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at the time of diagnosis
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To estimate the risk of systemic lupus erythematosus (SLE) flares based on the autoantibody positivity
at the time of SLE diagnosis. This retrospective cohort study included 228 patients with newly
diagnosed SLE. Clinical characteristics including autoantibody positivity at the time of diagnosis of
SLE were reviewed. Flares were defined as a new British Isles Lupus Assessment Group (BILAG) A score
or BILAG B score for at least one organ system. Multivariable Cox regression analyses were performed
to estimate the risk of flares according to autoantibody positivity. Anti-dsDNA, anti-Sm, anti-U1RNP,
anti-Ro, and anti-La antibodies (Abs) were positive in 50.0%, 30.7%, 42.5%, 54.8%, and 22.4% of

the patients, respectively. The incidence rate of flares was 28.2/100 person-years. Multivariable Cox
regression analysis, adjusted for potential confounders, revealed that anti-dsDNA Ab positivity
(adjusted hazard ratio [HR]: 1.46, p=0.037) and anti-Sm Ab positivity (adjusted HR: 1.81, p=0.004)

at the time of diagnosis of SLE were associated with higher risk of flares. To better delineate the flare
risk, patients were categorized as double-negative, single-positive, double-positive for anti-dsDNA
and anti-Sm Abs. Compared with double-negativity, double-positivity (adjusted HR: 3.34, p<0.001)
was associated with higher risk of flares, while anti-dsDNA Ab single-positivity (adjusted HR: 1.11,
p=0.620) or anti-Sm Ab single-positivity (adjusted HR: 1.32, p=0.270) was not associated with higher
risk of flares. Patients who are double-positive for anti-dsDNA and anti-Sm Abs at the time of the
diagnosis of SLE are at higher risk of flares and may benefit from stringent monitoring and early
preventive treatment.

Abbreviations

SLE Systemic lupus erythematosus

ANA Antinuclear antibody

dsDNA Double-stranded DNA

ENA Extractable nuclear antigen

Ab Antibody

SLICC Systemic lupus international collaborating clinics
SLEDAI-2K  Systemic lupus erythematosus disease activity index 2000
BILAG British isles lupus assessment group

HR Hazard ratio

CI Confidence interval

Systemic lupus erythematosus (SLE) is a systemic autoimmune disease characterized by excessive production of
pathogenic autoantibodies against a range of autoantigens'. Of the pathogenic autoantibodies, autoantibodies
against nuclear components (antinuclear antibodies, ANAs) are the hallmark of SLE that is detected in virtually
all patients with SLE. The particular antigens targeted by ANAs include double-stranded DNA (dsDNA) and
extractable nuclear antigens (ENAs), such as Sm antigen, UIRNP antigen, Ro antigen, La antigen, etc>*. Presence
of autoantibodies against these particular autoantigens is known to be associated with specific manifestations
of SLE: anti-dsDNA antibody (Ab) is associated with renal involvement and overall disease activity of SLE*;
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anti-Sm Ab is associated with renal involvement®’; anti-U1RNP Ab is associated with Raynaud’s phenomenon
and pulmonary hypertension'®"; and anti-Ro Ab and anti-La Ab are associated with cutaneous lupus, neonatal
lupus, and sicca symptoms®>!2.

During the course of the disease, SLE has periods of low disease activity, either by treatment or spontaneously,
which are interspersed by periods of SLE flares'®. The SLE flare events usually require intensified treatment'*. An
increased dose of glucocorticoids and/or immunosuppressants for the management of SLE flares is associated
with adverse effects, including infections'®. Moreover, the number of SLE flares is independently associated with
an increased risk of damage accrual'®. Therefore, it is important to identify patients with SLE at an increased risk
of flare, preferably at early stages of the disease, as it can lead to optimized monitoring and preventive treatment.
Although autoantibodies are known to play an important role in the pathogenesis of SLE?, association between
their presence at the time of diagnosis and the risk of SLE flares is largely unknown. Studies have reported that
increase in the titer of anti-dsDNA Ab during the disease course is associated with subsequent SLE flares!’~1.
However, it remains unclear whether the presence of autoantibodies including anti-dsDNA Ab at the time of
diagnosis of SLE is associated with the risk of SLE flares during the disease course.

Here, we aimed to assess the risk of SLE flares according to the presence of anti-dsDNA Ab and anti-ENA
Abs at the time of diagnosis of SLE.

Methods
Study population. Patients newly diagnosed with SLE between January 2009 and December 2019 at a ter-
tiary referral hospital in Seoul, South Korea, were retrospectively included in the study. All patients fulfilled the
2012 Systemic Lupus International Collaborating Clinics (SLICC) classification criteria for SLE?. Patients who
were followed up for less than a year were excluded. The retrospective observation period was from the date of
SLE diagnosis to the last follow-up date, up to December 2021 or the date of first flare, whichever came first. The
following data at the time of diagnosis of SLE were reviewed: age, sex, clinical manifestations of SLE, positivity
of anti-dsDNA Ab, anti-Sm Ab, anti-U1RNP Ab, anti-Ro Ab, and anti-La Ab, levels of C3 and C4, and the SLE
Disease Activity Index 2000 (SLEDAI-2 K)?!. All patients who had symptoms or signs compatible to SLE and
were positive for ANA were uniformly tested for anti-dsDNA, anti-Sm, anti-U1RNP, anti-Ro, and anti-La Abs.
Therefore, there were no missing data on the positivity for each autoantibody. The positivity of anti-dsDNA Ab
and anti-ENA Abs was tested using an automated fluoroimmunoassay analyzer (EliA; Phadia, Uppsala, Sweden).
The use of the following medications during the observation period was reviewed: hydroxychloroquine, gluco-
corticoid, cyclophosphamide, mycophenolate mofetil, azathioprine, methotrexate, cyclosporin, and tacrolimus.
This study was approved by the Institutional Review Board of Gangnam Severance Hospital (No. 3-2020-
0114). The requirement for informed consent was waived by the Institutional Review Board of Gangnam Sever-
ance Hospital due to the retrospective nature of this study. This study conformed the ethical guidelines laid out
by the 1964 Helsinki declaration.

Definition of flares. SLE flare was defined as (a) a new British Isles Lupus Assessment Group (BILAG) A
score requiring high dose glucocorticoids (prednisolone >20 mg per day or equivalent) and/or immunosup-
pressants or (b) a new BILAG B score requiring lower doses of glucocorticoids, antimalarials, or nonsteroidal
anti-inflammatory drugs for at least one organ system, preceded by BILAG C-E scores®. Flares were further cat-
egorized as severe flares and mild-to-moderate flares. Severe flare was defined as the occurrence of a new BILAG
A score, and mild-to-moderate flare was defined as the occurrence of a new BILAG B score.

Statistical analysis. For the description of characteristics, continuous variables following normal distribu-
tion or non-normal distribution were expressed as mean (+ standard deviation) or median (interquartile range),
respectively. Categorical variables were expressed as numbers (%). One-way analysis of variance was used to
compare continuous variables between four groups, and Bonferroni test was used for post-hoc analysis. Stu-
dent’s t-test was used to compare continuous variables between two groups. Chi-square test or Fisher’s exact test
was used to compare categorical variables between groups. Kaplan-Meier analysis was performed to visualize
flare-free survival rates. Flare-free survival rates between different groups were compared using log-rank test. To
assess whether the presence of anti-dsDNA Ab and anti-ENA Abs at the time of the diagnosis of SLE is associ-
ated with the risk of SLE flares, Cox proportional hazard regression analyses were used to estimate the hazard
ratio (HR) with 95% confidence interval (95% CI). The proportional hazards assumption was tested by examin-
ing the log [-1og (survival)] curves and Schoenfeld partial residuals; no relevant violations were identified. Uni-
variable analyses using each autoantibody as the independent variable were performed, followed by multivari-
able analyses adjusted for age, sex, positivity of other autoantibodies, levels of complements, renal involvement,
SLEDAI-2 K, and the use of hydroxychloroquine and immunosuppressants during the observation period. The
analyses were first conducted using all flares (including both severe flare and mild-to-moderate flare) as the
dependent variable, and then severe flare and mild-to-moderate flare were considered as the dependent vari-
ables to investigate whether a particular autoantibody is associated with the severity of the flare. P value <0.05
was considered statistically significant. All analyses were conducted using the SPSS software (version 25.0; IBM
Corporation, Armonk, NY, USA).

Results

Patient characteristics. A total of 228 patients with newly diagnosed SLE were included. The character-
istics of the patients at the time of diagnosis of SLE are shown in Table 1. The mean age of the patients was 38.3
(£ 14.9) years and majority of the patients were female (92.1%). The proportion of patients positive for anti-
dsDNA Ab, anti-Sm Ab, anti-UIRNP Ab, anti-Ro Ab, and anti-La Ab were 50.0%, 30.7%, 42.5%, 54.8%, and
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Characteristics N=228
Age, years, mean (+SD) 38.3 (+14.9)
Female, n (%) 210(92.1)
Clinical manifestations, n (%)

Mucocutaneous 126 (55.3)
Musculoskeletal 104 (45.6)
Hematologic 147 (64.5)
Renal 41 (18.0)
Serositis 21(9.2)
Neuropsychiatric 17 (7.5)
Vasculitis 6(2.6)
Autoantibody positivity, n (%)

Anti-dsDNA Ab 114 (50.0)
Anti-Sm Ab 70 (30.7)
Anti-UIRNP Ab 97 (42.5)
Anti-Ro Ab 125 (54.8)
Anti-La Ab 51 (22.4)
C3, mg/dL, mean (+SD) 83.4 (+33.0)
C4, mg/dL, mean (+SD) 18.9 (+11.8)
SLEDAI-2 K, mean (£ SD) 8.6 (£5.6)
Medications used during observation period, n (%)
Hydroxychloroquine 213 (93.4)
Glucocorticoid 218 (100.0)
Cyclophosphamide 22(9.6)
Mycophenolate mofetil 45 (19.7)
Azathioprine 54 (23.7)
Methotrexate 18 (7.9)
Cyclosporin 9(3.9)
Tacrolimus 8 (3.5)

Table 1. Characteristics of the patients with SLE. SLE systemic lupus erythematosus; ds double-stranded; Ab
antibody; SLEDAI-2 K systemic lupus erythematosus disease activity index 2000.

22.4%, respectively. The mean value of SLEDAI-2 K was 8.6 (£ 5.6). During the observation period, hydroxychlo-
roquine was used in 93.4% of the patients and glucocorticoid was used in all patients. In regard to immunosup-
pressants, cyclophosphamide, mycophenolate mofetil, azathioprine, methotrexate, cyclosporin, and tacrolimus
were used in 9.6%, 19.7%, 23.7%, 7.9%, 3.9%, and 3.5% of the patients, respectively. None of the patients received
rituximab or belimumab during the observation period.

Occurrence of flares. During a median observation period of 1.9 (0.8-3.7) years (total person-years of
observation: 635.0 person-years), SLE flare events occurred in 179 (78.5%) patients. The number of flares per
BILAG organ domain is shown in supplementary Table 1. The incidence rate of SLE flare was 28.2/100 person-
years (Table 2). Severe flares occurred in 92 (40.4%) patients and mild-to-moderate flares occurred in 87 (38.2%)
patients, corresponding to incidence rates of 14.5/100 person-years and 13.7/100 person-years, respectively.

N=228

Any flares
Number of patients with flare events (%) 179 (78.5)

Incidence rate of flare/100 person-years 28.2

Severe flares

Number of patients with flare events (%) 92 (40.4)

Incidence rate of flare/100 person-years 14.5

Mild-to-moderate flares

Number of patients with flare events (%) 87 (38.2)

Incidence rate of flare/100 person-years 13.7

Table 2. Summary of flare events.
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Risk of flare according to the positivity of each autoantibody at the time of diagnosis of
SLE. Univariable analysis revealed that anti-dsDNA Ab positivity (unadjusted HR: 1.47, 95% CI: 1.09-1.99,
p=0.011) and anti-Sm Ab positivity (unadjusted HR: 1.52, 95% CI: 1.12-2.07, p=0.008) were associated with
a higher risk of any flares. These associations remained statistically significant in the multivariable analysis
adjusted for potential confounders (anti-dsDNA Ab positivity, adjusted HR: 1.46, 95% CI: 1.02-2.08, p=0.037;
and anti-Sm Ab positivity, adjusted HR: 1.81, 95% CI: 1.20-2.71, p=0.004) (Table 3). The titers of anti-dsDNA
Ab (adjusted HR: 1.001, 95% CI: 1.000-1.002, p=0.004) and anti-Sm Ab (adjusted HR: 1.003, 95% CI: 1.001-
1.005 p=0.003) were also associated with an increased risk of any flares.

Univariable analysis for the estimation of the risk of severe flares revealed that anti-dsDNA Ab positiv-
ity (unadjusted HR: 2.05, 95% CI: 1.38-3.03, p <0.001), anti-Sm Ab positivity (unadjusted HR: 1.73, 95% CI:
1.17-2.55, p=0.006), and anti-U1RNP Ab positivity (unadjusted HR: 1.64, 95% CI: 1.12-2.39, p=0.011) were
associated with a higher risk of severe flares. However, in the multivariable analysis, only the association with
anti-dsDNA Ab positivity (adjusted HR: 1.63, 95% CI: 1.02-2.62, p=0.041) remained statistically significant.
The titer of anti-dsDNA Ab (adjusted HR: 1.002, 95% CI: 1.001-1.003, p<0.001) was also associated with a
higher risk of severe flares.

Univariable analysis for the estimation of the risk of mild-to-moderate flares revealed that anti-La Ab positiv-
ity (unadjusted HR: 1.51, 95% CI: 1.01-2.25, p =0.046) was associated with a higher risk of mild-to-moderate
flares. However, in the multivariable analysis, this association lost statistical significance (adjusted HR: 1.46,
95% CI: 0.86-2.47, p=0.164), while anti-Sm Ab positivity (adjusted HR: 1.88, 95% CI: 1.14-3.09, p=0.013) was
newly identified as having statistically significant association with a higher risk of mild-to-moderate flares. The
titer of anti-Sm Ab (adjusted HR: 1.003, 95% CI: 1.000-1.005, p=0.019) was also associated with a higher risk
of mild-to-moderate flares.

Risk of flare according to anti-dsDNA Ab and anti-Sm Ab positivity. Asanti-dsDNA Ab and anti-
Sm ADb were identified as two autoantibodies associated with a higher risk of flares, we further categorized the
patients according to their positivity status with respect to these two autoantibodies (double-negative, single-
positive for anti-dsDNA Ab, single-positive for anti-Sm Ab, and double-positive) to better delineate the risk of
flares. The comparison of characteristics between patients who were anti-dsDNA Ab (+) vs. (), and anti-Sm
Ab (+) vs. (), and between patients with four levels of positivity for anti-dsDNA and anti-Sm Abs [(-)/(-)
vs. (+)/(=) vs. (=)/(+) vs. (+)/(+)] are summarized in Table 4. Patients who were anti-dsDNA Ab (+) less
commonly had mucocutaneous manifestations (43.0% vs. 67.5%, p <0.001), more commonly had renal mani-
festations (28.1% vs. 7.9%, p <0.001) and serositis (14.9% vs. 3.5%, p=0.003), had lower C3 (71.8+33.8 mg/dL
vs. 95.2+27.6 mg/dL, p<0.001) and C4 (14.3+10.2 mg/dL vs. 23.6+11.5 mg/dL, p <0.001) levels, and higher
SLEDAI-2 K (11.1%5.8 vs. 6.0+4.1, p<0.001), and more commonly received cyclophosphamide (14.9% vs
4.4%, p=0.007), mycophenolate mofetil (29.8% vs. 9.6%, p <0.001) and azathioprine (32.5% vs 14.9%, p =0.002)
than those who were anti-dsDNA Ab (-). Patients who were anti-Sm Ab (+) were younger (33.7+ 12.5 years vs.
40.3+15.5 years, p=0.002), more commonly had musculoskeletal manifestations (55.7% vs. 41.1%, p=0.042)

Univariable analysis Multivariable analysis*
Unadjusted HR (95% CI) | Pvalue | Adjusted HR (95% CI) | P value

Any flares

Anti-dsDNA Ab positivity | 1.47 (1.09-1.99) 0.011 | 1.46 (1.02-2.08) 0.037
Anti-Sm Ab positivity 1.52 (1.12-2.07) 0.008 | 1.81(1.20-2.71) 0.004
Anti-UIRNP Ab positivity 1.19 (0.89-1.60) 0.250 | 0.81(0.55-1.19) 0.280
Anti-Ro Ab positivity 1.19 (0.88-1.61) 0.252 | 0.99 (0.67-1.46) 0.945
Anti-La Ab positivity 1.24 (0.89-1.74) 0.211 |1.31(0.85-2.02) 0.218
Severe flares

Anti-dsDNA Ab positivity 2.05 (1.38-3.03) <0.001 | 1.63(1.02-2.62) 0.041
Anti-Sm Ab positivity 1.73 (1.17-2.55) 0.006 | 1.55(0.90-2.66) 0.116
Anti-UIRNP Ab positivity 1.64 (1.12-2.39) 0.011 |1.22(0.73-2.06) 0.452
Anti-Ro ADb positivity 1.13 (0.77-1.65) 0.528 | 0.97 (0.58-1.62) 0.907
Anti-La Ab positivity 1.04 (0.66-1.62) 0.879 | 1.36 (0.76-2.41) 0.301
Mild-to-moderate flares

Anti-dsDNA Ab positivity 1.04 (0.72-1.51) 0.831 | 1.28 (0.82-2.00) 0.277
Anti-Sm Ab positivity 1.43 (0.97-2.11) 0.069 | 1.88(1.14-3.09) 0.013
Anti-U1RNP Ab positivity 1.08 (0.75-1.57) 0.681 | 0.67 (0.42-1.07) 0.090
Anti-Ro Ab positivity 1.25(0.86-1.82) 0.237 | 0.98 (0.59-1.63) 0.933
Anti-La Ab positivity 1.51 (1.01-2.25) 0.046 | 1.46 (0.86-2.47) 0.164

Table 3. Risk of flares according to the positivity of each autoantibody. HR hazard ratio; CI confidence
interval; ds double-stranded; Ab antibody. *Multivariable analysis adjusted for age, sex, positivity of other
autoantibodies, levels of complements, renal involvement, SLEDAI-2 K, and use of hydroxychloroquine and
immunosuppressants during observation period.
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Anti-dsDNA Ab Anti-Sm Ab Four levels of positivity for anti-dsDNA and anti-Sm Abs

(+) (-) (+) (-) (=)/(-) (H)/(-) (-)/(+) (H)/(+)

(N=114) (N=114) Pvalue | (N=70) (N=158) Pvalue | (N=80) (N=78) (N=34) (N=36) P value
éggby)ea“‘ mean 372(+15.6) |39.3(£142) | 0279 |33.7(+125) |403(£155) | 0.002 |40.4(£15.0) | 402 (£16.0) |36.9 (£11.9) |30.8(x12.5) | 0.006"
Female, n (%) 104 (91.2) 106 (93.0) 0.623 | 63(90.0) 147 (93.0) 0433 | 76(95.0) 71 (91.0) 30 (88.2) 33(91.7) 0.574
Clinical manifestations, n (%)
Mucocutaneous 49 (43.0) 77(67.5) | <0.001 | 40(57.1) 86 (54.4) 0704 | 53(66.3) 33 (42.3) 24 (70.6) 16 (44.4) 0.003
Musculoskeletal 53 (46.5) 51 (44.7) 0790 | 39(55.7) 65 (41.1) 0.042 | 32(40.0) 33 (42.3) 19 (55.9) 20 (55.6) 0.237
Hematologic 76 (66.7) 71 (62.3) 0489 | 45(64.3) 102 (64.6) 0969 | 49(61.3) 53 (67.9) 22 (64.7) 23 (63.9) 0.854
Renal 32(28.1) 9(7.9) <0.001 | 14(20.0) 27 (17.1) 0.598 6(7.5) 21 (26.9) 3(8.8) 11 (30.6) 0.001
Serositis 17 (14.9) 4(3.5) 0.003 | 11(15.7) 10 (6.3) 0.024 2(2.5) 8(10.3) 2(5.9) 9 (25.0) 0.002
Neuropsychiatric 10 (8.8) 7(6.1) 0.449 4(5.7) 13 (8.2) 0.505 7(8.8) 6(7.7) 0(0.0) 4(11.1) 0.257
Vasculitis 1(0.9) 5 (4.4) 0.213 1(1.4) 5(3.2) 0.669 4(5.0) 1(1.3) 1(2.9) 0(0.0) 0.384
Autoantibody positivity, n (%)
Anti-dsDNA Ab 114 (100.0) 0(0.0) N/A | 36(51.4) 78 (49.4) 0.774 0(0.0) 78 (100.0) 0(0.0) 36(100.0) | <0.001
Anti-Sm Ab 36 (31.6) 34 (29.8) 0.774 | 70 (100.0) 0(0.0) N/A 0(0.0) 0(0.0) 34 (100.0) 36 (100.0) | <0.001
Anti-UIRNP Ab 49 (43.0) 48 (42.1) 0.893 | 57(81.4) 40(253) | <0.001 | 24(30.0) 16 (20.5) 24 (70.6) 33(91.7) | <0.001
Anti-Ro Ab 63 (55.3) 62 (54.4) 0.894 | 49 (70.0) 76 (48.1) 0.002 | 41(51.2) 35 (44.9) 21 (61.8) 28 (77.8) 0.008
Anti-La Ab 26 (22.8) 25 (21.9) 0.874 | 14(20.0) 37 (23.4) 0.568 | 18(22.5) 19 (24.4) 7 (20.6) 7 (19.4) 0.936
Efég)g/ dL, mean 71.8 (£33.8) | 95.2(+27.6) | <0.001 |782(£33.8) |85.8(£32.4) | 0.107 |962(£265) |753(£34.6) | 93.1(£30.4) |64.1(+31.0) | <0.001°
(Cfégl)g/dL’ mean 143 (+102) |23.6(£11.5) | <0.001 |17.2(+12.8) |19.7(+11.3) | 0.146 |23.9(+x11.3) |154(£9.6) |22.9(+11.9) |11.7(x11.2) | <0.001¢
(SPSEB;“'Z Komean |11 (458) | 60(x41) | <0001 | 91(£51) | 83(£58) 0362 | 6.1(x44) |106(x62) | 59(3.3) |120(x47) | <0001
Medications used during observation period, n (%)
Hydroxychloroquine | 104 (91.2) 109 (95.6) 0.182 | 65(92.9) 148 (93.7) 0779 | 77(96.3) 71 (91.0) 32(94.1) 33(91.7) 0.543
Glucocorticoid 114 (100.0) | 114 (100.0) N/A | 70(100.0) | 158 (100.0) N/A
Cyclophosphamide 17 (14.9) 5(4.4) 0.007 | 11(15.7) 11(7.0) 0.039 2(2.5) 9(11.5) 3(8.8) 8(22.2) 0.006
fﬁg;ﬁgﬁhemlate 34 (29.8) 11 (9.6) <0.001 | 19(27.1) 26 (16.5) 0.061 7(8.8) 19 (24.4) 4(11.8) 15(41.7) | <0.001
Azathioprine 37 (32.5) 17 (14.9) 0.002 | 21(30.0) 33(20.9) 0.135 9(11.3) 24 (30.8) 8 (23.5) 13 (36.1) 0.007
Methotrexate 11 (9.6) 7(6.1) 0.326 8 (11.4) 10 (6.3) 0.188 5(6.3) 5 (6.4) 2(5.9) 6 (16.7) 0.278
Cyclosporin 6(5.3) 3(2.6) 0.499 5(7.1) 4(2.5) 0.137 2(2.5) 2(2.6) 1(2.9) 4(11.1) 0.141
Tacrolimus 7(6.1) 1(0.9) 0.066 3(4.3) 5(3.2) 0.704 1(1.3) 4(5.1) 0(0.0) 3(8.3) 0.131

Table 4. Comparison of characteristics according to positivity of anti-dsDNA Ab and anti-Sm Ab. ds double-
stranded; Ab antibody; SLEDAI-2 K systemic lupus erythematosus disease activity index 2000. *Significant
differences in Bonferroni test: (—)/(-) versus. (+)/(+), p=0.007; and (+)/(-) versus. (+)/(+), p=0.010.
bSignificant differences in Bonferroni test: (-)/(-) versus. (+)/(=), p<0.001; (=)/(-) versus. (+)/(+), p<0.001;
(+)/(-) versus. (—)/(+), p=0.033; and (—)/(+) versus. (+)/(+), p=0.001. “Significant differences in Bonferroni
test: (—)/(=) versus. (+)/(-), p<0.001; (-)/(-) versus. (+)/(+), p<0.001; (+)/(-) versus. (=)/(+), p=0.006;
and (=)/(+) versus. (+)/(+), p<0.001. %Significant differences in Bonferroni test: (—)/(—) versus. (+)/(-),
p<0.001; (-)/(-) versus. (+)/(+), p<0.001; (+)/(—) vs. (=)/(+), p<0.001; and (—)/(+) versus. (+)/(+),
p=0.001.

and serositis (15.7% vs. 6.3%, p=0.024), more commonly positive for anti-UIRNP Ab (81.4% vs. 25.3%,
p<0.001) and anti-Ro Ab (70.0% vs. 48.1%, p=0.002), and more commonly received cyclophosphamide (15.7%
vs. 7.0%, p=0.039) than those who were anti-Sm Ab (-). In the comparison of characteristics according to
the four levels of positivity for anti-dsDNA and anti-Sm Abs [(=)/(=) vs. (+)/(=) vs. (=)/(+) vs. (+)/(+)], age
(40.4£15.0 years vs. 40.2 +16.0 years vs. 36.9 £ 11.9 years vs. 30.8 + 12.5 years, p=0.006), proportion of patients
with mucocutaneous manifestations (66.3% vs. 42.3% vs. 70.6% vs. 44.4%, p=0.003), renal manifestations (7.5%
vs. 26.9% vs. 8.8% vs. 30.6%, p=0.001), serositis (2.5% vs. 10.3% vs. 5.9% vs. 25.0%, p=0.002), anti-UIRNP Ab
positivity (30.0% vs. 20.5% vs. 70.6% vs. 91.7%, p <0.001), and anti-Ro Ab positivity (51.2% vs. 44.9% vs. 61.8%
vs. 77.8%, p=0.008), C3 (96.2+26.5 mg/dL vs. 75.3+34.6 mg/dL vs. 93.1+30.4 mg/dL vs. 64.1+31.0 mg/dL,
p<0.001) and C4 (23.9+11.3 mg/dL vs. 15.4+9.6 mg/dL vs. 22.9+11.9 mg/dL vs. 11.7+11.2 mg/dL, p <0.001)
levels, SLEDAI-2 K (6.1 +4.4 vs. 10.6£6.2 vs. 5.9+3.3 vs. 12.0£4.7, p<0.001), and proportion of patients who
received cyclophosphamide (2.5% vs. 11.5% vs. 8.8% vs. 22.2%, p=0.006), mycophenolate mofetil (8.8% vs.
24.4% vs. 11.8% vs. 41.7%, p<0.001), and azathioprine (11.3% vs. 30.8% vs. 23.5% vs. 36.1%, p=0.007) were
different between groups.

The number of flare events and incidence rates of flares according to the positivity of anti-dsDNA and anti-
Sm Abs are reported in Table 5. Occurrences of any flares and severe flares were higher in patients who were
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Anti-dsDNA Ab Anti-Sm Ab Four levels of positivity for anti-dsDNA and anti-Sm Abs
(+) (<) (+) (=) (=) | (D) | (D) | (D)
(N=114) | (N=114) |Pvalue |(N=70) (N=158) Pvalue | (N=80) (N=78) (N=34) (N=36) Pvalue
Any flares
Number of patients with flare events (%) 97 (85.1) 82(71.9) 0.016 | 64(91.4) |115(72.8) |0.002 53(66.3) |62(79.5) |29(85.3) |35(97.2) 0.001

Incidence rate of flare/100 person-years

34.3 23.3 37.7 24.7 22.0 27.7 26.2 59.3

Severe flares

Number of patients with flare events (%) | 60 (52.6) | 32(28.1) | <0.001 |37(52.9) | 55(34.8) |0.010 21(26.3) |34(43.6) |11(32.4) |26(722) | <0.001

Incidence rate of flare/100 person-years 21.2 9.1 21.8 11.8 8.7 15.2 9.9 44.0
Mild-to-moderate flares

Number of patients with flare events (%) 37 (32.5) 50 (43.9) 0.076 | 27 (38.6) 60 (38.0) |0.932 32(40.0) |28(35.9) |18(52.9) 9(25.0) 0.108
Incidence rate of flare/100 person-years 13.1 14.2 15.9 12.9 133 12,5 16.2 15.2

Table 5. Flare events according to positivity of anti-dsDNA Ab and anti-Sm Ab. ds double-stranded; Ab
antibody.

anti-dsDNA ADb (+) than in those who were anti-dsDNA (-), and in those who were anti-Sm Ab (+) than in
those who were anti-Sm Ab (—). Among the four levels of positivity for anti-dsDNA and anti-Sm Abs, those who
were double-positive for anti-dsDNA and anti-Sm Abs had the highest occurrence of any flares and severe flares,
accounting for incidence rates of 59.3/100 person-years and 44.0/100 person-years, respectively. The flare-free
survival rates according to the four levels of positivity for anti-dsDNA and anti-Sm Abs are shown in Fig. 1.
Patients who were double-positive for anti-dsDNA Ab and anti-Sm Ab had the lowest survival rates for any flares
(Fig. 1A, p<0.001) and severe flares (Fig. 1B, p <0.001), but not mild-to-moderate flares (Fig. 1C, p=0.538).

For assessing the risk of flares according to the positivity of anti-dsDNA Ab and anti-Sm Ab, patients who
were double-negative for anti-dsDNA Ab and anti-Sm Ab were considered as the reference group. Patients
who were single-positive for anti-dsDNA Ab (any flare, adjusted HR: 1.11, 95% CI: 0.73-1.70, p=0.620; severe
flares, adjusted HR: 1.22, 95% CI: 0.69-2.16, p=0.501; and mild-to-moderate flares, adjusted HR: 1.15, 95%
CI: 0.68-1.93, p=0.608) or single-positive for anti-Sm Ab (any flare, adjusted HR: 1.32, 95% CI: 0.80-2.18,
p=0.270; severe flares, adjusted HR: 1.08, 95% CI: 0.53-2.17, p=0.839; and mild-to-moderate flares, adjusted
HR: 1.69, 95% CI: 0.95-2.98, p=0.072) did not exhibit significant association with higher risk of flares (Table 6).
On the other hand, patients who were double-positive for anti-dsDNA Ab and anti-Sm Ab had statistically sig-
nificant association with higher risk of flares (any flare, adjusted HR: 3.34, 95% CI: 1.85-6.01, p <0.001; severe
flares, adjusted HR: 2.93, 95% CI: 1.39-6.17, p=0.005; and mild-to-moderate flares, adjusted HR: 2.80, 95% CI:
1.27-6.19, p=0.011).

Discussion

It is well-known that disease activity fluctuates during the disease course of SLE'*>?. A recent study using the
SLICC cohort reported a flare incidence rate of 30/100 person-years for patients with SLE who were maintained
on hydroxychloroquine*. In our study population, in which the majority of patients (93.4%) were receiving
hydroxychloroquine, the incidence rate of flare was 28.2/100 person-years, which is similar to the incidence
rate of the previous study?. It should be noted that the incidence rate of flare is high even in patients who are
receiving hydroxychloroquine. This emphasizes the need to identify patients with a higher risk of flares at early
stages of the disease, as these patients can benefit from closer monitoring and prompt treatment. In this study,
we report that anti-dsDNA Ab and anti-Sm Ab double-positivity at the time of diagnosis of SLE is associated
with a higher risk of flares during the disease course. This finding has clinical implication because it may help
identify patients at a higher risk of flares early in the disease course.

Studies have reported multiple factors associated with the risk of SLE flares including age at the time of
diagnosis®>?, sex?”’, ethnicity?”’, complements®”?%, renal involvement®>?%, disease activity?®?%, and use of
hydroxychloroquine??*?** and immunosuppressants*>*°. However, previous studies investigating the risk fac-
tors of SLE flares did not evaluate the presence of anti-ENA Abs as a potential risk factor**-*°. One recent study
evaluated factors including autoantibody profile for association with the risk of SLE flares®! but the known
potential confounders such as age, sex, ethnicity, complements, renal involvement, disease activity, and use of
hydroxychloroquine and immunosuppressants were not adjusted in that study’'. In the present study, we used
multivariable analysis to adjust for potential confounders (ethnicity was not adjusted because all patients included
in our study were Korean). Therefore, the associations between autoantibodies and risk of flares observed in our
study seem independent of the potential confounders.

Multivariable analysis estimating the risk of flares according to the positivity of each autoantibody (Table 3)
revealed statistically significant association of anti-dsDNA Ab (any flares, adjusted HR: 1.46; and severe flares,
adjusted HR: 1.63) and anti-Sm Ab (any flares, adjusted HR: 1.81; and mild-to-moderate flares, adjusted HR:
1.88) with a higher risk of flares. However, when patients who were single-positive and double-positive for these
autoantibodies were analyzed separately, the effect sizes were attenuated in patients who were single-positive for
anti-dsDNA Ab (any flares, adjusted HR: 1.11; and severe flares, adjusted HR: 1.22) or single-positive for anti-Sm
AD (any flares, adjusted HR: 1.32; and mild-to-moderate flares, adjusted HR: 1.69) and lost statistical significance.
That is, patients who were single-positive for anti-dsDNA Ab and those who were single-positive for anti-Sm
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Figure 1. Flare-free survival curves according to the four levels of positivity for anti-dsDNA and anti-Sm Abs.
(A) any flares, (B) severe flares, and (C) mild-to-moderate flares. ds—double-stranded; Ab—antibody.

AD were not at a higher risk of flares. On the other hand, the effect sizes were accentuated in patients who were
double-positive for anti-dsDNA Ab and anti-Sm Ab (any flares, adjusted HR: 3.34; severe flares, adjusted HR:
2.93; and mild-to-moderate flares, adjusted HR: 2.80). These results suggest that patients at higher risk of flares
who may benefit from close monitoring are those who are double-positive for anti-dsDNA Ab and anti-Sm Ab,
rather than those who are single-positive for each autoantibody.

With regard to other autoantibodies, positivity of anti-UIRNP Ab, anti-Ro Ab, and anti-La Ab was not
associated with the risk of flares. Previous studies have shown that fluctuations of anti-U1RNP Ab, anti-Ro Ab,
and anti-La Ab levels are not associated with flares in SLE*>*. Our finding adds to the previous knowledge that
positivity of these autoantibodies at diagnosis is also not associated with the risk of flares.

Studies have reported that anti-dsDNA Ab level is associated with disease activity of SLE*>””. Other studies,
although less robust, have reported that anti-Sm Ab level is associated with disease activity of SLE***. However,
the association between positivity of anti-dsDNA Ab and anti-Sm Ab at the time of diagnosis of SLE and the
risk of flares have not been studied. Our finding is novel in that we showed that anti-dsDNA Ab and anti-Sm Ab
double-positivity as early as the onset of SLE is associated with a higher risk of flares during the disease course.
Given that both anti-dsDNA Ab and anti-Sm Ab are associated with disease activity of SLE*>73435 patients who
are double-positive for these autoantibodies may have inherent high disease activity burden even if the disease
activity is not yet overt at the time of diagnosis, and therefore, may have a higher chance of experiencing flares.

The present study has some limitations. First, variation of autoantibody titers over time was not taken into
account. Some recent studies have reported that variation of laboratory markers over time is associated with
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Univariable analysis Multivariable analysis®
Unadjusted HR (95% CI) | Pvalue | Adjusted HR (95% CI) | P value
Any flares
Double-negative 1.00 (reference) 1.00 (reference)
Single-positive for anti-dsDNA Ab 1.27 (0.88-1.84) 0.202 | 1.11(0.73-1.70) 0.620
Single-positive for anti-Sm Ab 1.20 (0.76-1.89) 0.443 | 1.32(0.80-2.18) 0.270
Double-positive 2.64 (1.71-4.07) <0.001 | 3.34(1.85-6.01) <0.001
Severe flares
Double-negative 1.00 (reference) 1.00 (reference)
Single-positive for anti-dsDNA Ab 1.64 (1.00-2.68) 0.049 | 1.22(0.69-2.16) 0.501
Single-positive for anti-Sm Ab 1.19 (0.63-2.23) 0.594 | 1.08 (0.53-2.17) 0.839
Double-positive 4.06 (2.34-6.95) <0.001 |2.93(1.39-6.17) 0.005
Mild-to-moderate flares
Double-negative 1.00 (reference) 1.00 (reference)
Single-positive for anti-dsDNA Ab 1.02 (0.65-1.60) 0.937 | 1.15(0.68-1.93) 0.608
Single-positive for anti-Sm Ab 1.34 (0.80-2.25) 0.269 | 1.69 (0.95-2.98) 0.072
Double-positive 1.63 (0.91-2.94) 0.101 | 2.80(1.27-6.19) 0.011

Table 6. Risk of flares according to the positivity of anti-dsDNA Ab and anti-Sm Ab. ds double-stranded; Ab
antibody; HR hazard ratio; CI confidence interval. *Multivariable analysis adjusted for age, sex, positivity of
other autoantibodies, levels of complements, renal involvement, SLEDAI-2 K, and use of hydroxychloroquine
and immunosuppressants during observation period.

flares in SLE***”. One study reported that improvement of erythrocyte sedimentation rate, C-reactive protein,
albumin, C3, proteinuria, urine red cells, and urine white cells over time is associated with lower risk of flares®.
With regard to variation of anti-dsDNA Ab titers over time, studies have shown mixed results. One study reported
no association between variation of anti-dsDNA Ab titers over time and risk of flares*, whereas another study
reported significant decrease in anti-dsDNA Ab titers over time in patients who did not develop flares afterwards
than in those who developed flares afterwards®. Further studies are needed to confirm the association between
variations of autoantibody titers over time and risk of flares. Second, as this was a retrospective study, possibility
of unmeasured confounding exists. For instance, we lack data on patients’ adherence to treatment, which could
affect the risk of flares. Third, although we found interesting associations between autoantibody positivity at the
time of diagnosis and future risk of flares, we lack mechanistic explanation for these associations. Fourth, the
study population consists of patients of a single ethnicity. Considering that disease characteristics of SLE vary
among patients with different ethnicities®®, whether the present results may apply to other ethnic populations
is unclear. Further prospective studies on various ethnic populations and mechanistic studies would be helpful
in advancing our present findings.

In conclusion, we found that patients who are double-positive for anti-dsDNA Ab and anti-Sm AD at the time
of diagnosis of SLE have 3.34-fold higher risk of experiencing any flares during the disease course than those
who are double-negative for anti-dsDNA Ab and anti-Sm Ab. In particular, anti-dsDNA Ab and anti-Sm Ab
double-positivity at the time of diagnosis of SLE was associated with 2.93-fold higher risk of severe flares and
2.80-fold higher risk of mild-to-moderate flares. Therefore, patients who are double-positive for anti-dsDNA
Ab and anti-Sm Ab at the time of diagnosis of SLE may benefit from stringent monitoring for flares and early
preventive treatment, hopefully leading to reduced damage accrual.
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Received: 30 May 2022; Accepted: 10 February 2023
Published online: 21 February 2023

References

1. Tsang, A.S. M. W. P. & Bultink, I. E. M. New developments in systemic lupus erythematosus. Rheumatol. Oxf. 60, vi21-vi28. https://
doi.org/10.1093/rheumatology/keab498 (2021).

2. Tsokos, G. C. Systemic lupus erythematosus. N. Engl. J. Med. 365, 2110-2121. https://doi.org/10.1056/NEJMra1100359 (2011).

3. Arbuckle, M. R. et al. Development of autoantibodies before the clinical onset of systemic lupus erythematosus. N. Engl. J. Med.
349, 1526-1533. https://doi.org/10.1056/NEJM0a021933 (2003).

4. Raissi, T. C., Hewson, C. & Pope, J. E. Repeat testing of antibodies and complements in systemic lupus erythematosus: When is it
enough?. J. Rheumatol. 45, 827-834. https://doi.org/10.3899/jrheum.161365 (2018).

5. Lam, G. K. & Petri, M. Assessment of systemic lupus erythematosus. Clin. Exp. Rheumatol. 23, $120-132 (2005).

6. Isenberg, D. A., Manson, J. ], Ehrenstein, M. R. & Rahman, A. Fifty years of anti-ds DNA antibodies: Are we approaching journey’s
end?. Rheumatol. Oxf. 46, 1052-1056. https://doi.org/10.1093/rheumatology/kem112 (2007).

7. Pisetsky, D. S. Anti-DNA antibodies-quintessential biomarkers of SLE. Nat. Rev. Rheumatol. 12, 102-110. https://doi.org/10.1038/
nrrheum.2015.151 (2016).

Scientific Reports |

(2023) 13:3068 | https://doi.org/10.1038/s41598-023-29772-w nature portfolio


https://doi.org/10.1093/rheumatology/keab498
https://doi.org/10.1093/rheumatology/keab498
https://doi.org/10.1056/NEJMra1100359
https://doi.org/10.1056/NEJMoa021933
https://doi.org/10.3899/jrheum.161365
https://doi.org/10.1093/rheumatology/kem112
https://doi.org/10.1038/nrrheum.2015.151
https://doi.org/10.1038/nrrheum.2015.151

www.nature.com/scientificreports/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

. Alba, P. et al. Anti-dsDNA, anti-Sm antibodies, and the lupus anticoagulant: significant factors associated with lupus nephritis.

Ann. Rheum. Dis. 62, 556-560. https://doi.org/10.1136/ard.62.6.556 (2003).

. Arroyo-Avila, M. et al. Clinical associations of anti-Smith antibodies in PROFILE: A multi-ethnic lupus cohort. Clin. Rheumatol.

34, 1217-1223. https://doi.org/10.1007/s10067-015-2941-y (2015).

Lian, E et al. Clinical features and independent predictors of pulmonary arterial hypertension in systemic lupus erythematosus.
Rheumatol. Int. 32, 1727-1731. https://doi.org/10.1007/s00296-011-1880-4 (2012).

Pisetsky, D. S. Antinuclear antibody testing—Misunderstood or misbegotten?. Nat. Rev. Rheumatol. 13, 495-502. https://doi.org/
10.1038/nrrheum.2017.74 (2017).

Hoffman, L. E. et al. Specific antinuclear antibodies are associated with clinical features in systemic lupus erythematosus. Ann.
Rheum. Dis. 63, 1155-1158. https://doi.org/10.1136/ard.2003.013417 (2004).

Pons-Estel, G. J., Alarcon, G. S., Scofield, L., Reinlib, L. & Cooper, G. S. Understanding the epidemiology and progression of
systemic lupus erythematosus. Semin. Arthritis Rheum. 39, 257-268. https://doi.org/10.1016/j.semarthrit.2008.10.007 (2010).
Ruperto, N. et al. International consensus for a definition of disease flare in lupus. Lupus 20, 453-462. https://doi.org/10.1177/
0961203310388445 (2011).

Langham, . et al. Disease severity, flares and treatment patterns in adults with systemic lupus erythematosus in the UK: A real-
world observational retrospective cohort analysis. Rheumatol. Adv. Pract. 5, rkab061. https://doi.org/10.1093/rap/rkab061 (2021).
Ugarte-Gil, M. E. et al. The number of flares patients experience impacts on damage accrual in systemic lupus erythematosus: Data
from a multiethnic Latin American cohort. Ann. Rheum. Dis. 74, 1019-1023. https://doi.org/10.1136/annrheumdis-2013-204620
(2015).

Pan, N. et al. A surge in anti-dsDNA titer predicts a severe lupus flare within 6 months. Lupus 23, 293-298. https://doi.org/10.
1177/0961203313515763 (2014).

Linnik, M. D. et al. Relationship between anti-double-stranded DNA antibodies and exacerbation of renal disease in patients with
systemic lupus erythematosus. Arthritis Rheum. 52, 1129-1137. https://doi.org/10.1002/art.20980 (2005).

ter Borg, E. J., Horst, G., Hummel, E. J., Limburg, P. C. & Kallenberg, C. G. Measurement of increases in anti-double-stranded DNA
antibody levels as a predictor of disease exacerbation in systemic lupus erythematosus. A long-term, prospective study. Arthritis
Rheum. 33, 634-643. https://doi.org/10.1002/art.1780330505 (1990).

Petri, M. et al. Derivation and validation of the systemic lupus international collaborating clinics classification criteria for systemic
lupus erythematosus. Arthritis Rheum. 64, 2677-2686. https://doi.org/10.1002/art.34473 (2012).

Gladman, D. D,, Ibafiez, D. & Urowitz, M. B. Systemic lupus erythematosus disease activity index 2000. J. Rheumatol. 29, 288-291
(2002).

Gordon, C,, Sutcliffe, N., Skan, J., Stoll, T. & Isenberg, D. A. Definition and treatment of lupus flares measured by the BILAG index.
Rheumatol. Oxf. 42, 1372-1379. https://doi.org/10.1093/rheumatology/keg382 (2003).

Gyori, N. et al. Disease activity patterns over time in patients with SLE: analysis of the hopkins lupus cohort. Lupus Sci. Med. 4,
€000192. https://doi.org/10.1136/lupus-2016-000192 (2017).

Almeida-Brasil, C. C. et al. Flares after hydroxychloroquine reduction or discontinuation: Results from the Systemic lupus inter-
national collaborating clinics (SLICC) inception cohort. Ann. Rheum. Dis. 81, 370-378. https://doi.org/10.1136/annrheumdis-
2021-221295 (2022).

Inés, L. et al. Identification of clinical predictors of flare in systemic lupus erythematosus patients: A 24-months prospective cohort
study. Rheumatol. Oxf. 53, 85-89. https://doi.org/10.1093/rheumatology/ket322 (2014).

Ugarte-Gil, M. E et al. Predictive factors of flares in systemic lupus erythematosus patients: data from a multiethnic Latin American
cohort. Lupus 27, 536-544. https://doi.org/10.1177/0961203317728810 (2018).

Petri, M., Singh, S., Tesfasyone, H. & Malik, A. Prevalence of flare and influence of demographic and serologic factors on flare
risk in systemic lupus erythematosus: A prospective study. . Rheumatol. 36, 2476-2480. https://doi.org/10.3899/jrheum.090019
(2009).

Petri, M. A. et al. Baseline predictors of systemic lupus erythematosus flares: Data from the combined placebo groups in the phase
III belimumab trials. Arthritis Rheum. 65, 2143-2153. https://doi.org/10.1002/art.37995 (2013).

Moroni, G., Longhi, S., Giglio, E., Messa, P. & Ponticelli, C. What happens after complete withdrawal of therapy in patients with
lupus nephritis. Clin. Exp. Rheumatol. 31, S75-81 (2013).

Group, C. H. S. A randomized study of the effect of withdrawing hydroxychloroquine sulfate in systemic lupus erythematosus. N.
Engl. J. Med. 324, 150-154. https://doi.org/10.1056/nejm199101173240303 (1991).

Zeng, X. et al. Risk factors for the flare of systemic lupus erythematosus and its influence on prognosis: a single-center retrospective
analysis. Adv. Rheumatol. 61, 43. https://doi.org/10.1186/s42358-021-00202-7 (2021).

Praprotnik, S., Bozic, B., Kveder, T. & Rozman, B. Fluctuation of anti-Ro/SS-A antibody levels in patients with systemic lupus
erythematosus and Sjogren’s syndrome: A prospective study. Clin. Exp. Rheumatol. 17, 63-68 (1999).

Agarwal, S., Harper, J. & Kiely, P. D. Concentration of antibodies to extractable nuclear antigens and disease activity in systemic
lupus erythematosus. Lupus 18, 407-412. https://doi.org/10.1177/0961203308097784 (2009).

Emad, Y. et al. Antibodies to extractable nuclear antigens (ENAS) in systemic lupus erythematosus patients: Correlations with
clinical manifestations and disease activity. Reumatismo 70, 85-91. https://doi.org/10.4081/reumatismo.2018.1027 (2018).

Ahn, S. S. et al. Anti-Smith antibody is associated with disease activity in patients with new-onset systemic lupus erythematosus.
Rheumatol. Int. 39, 1937-1944. https://doi.org/10.1007/s00296-019-04445-y (2019).

Connelly, K. et al. Associations of improvement in laboratory tests with clinical outcomes in patients with active systemic lupus ery-
thematosus: A multinational longitudinal cohort study. Lancet. Rheumatol. 4, e831-e841. https://doi.org/10.1016/52665-9913(22)
00307-1 (2022).

Parodis, L. et al. Early B cell and plasma cell kinetics upon treatment initiation portend flares in systemic lupus erythematosus:
A post-hoc analysis of three phase III Clinical trials of belimumab. Front. Immunol. 13, 796508. https://doi.org/10.3389/fimmu.
2022.796508 (2022).

Lewis, M. J. & Jawad, A. S. The effect of ethnicity and genetic ancestry on the epidemiology, clinical features and outcome of
systemic lupus erythematosus. Rheumatol. Oxf. 56, 167-i77. https://doi.org/10.1093/rheumatology/kew399 (2017).

Author contributions

O.C.K. contributed to the study concept and design, acquisition of data, data analyses, data interpretation, and
manuscript preparation. M.-C.P. contributed to the study concept and design, acquisition of data, data interpreta-
tion, manuscript preparation, and supervision. All authors read and approved the final manuscript.

Funding
This study was supported by the Seyoung Association (SYH) research grant from Department of Internal Medi-
cine, Gangnam Severance Hospital (2019-GNS-001).

Scientific Reports |

(2023) 13:3068 | https://doi.org/10.1038/s41598-023-29772-w nature portfolio


https://doi.org/10.1136/ard.62.6.556
https://doi.org/10.1007/s10067-015-2941-y
https://doi.org/10.1007/s00296-011-1880-4
https://doi.org/10.1038/nrrheum.2017.74
https://doi.org/10.1038/nrrheum.2017.74
https://doi.org/10.1136/ard.2003.013417
https://doi.org/10.1016/j.semarthrit.2008.10.007
https://doi.org/10.1177/0961203310388445
https://doi.org/10.1177/0961203310388445
https://doi.org/10.1093/rap/rkab061
https://doi.org/10.1136/annrheumdis-2013-204620
https://doi.org/10.1177/0961203313515763
https://doi.org/10.1177/0961203313515763
https://doi.org/10.1002/art.20980
https://doi.org/10.1002/art.1780330505
https://doi.org/10.1002/art.34473
https://doi.org/10.1093/rheumatology/keg382
https://doi.org/10.1136/lupus-2016-000192
https://doi.org/10.1136/annrheumdis-2021-221295
https://doi.org/10.1136/annrheumdis-2021-221295
https://doi.org/10.1093/rheumatology/ket322
https://doi.org/10.1177/0961203317728810
https://doi.org/10.3899/jrheum.090019
https://doi.org/10.1002/art.37995
https://doi.org/10.1056/nejm199101173240303
https://doi.org/10.1186/s42358-021-00202-7
https://doi.org/10.1177/0961203308097784
https://doi.org/10.4081/reumatismo.2018.1027
https://doi.org/10.1007/s00296-019-04445-y
https://doi.org/10.1016/S2665-9913(22)00307-1
https://doi.org/10.1016/S2665-9913(22)00307-1
https://doi.org/10.3389/fimmu.2022.796508
https://doi.org/10.3389/fimmu.2022.796508
https://doi.org/10.1093/rheumatology/kew399

www.nature.com/scientificreports/

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-023-29772-w.

Correspondence and requests for materials should be addressed to M.-C.P.
Reprints and permissions information is available at www.nature.com/reprints.

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

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

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

© The Author(s) 2023

Scientific Reports |

(2023) 13:3068 | https://doi.org/10.1038/s41598-023-29772-w nature portfolio


https://doi.org/10.1038/s41598-023-29772-w
https://doi.org/10.1038/s41598-023-29772-w
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Risk of systemic lupus erythematosus flares according to autoantibody positivity at the time of diagnosis
	Methods
	Study population. 
	Definition of flares. 
	Statistical analysis. 

	Results
	Patient characteristics. 
	Occurrence of flares. 
	Risk of flare according to the positivity of each autoantibody at the time of diagnosis of SLE. 
	Risk of flare according to anti-dsDNA Ab and anti-Sm Ab positivity. 

	Discussion
	References


