter, compared to those ap-
plied in previous studies, and can com-
plicate comparisons with results from
other studies. In our study, only two
patients met the recent Korean criteria
and were included in fatigue-dominant
group. Lastly, there is wide variation in
the epidemiology of AITD and thyroid-
related antibodies depending on age,
sex, and geographic zones (50). There-
fore, our results may not be generalis-
able to other populations, and further
multi-ethnic, multinational studies are
warranted to confirm our results.

In conclusion, our study reveals that
approximately one-third of Korean pSS
patients had at least one thyroid-related
autoantibody, even in the absence of
overt thyroid dysfunction. Additionally,
we present novel evidence showing that
TRAD positivity is related to high sys-
temic disease activity and lymphopenia
and indicating that fatigue-dominancy
is mutually associated with S-Hypo.
Although further validation through
large-scale studies is warranted, these
findings offer valuable insights into the
intricate interplay between pSS and la-
tent thyroid autoimmunity.
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