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patients with arthralgia
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Abstract

Objective To identify primary Sjogren’s syndrome (pSS) patients with arthralgia at risk for osteoarthritis (OA) or
arthritis.

Methods This study included 368 pSS patients admitted to a mono-centric from March 2010 to December 2020.
Patients were divided into groups according to whether complicated with OA or arthritis. Data were analyzed to
determine the differences in demographical characteristics, symptoms, and laboratory examination.

Results The involvement of the OA joints was predominately knee and spine sites (including cervical and lumbar
spine degeneration). When diagnosing arthritis, it was mainly peripheral symmetric polyarthritis, the most affected
sites were the interphalangeal and metacarpophalangeal joints. There were significant differences in age, disease
duration, uric acid (UA), and total cholesterol (TC) between pSS-OA and pSS-nOA patients (P<0.050). Logistic regres-
sion analysis showed that age (OR= 1.965; P=0.009) and joint pain (OR=23.382; P<0.001) were dangerous factors
associated with OA. Interestingly, although the level of UA, TC, and triglycerides (TG) was shown to be positive with
OA, there was no statistical significance after the OR was computed in the four-cell table. In pSS-arthritis, EULAR
Sjogren’s syndrome disease activity index (ESSDAI) (P=0.011), the frequency of joint pain (P<0.001), and muscu-

lar involvement (P=0.037) were higher than non-arthritis group. In pSS patients only presenting with joint pain,
arthritis patients had higher ESSDAI and system involvements, but lower UA and TG levels compared with OA group
(P<0.050).

Conclusion In pSS patients with arthralgia, OA accounted for the majority. pSS patients with advanced age and more
pronounced metabolic characteristics, such as elevated blood lipids and uric acid, was a key factor in groups at risk for
OA. However, arthritis patients had higher rates of dry mouth and eye, higher disease activity, antibodies positive, and
more organs damage. In the future, it may be necessary to be more cautious in the diagnosis of joint manifestations

in pSS patients in order to make the appropriate treatments.
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Introduction
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hormones, and other factors were involved in the occur-
rence and development of diseases [1, 2]. It not only tar-
gets exocrine glands with dryness of the mouth and eyes
due to immune cell infiltration and also involves a vari-
ety of extraglandular manifestations, such as lung, joint
and blood system, creating a chronic inflammatory envi-
ronment for the body and causing progressive damage
to organ functions [3]. We know pSS patients are at an
increased risk of lymphoma clinically due to active B-cell
mechanisms. Approximately 5% of pSS patients develop
lymphoma, mucosa-associated lymphoid tissue lympho-
mas (MALTLs) constituted the majority of lymphomas.
What’s worse, the rate can be as high as 16.8% during
long follow-up at a referral center and lymphoma may
invade one or more external nodes throughout the body,
resulting in excessive mortality from pSS [4]. In addi-
tion, articular manifestations, including joint pain with
or without arthritis, are the most common extraglandular
manifestations [5, 6]. HarmonicSS (https://cordis.europa.
eu/project/id/731944), a large international cohort of
patients looking at the clinical presentation of pSS, found
that 64% of patients had arthralgia and 16.6% had arthri-
tis. Involvement in the peripheral joints is symmetrical
in about half of cases, with the metacarpophalangeal
(MCP), proximal interphalangeal (PIP), and wrist joints
being commonly involved joints, but knees and ankles
may also be affected [7, 8]. Another study showed that
approximately 30-60% of pSS patients were suffering
from articular manifestations (AMs) which was associ-
ated with multiple system involvement [9], as well as
several studies reporting long-term follow-up of pSS
patients with rare rheumatoid arthritis (RA) development
[9-11]. However, there is no further in-depth research on
the identification of pSS-related arthralgia symptoms,
whether there are other possibilities except for arthritis.
We know that the other major cause of joint pain is
osteoarthritis (OA), the most common arthritis in elderly
individuals, which is associated with the development of
several autoimmune diseases as degenerative changes,
such as RA and connective tissue disease (CTD). A study
showed that the prevalence of OA and the number of
years lost by disability had all increased significantly in
terms of time [12]. OA brings serious harm to physiol-
ogy and psychology, causing an increase in the inci-
dence of joint pain and deformities, mobility disorders,
and depression in patients [13, 14]. In the past, OA was
a degenerative disease, which was usually described as
a non-inflammatory disease. Now, several risk factors,
such as female, obesity, metabolic syndrome, heredity,
and age, are independently associated with OA [15, 16].
A cohort study consisting of 63,626 individuals reported
a 2.75-fold higher risk of OA in RA patients compared
to non-RA patients, suggesting the risk of OA in other
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autoimmune diseases [17]. In a study including 124
patients with systemic sclerosis (SSc), 19% had the typical
presentation of erosive hand OA, which may relate to the
course of the disease, organ involvement, and SSc-related
antibodies, reflecting the underlying pathogenesis. Ero-
sive OA is more common in patients with SSc than in the
general population [18]. Also, a joint performance study
indicated 7 of 38 progressive systemic sclerosis (PSS) had
erosive distal interphalangeal joints OA [19]. It can be
seen that there is a strong correlation between OA and
CTD, but the connection needs to be further clarified.

Recently, we have seen a significant increase in the
number of patients with pSS combined with OA in daily
work. A controlled study pointed out that patients with
pSS had an increased incidence of hand OA as compared
to patients with systemic lupus erythematosus (SLE) and
was found that the frequency of erosive hand OA in pSS
patients was significantly higher than that of the general
population [20]. Nowadays, the detailed clinical charac-
teristics between pSS with OA and arthritis, whose most
common symptom is joint pain, are not studied well.
Therefore, we discuss arthralgia in pSS patients, hoping
to clarify the characteristics of this population, to facili-
tate differential diagnosis, and to provide some clues for
the identification of different clinical phenotypes about
arthralgia.

Material and method

Patients and study design

A total of 368 patients with pSS registered in the Depart-
ment of Rheumatology and Immunology of Shanghai
Tongji Hospital were retrospectively analyzed between
March 2010 and December 2020. Patients were consid-
ered eligible for the study if they fulfilled the diagnos-
tic criteria of pSS proposed by the American College of
Rheumatology /European League Against Rheumatism
(ACR/EULAR) in 2002/2016 [21, 22]. There was no
clinical or immunological evidence of other connective
tissue diseases and patients with the diagnosis of inflam-
matory arthritis (gout) were excluded. Diagnostic tests
for SS, labial gland biopsy, salivary gland emission com-
puted tomography (ECT), lacrimal gland examination,
were applied according to the recommendations of the
ACR/EULAR Group [22]. Arthralgia mainly was based
on patients’ self-reported symptoms and defined when
the visual analog score (VAS) that is the score of 0-10
numerical scales assessing for joint pain was greater than
or equal to 1 point. Arthritis referred to the inflammation
of one or more joints, including the joints of the hands,
feet, wrists, ankles, etc., which was manifested by joint
pain, swelling, redness, morning stiffness for more than
30 min, or elevated erythrocyte sedimentation rate (ESR),
imaging findings suggesting synovitis, but excluding
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RA, ankylosing spondylitis, gout, and other inflamma-
tory arthritis diseases. To verify the complications of
OA which referred to the diagnostic criteria of Chinese
guidelines for diagnosis and treatment of osteoarthritis
(2018 Edition), X-ray, computed tomography (CT), and
magnetic resonance imaging (MRI) findings of the joints’
degenerative changes, and the sign and symptoms of
joint were analyzed by two experienced rheumatologists
[23]. Patients were grouped according to whether they
had OA or arthritis.

Clinical variables and laboratory indicators

All the patients included in this study were assessed for
demographical characteristics, symptoms, and labora-
tory examinations. According to the EULAR SS Patient
Reported Index (ESSPRI) and the EULAR SS Disease
Activity Index (ESSDAI), two methods for assessing dis-
ease activity indices in pSS, the validity of which has been
well corroborated, defining the patient’s symptom and
comorbidity status [24, 25]. Items included the follow-
ing aspects: gender, age, disease activity, disease duration,
and comorbidities (pulmonary disease, gastrointestinal
diseases, renal manifestations, nervous system and blood
system, etc.). Symptoms involved were dry eyes, dry
mouth, parotid gland swelling, joint pain, muscle involve-
ment, Raynaud’s phenomenon, etc. Disease activity was
evaluated by following the ESSDAI [24]. Meanwhile,
laboratory examination consisted of various aspects,
including routine blood test, liver and kidney function,
heart function, thyroid function, blood glucose, lipid
metabolism, etc. Immunologic tests were performed to
determine the autoimmune-related antibodies, rheuma-
toid factor (RF), anti-cyclic citrullinated peptide (CCP)
antibody, complement factors (C3 and C4), immunoglob-
ulin, etc. All laboratory tests were performed in the clini-
cal chemistry and immunology laboratories of Shanghai
Tongji Hospital.

Data analysis

The information is stored in the medical record system
of Shanghai Tongji Hospital. After two people entered
and organized the patient-related data, a third person
again verified the accuracy and completeness of the
data to ensure that the clinical and laboratory test data
were complete. Data were assessed to perform this sta-
tistical analysis using the statistical software packages
IBM SPSS Statistics 26.0, R language, and GraphPad
Prism 8.0. Categorical variables were expressed as num-
bers and percentages, and quantitative variables were
expressed as mean £ standard deviation (SD). The tradi-
tional chi-square test, Mann—Whitney U test, and inde-
pendent-sample t test were used to analyze the quality
differences between different groups. Binary regression
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analysis was used to explore the relationship between
two variables and calculate the odds ratio (OR) to assess
the risk of each variable. Age, sex, and course of disease
were matched between groups using R language, and the
adjusted P value was calculated using Benjamini—Hoch-
berg method. p<0.05 indicated statistical significance,
and the confidence interval (CI) was 95%.

Result

Of the 368 patients enrolled, 162 had symptoms of
arthralgia. Hundred and eighty-six patients had osteo-
arthritis and 41 had arthritis, a prevalence of 11.14%.
Nearly half of the patients with OA had multiple joint
involvements, predominately knee and spine (includ-
ing cervical and lumbar spine degeneration) which were
large, weight-bearing joints, followed by hip joints, hand
joints (including interphalangeal and metacarpophalan-
geal joints), etc. When diagnosing arthritis, it was mainly
peripheral symmetric polyarthritis, the most affected
sites were the PIP joint and MCP joint (Table 1).

Characteristics of pSS patients with or without OA

Table 2 summarizes the demographic, clinical, and sero-
logical features of patients in the pSS-OA group (pSS
patients with OA) and pSS-nOA group (pSS patients
without OA). Our results found that there was 172
female (92.5%) in the pSS-OA group, which had a simi-
lar ratio as another group. Age and duration of disease in
the pSS-OA were all longer than in the pSS-nOA group,
and they are statistically significant (p<0.050). In the
pSS-OA group, the median score of ESSDAI was 4, lower
than that of the pSS-nOA group, but there’s no signifi-
cant difference between the two groups in most ESSDAI
domains. The serological analysis showed that uric acid

Table 1 Affected joints of osteoarthritis and arthritis

Joint (n, %) Osteoarthritis pSS-arthritis
n=186 n=41
Hand 20(10.8)
MCP 17(41.5)
DIP 11(26.8)
PIP 25(61.0)
Wrists 4(2.2) 10(24.4)
Elbows 7(3.8) 8(19.5)
Knee 86(46.2) 8(19.5)
Hips 29(15.6) 0(0.0)
Shoulders 20(10.8) 11(26.8)
Spine 111(59.7) 5(12.2)
Other 17(9.1) 10(24.4)

MCP: metacarpophalangeal; DIP: distal interphalangeal; PIP: proximal
interphalangeal
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Table 2 Characteristics of pSS patients with or without OA
Variable pSS-OA pSS-nOA p value' OR p value?
n=186 n=182
Female (n, %) 172(92.5) 166(91.2) 0.659
Age (> 65 year) (n, %) 71(38.2) 41(22.5) 0.001 1.965 0.009
Disease duration (year) M (IQR) 5(2-10) 3(1-10) 0.034 1.023 0.112
Clinical manifestation (n, %)
Dry mouth 164(88.2) 150(82.4) 0.119
Dry eye 134(72.8) 121(66.9) 0.215
Mouth ulcers 52(28.0) 37(20.3) 0.088
Dental caries and dentures 114(61.3) 102(56.0) 0.308
Swollen parotid gland 20(10.8) 20(11.0) 0.942
Rash 34(18.3) 45(24.7) 0.133
Renault phenomenon 22(11.8) 32(17.6) 0.119
Joint pain 108(58.1) 54(29.7) <0.001 3.382 <0.001
Fatigue 35(18.8) 43(23.6) 0.260
ESSDAI score M (IQR) 4(2-8) 5(3-10) 0.006 0.965 0.098
ESSDAI domains (n, %)
Constitutional 1(0.5) 1(0.5) 1.000
Lymphadenopathy 8(4.3) 11(6.0) 0451
Glandular 22(11.8) 17(9.4) 0461
Articular 24(12.9) 17(94) 0.279
Cutaneous 5(2.7) 13(7.1) 0.048 0.359 0.057
Pulmonary 35(18.8) 42(23.5) 0.278
Renal 7(3.8) 6(3.4) 0.833
Muscular 4(2.2) 3(1.6) 1.000
Peripheral nervous system 6(3.2) 11(6.0) 0.199
Central nervous system 0(0.0) 1(0.5) 0.495
Hematological 109(58.6) 123(67.6) 0.075
Biological 103(55.7) 114(64.8) 0.078
Laboratory data
Hemoglobin (g/L), x£s 1194+14.8 115+18.8 0.030 1.005 0.515
A/G 13+£03 12+£03 0.012 0.847 0.796
Globulin (g/L), x£s 31.8+75 345+£110 0.008 0.958 0.128
Albumin (g/L), x£s 38260 37151 0.058
K+ (mmol/L), x£s 38403 37+04 0.015 1.404 0.263
Uric acid (umol/L), M (IQR) 276(234.7-328.3) 261(218.0-317.0) 0.030 1.002 0.104
TC (mmol/L), M (IQR) 4.6(4.0-5.3) 4.5(3.7-4.9) 0.025 1.015 0.670
TG (mmol/L), M (IQR) 1.3(0.9-1.7) 1.3(0.9-14) 0.287
HDL (mmol/L), M (IQR) 1.2(1.0-1.4) 1.2(0.9-1.3) 0.064
FBG (mmol/L), xts 50+£10 49+1.0 0.537
C3(g/L), x£s 1.0£0.2 09+0.2 0.256
C4 (g/L), x£s 02401 0.19+0.1 0.004 4213 0430
ANA positive (n, %) 113(61.1) 131(72.0) 0.027 0.676 0.120
Anti-SSA positive (n, %) 107(57.8) 123(67.6) 0.054
Anti-SSB positive (n, %) 48(25.9) 53(29.1) 0497
Anti-CCP positive (n, %) 5(3.1) 4(2.8) 0.868
Increased RF (n, %) 38(229) 45(28.3) 0.265
IgA (g/L), x £ 29+14 33+£29 0.049 0.894 0.060
IgM (g/L), x£s 14+14 16+22 0444
I9G (g/L), x£s 155+£6.0 16.7£7.2 0.035 1.029 0.357
9G4 (g/L), x£s 06+18 05+038 0.696
Increased CRP (n, %) 15(8.3) 23(13.3) 0.133
Increased ESR (n, %) 51(28.3) 60(36.1) 0.121
Decreased 25-(OH)D (n, %) 28(17.5) 18(12.5) 0.226
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Table 2 (continued)
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OA: osteoarthritis; A/G: albumin/globulin; UA: uric acid; TC: total cholesterol; TG: triglycerides; HDL: high density lipoprotein; FBG: fasting blood glucose; C3:
complement 3; C4: complement 4; ANA: antinuclear antibodies; CCP: cyclic citrullinated peptide; RF: rheumatoid factor; CRP: C-reactive protein; ESR: erythrocyte

sedimentation rate; 25-(OH) D: 25-hydroxy vitamin D

(UA) (p=0.030) and total cholesterol (TC) (p=0.025) in
OA group were higher than in the nOA group. By con-
trast, we found that immune indexes, such as ANA posi-
tive, C4, 1gG, IgA, and globulin levels, all were lower in
pSS-OA group (p<0.050). Neither anti-CCP antibodies
nor RF was detectable differently in the serum samples
(p>0.050). We used binary regression analysis to analyze
the relevant predictors of pSS combined with OA. Table 2
also displays that pSS patients with seniority (OR =1.965;
»=0.009) and joint pain (OR=3.382; p<0.001) were
more likely to have OA. But the P values adjusted by the
Benjamini-Hochberg method were mostly no longer sta-
tistically significant (Additional file 1: Table S1). After
age, sex, and disease duration were matched, the vari-
ables for which there was a statistical difference before
were no longer significant (Additional file 1: Table S2).

Characteristics of pSS patients with arthritis

Table 3 shows pSS patients with arthritis had a median
ESSDAI score of 7(4-9.5), significantly higher than
patients without arthritis with a median ESSDAI score
of 4(2-10) (p=0.011), and more organs were involved
in ESSDAI domains. There were 38 cases (92.7%) and 28
cases (68.3%) with subjective xerostomia and xerophthal-
mia, and the incidence of subjective and objective xeros-
tomia and xerophthalmia was similar in the two groups.
Swollen parotid glands and joint pain (p<0.001) were
more common in people with arthritis. There was no dif-
ference in C-reactive protein (CRP), ESR, and RF positiv-
ity between the two groups (p>0.050). In addition, the
glucose and lipid metabolism, complement, globulin, and
antibody were not associated with arthritis (2> 0.050).
Similar with the OA group, most P values adjusted by
Benjamini-Hochberg method were no longer statistically
significant (Additional file 1: Table S3). After age, sex, and
disease duration were matched, only arthralgia, A/G, and
fasting blood glucose were statistically different between
the two groups (P<0.050) (Additional file 1: Table S4).

Comparison between arthritis and OA

Excluding patients with coexisting OA and arthritis,
among pSS patients presenting with joint swelling and
pain, Table 4 shows the OA group was older than the
arthritis group (p=0.001), but the arthritis group had a
higher median ESSDAI score (p=0.005) and more sig-
nificant involvement of other organ systems (p=0.013).
In addition, patients in the OA group tended to have

higher levels of UA (P=0.042) and TG (p=0.040) com-
pared with the arthritis group. No difference was found
between RF and anti-CCP antibodies in the two groups
(p >0.050).

Effects of metabolic factors on OA and arthritis

To investigate the possible role of metabolic factors on
the occurrence of joint diseases, OR values were calcu-
lated, which are shown in Fig. 1. The risk of osteoarthritis
in pSS patients was increased by increased blood lipids,
uric acid, and fasting blood glucose, but all metabolic
variables included in the model were not statistically
significant. For arthritis, there was similarly no reliable
evidence that metabolic factors contributed to disease
development.

Discussion

In this study, we found that more than half of pSS patients
were suffering from joint pain and the most common
cause was OA, especially knee OA, or joint involvement
due to the disease itself. The older the pSS patient with
joint pain and the longer the course of disease, the more
likely it was to be combined with OA from the study. It
is generally accepted that the main risk factor for osteo-
arthritis is age, and the prevalence and incidence of OA
increase with age [14, 15]. Especially, between different
types of OA, knee OA is more common in the aging pop-
ulation [26]. The function of important articular cartilage
components, such as collagen type II, gradually dimin-
ishes, affecting articular cartilage stability with age. Aging
can cause functional and structural changes in cells in the
skeleton, leading to ongoing bone remodeling and bone
destruction. Processes such as autophagy, inflammation,
and oxidative stress may provide a critical link between
chondrocyte senescence, survival, and OA [27, 28]. In
addition, we found an association between OA and blood
lipids. Compared with patients without OA, TG and
TC levels were elevated and became risk factors for the
development of the disease. A positive dose—response
relationship between TC levels and the risk of KOA in
clinical patients was demonstrated in a Chinese cohort
[29]. In contrast, in other studies of the association
between metabolic syndrome and OA, hyperlipidemia
was not a risk factor for OA after adjusting for BMI and
other factors [30]. We know that in the past, OA is gener-
ally considered to be a degenerative disease. With further
research, it has been revealed that abnormal chondrocyte
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Table 3 Characteristics of pSS patients with or without arthritis
Variable pSS with arthritis pSS without arthritis p value
n=41 n=327
Female (n, %) 38(92.7) 300(91.7) 1.000
Age (=65 year) (n, %) 13(31. 99(30.3) 0.851
Disease duration (year) M (IQR) 4(1-8) 4(2-10) 0.173
ESSDAI score M (IQR) 7(4-9.5) 4(2-10) 0.011
Clinical manifestation (n, %)
Dry mouth 38(92.7) 276(84.4) 0.159
Objective 21(91.3) 201(91.8) 1.000
Dry eye 28(68.3) 227(70.1) 0817
Objective 12(85.7) 70(82.4) 1.000
Swollen parotid gland 3(7.3) 37(11.3) 0611
Renault phenomenon 4(9.8) 50(15.3) 0.346
Joint pain 36(87.8) 126(38.5) <0.001
Lymphadenopathy 124) 18(5.5) 0.644
Cutaneous 3(7.3) 15(4.6) 0.704
Pulmonary 9(22.0) 68(21.0) 0.887
Renal 2(4.9) 11(3.4) 0.972
Muscular 3(7.3) 4(1.2) 0.037
Peripheral nervous system 2(4.9) 15(4.6) 1.000
Central nervous system 0(0.0) 1(0.3) 1.000
Hematological system 25(61.0) 207(63.3) 0.772
Laboratory data
Hemoglobin (g/L), x£s 118+173 117+£17.0 0.653
A/G 12403 12403 0.233
Globulin (g/L), x£s 331463 332498 0.980
K* (mmol/L), x£s 38+03 38+04 0.059
Uric acid (umol/L), M (IQR) 273(209-331) 267(230-316) 0.881
TC (mmol/L), M (IQR) 4.4(3.9-5.3) 4.5(3.8-5.3) 0.951
TG (mmol/L), M (IQR) 1.1(0.8-1.7) 1.2(0.9-1.7) 0.246
HDL (mmol/L), M (IQR) 1.1(0.9-1.6) 1.2(09-14) 0817
FBG (mmol/L), x+s 48408 50£10 0.297
C3(g/L), x£s 1.0+02 09402 0.187
C4(g/L), x=Es 02+£0.1 02+£0.1 0435
ANA positive (n, %) 28(68.3) 216(66.3) 0.795
Anti-SSA (n, %) 24(58.5) 206(63.2) 0.563
Anti-SSB (n, %) 9(22.0) 92(28.2) 0.398
Anti-CCP (n, %) 12.9) 8(3.0) 1.000
Increased RF (n, %) 14(36.8) 69(24.0) 0.090
IgA (g/L), x £ 29+£11 31124 0.540
IgM (g/L), x£s 13+£09 15£20 0511
I9G (g/L), x£s 168+£54 16.1+£6.8 0.573
IgG4 (g/L), x£s 054+06 0615 0.956
Increased CRP (n, %) 3(7.7) 35(11.1) 0.702
Increased ESR (n, %) 12(29.3) 99(32.5) 0.682
Decreased 25-(OH)D (n, %) 6(18.8) 40(14.7) 0.732

A/G: albumin/globulin; UA: uric acid; TC: total cholesterol; TG: triglycerides; HDL: high density lipoprotein; FBG: fasting blood glucose; C3: complement 3; C4:

complement 4; ANA: antinuclear antibodies; CCP: cyclic citrullinated peptide; RF: rheumatoid factor; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; 25-

(OH) D: 25-hydroxy vitamin D
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Table 4 Comparison of characteristics between arthritis and OA in pSS patients with arthralgia

Variable pSS with arthritis pSS with OA p value

n=12 n=284

Female (n, %) 12(100.0) 78(92.9) 0.750

Age (year), x£s 514145 624100 0.001

Disease duration (year) M (IQR) 5(1.8-7.8) 5(-10) 0.341

ESSDAI score M (IQR) 7(4.8-8.5) 4(2.0-7.0) 0.005

Clinical manifestation (n, %)
Dry mouth 12(100.0) 72(85.7) 0.351
Objective 7(100.0) 59(93.7) 1.000
Dry eye 9(75.0) 57(67.9) 0.868
Objective 5(100.0) 23(95.8) 1.000
Swollen parotid gland 1(8.3) 11(13.1) 1.000
Renault phenomenon 1(8.3) 10(11.9) 1.000
Lymphadenopathy 1(8.3) 3(3.6) 1.000
Cutaneous 3(25.0) 2(24) 0.013
Pulmonary 2(16.7) 15(17.9) 1.000
Renal 1(8.3) 2(2.4) 0.825
Muscular 1(8.3) 1(1.2) 0.107
Peripheral nervous system 1(8.3) 3(3.6) 1.000
Hematological 6(50.0) 53(63.1) 0.579

Laboratory data
Hemoglobin (g/L), x£s 123+165 121124 0.590
A/G 12403 1.34+03 0428
Globulin (g/L), x£s 326165 319461 0.696
UA (umol/L), M (IQR) 217(163.8-300.5) 284(230.0-335.0) 0.042
TC (mmol/L), M (IQR) 4.7(3.9-5.5) 4.8(4.0-5.4) 0.934
TG (mmol/L), M (IQR) 0.9(0.8-1.1) 1.3(0.9-1.7) 0.040
HDL (mmol/L), M (IQR) 1.1(1.0-1.6) 1.2(1.0-1.4) 0.980
FBG (mmol/L), x£s 48405 50+£13 0.533
C3(g/L), x=Es 1.0£02 1.0£02 0.741
C4 (g/L), x£s 02+0.1 02+0.1 0.166
ANA positive (n, %) 10(83.3) 50(60.2) 0.219
Anti-SSA (n, %) 9(75.0) 50(60.2) 0.505
Anti-SSB (n, %) 3(25.0) 22(26.5) 1.000
Anti-CCP (n, %) 109.1) 3(4.2) 1.000
Increased RF (n, %) 4(33.3) 16(22.2) 0.638
IgA (g/L), x£s 23+09 30£15 0.170
IgM (g/L), x£s 1.1£05 15+14 0418
19G (g/L), x£s 16.1+£54 15044 0.459
9G4 (g/L), x£s 05+06 08+30 0.791
Increased CRP (n, %) 1(8.3) 6(7.3) 1.000
Increased ESR (n, %) 2(16.7) 25(30.9) 0.503
Decreased 25-(OH)D (n, %) 3(37.5) 16(21.9) 0.584

OA: osteoarthritis; A/G: albumin/globulin; UA: uric acid; TC: total cholesterol; TG: triglycerides; HDL: high density lipoprotein; FBG: fasting blood glucose; C3:
complement 3; C4: complement 4; ANA: antinuclear antibodies; CCP: cyclic citrullinated peptide; RF: rheumatoid factor; CRP: C-reactive protein; ESR: erythrocyte

sedimentation rate; 25-(OH) D: 25-hydroxy vitamin D

metabolism can change the inflammatory microenviron-  synovial fluid of OA patients contained a high concen-
ment and play a key role in the progression of cartilage tration of cholesterol [32]. When OA patients with high
degeneration in OA [31]. Studies had found that the fat state, the expression of genes regulating cholesterol
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b Arthritis OR (95%Cl)
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Fig. 1 Association between Met components and joint changes in pSS patients. pSS-OA group versus pSS-nOA group (a); pSS-arthritis versus
pSS-no arthritis group (b). pSS: primary Sjogren’s Syndrome; OA: osteoarthritis; Met: metabolism; UA: uric acid; TC: total cholesterol; TG: triglycerides;

HDL: high density lipoprotein; FBG: fasting blood glucose

output was down-regulated, leading to continuous accu-
mulation of cholesterol, resulting in continuous abnor-
mal secretion of IL-1p and TNF-«a [33]. Increased lipid
levels also activated NLRP3 inflammasomes and lead to
increased release of IL-1B [34]. Perhaps, inflammatory
factors such as IL-1P and TNEF-A explain the association.
II-1p is involved in various pathways leading to cartilage
destruction, including inhibiting the production of colla-
gen type II, stimulating the synthesis and breakdown of
matrix metalloproteinases, and inhibiting the viability of
chondrocytes [33, 35]. Adipose tissue can also affect the
differentiation of bone marrow mesenchymal stem cells
into osteoblasts or adipocytes through Wnt/p-catenin
signaling pathway and PPARy signaling pathway [36].
Therefore, a high level of blood lipid concentration will
destroy the normal differentiation and metabolic activity
of chondrocytes, thus promoting the occurrence of OA.
We also noted that serum uric acid levels were sig-
nificantly higher in OA patients than in non-OA, but
hyperuricemia was not confirmed for the occurrence and
progression of OA disease. Our study result is similar
to the previous clinical studies on blood lipids. The UA
level of OA patients was higher in the female cohort [37].
Higher sUA levels were proved to associate with faster
joint space narrowing and predicted the progression
of joint structural changes [38]. Similarly, after adjust-
ing for common factors such as age and BMI, serum UA
level was no longer a risk factor for OA progression [39].
In vitro studies have confirmed that elevated synovial
urate levels promoted OA, and the cartilage surface of
OA injury is more conducive to urate deposition. Firstly,
the deposition of monosodium urate (MSU) crystals
on cartilage easily led to mechanical and inflammatory
damage of chondrocytes [40]. Secondly, chondrocytes
exposed to urate mainly activate NALP3 inflammasome,

leading to the upregulation of inflammatory factors
such as IL-1p [41, 42]. Denoble et al. also observed that
urate concentration in synovial fluid with knee OA was
correlated with the synovial IL-1f and IL-18 levels [42].
Therefore, the epidemiological relationship between
hyperuricemia, hyperlipidemia, and OA in clinical stud-
ies is still controversial. Factors such as age, sex, and obe-
sity appear to influence and alter the association between
sUA, lipids, and OA outcomes. Our results also indicate
that the levels of UA and lipid metabolic factors are sig-
nificantly different between OA patients and non-OA
patients, but the association needs to be further studied
in the future.

Most arthritis symptoms in this cohort occurred before
the diagnosis of pSS, with MCP, PIP, and wrist joints
being the most commonly affected joints in pSS patients.
When arthralgia was associated with pSS, the subjective
symptoms of dry mouth and dry eyes were also more
obvious. The ESSDALI score of patients with arthritis was
significantly higher than that of patients without arthri-
tis, suggesting not only that symptoms of arthritis are
included in the assessment of disease activity status, but
also that arthritis is associated with other systemic organ
involvement, such as cutaneous vasculitis and muscle
lesions. Previous studies on joint involvement in pSS
patients had found the same results; pSS patients with
AM had a higher risk of multi-system involvement, which
was independently associated with renal involvement,
RP, peripheral neuropathy, and cutaneous vasculitis [8].
Adrien Mirouse et al. also found that pSS patients with
synovitis were more likely to have lymphadenopathy than
patients without articular manifestations [10]. Compared
with OA patients in this cohort, we saw that arthritis
patients showed positive results of eye desiccation exami-
nation and salivary gland ECT, as well as higher positive
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rates of anti-SSA, anti-SSB, CCP antibody, and RF. The
number of autoantibodies in pSS had already been shown
to be positively correlated with the number of extraglan-
dular manifestations [43]. Interestingly, we didn't find
any connection between arthritis and metabolic factors
such as blood lipids, uric acid, or blood glucose. This may
become the key point in the identification of arthralgia
in pSS patients. When combined with arthritis, the dis-
ease symptoms and immunological characteristics of
itself are more prominent, but when OA, the metabolic
abnormalities are more obvious. Clinically, being able to
identify the cause of arthralgia in patients with dryness
has important implications for treatment options. Some
studies had discovered patients treated with hydroxy-
chloroquine (HCQ) had a lower incidence of arthritis
[44]. Methotrexate (MTX) and rituximab (RTX) could
effectively control the joint manifestations [10]. Cyclo-
sporin A (CSA) treatment reduced the number of painful
and swollen joints, which was an effective choice for pSS
with joint involvement [45]. However, for osteoarthritis,
the ACR guidelines did not recommend the use of HCQ,
MTX, and other immunosuppressive agents [46], which
had no significant effect on the improvement in joint
pain and structural progress [47].

Therefore, it is necessary to identify the clinical pheno-
types of arthralgia in pSS patients to make the appropri-
ate treatment choices. To the best of our knowledge, this
is the first time to compare the characteristics between
arthritis and OA in pSS patients, to provide some dif-
ferential evidence for the diagnosis of arthralgia in the
future. Nevertheless, there are some limitations to our
study. Firstly, it is a retrospective study that may have
some limitations due to missing data. Secondly, it’s a
small sample size. In the end, a prospective cohort study
is needed to discuss the long-term outcomes of initial
arthralgia in pSS patients and to explore the mechanisms
by which arthralgia progresses to arthritis or OA.
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