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Medicine, Seoul, Republic of Korea, 2Department of Statistics and Actuarial Science, Soongsil
University, Seoul, Republic of Korea
Objective: Although the co-existence of systemic sclerosis (SSc) and

psoriasis (PsO) has been reported, the risk relationship between the two

diseases remains unclear. We aimed to assess whether SSc is associated with

the risk of incident PsO.

Methods: From the Korean National Health Insurance Service database,

4,933 patients with SSc and 24,665 age- and sex-matched controls were

selected. Hazard ratios (HRs) and 95% confidence intervals (CIs) for incident

PsO were estimated using multivariable Cox proportional hazard models

adjusted for known risk factors of PsO. Further, we selected individuals

whose health check-up data were available (2,355 patients with SSc and

11,775 age- and sex-matched controls). In this population, we further

adjusted for additional risk factors of PsO using the health check-up data.

Results: In the analysis of 4,933 patients with SSc and 24,665 age- and sex-

matched controls, incidence rates of PsO in patients with SSc and controls

were 10.26 and 3.20 per 1,000 person-years, respectively. After adjusting for

risk factors of PsO, patients with SSc had a significantly higher risk of incident

PsO (adjusted HR: 3.055 [95% CI: 2.597, 3.594]). Moreover, in the analysis of

individuals who had health check-up data, additional risk factors of PsO were

further adjusted; the result also showed that patients with SSc have a

significantly higher risk of incident PsO (adjusted HR: 2.820 [95% CI:

2.207, 3.603]).

Conclusion: Patients with SSc had a 3-fold higher risk of developing incident

PsO than controls, independent of known risk factors of PsO.
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Introduction

Systemic sclerosis (SSc) is a rare autoimmune disease

characterised by vasculopathy and fibrosis of the skin and

internal organs (1, 2). Although the organs affected highly vary

among patients with SSc, the skin is almost always affected (1). The

skin involvement causes substantial morbidities, such as

depigmentation, open ulcers, and pruritus, markedly diminishing

the quality of life (3, 4). Moreover, extensive or rapidly progressing

skin involvement is associated with progressive internal organ

involvement, resulting in increased mortality (5).

Psoriasis (PsO) is an immune-mediated inflammatory disease

that affects the skin (6, 7). Interestingly, anecdotal cases of co-

existing SSc and PsO have been reported, suggesting a possible

association between the two conditions (8). The possible link

between SSc and PsO has been further evaluated in a cohort

study from Israel (9). In that study, 2,431 patients with SSc were

compared with 12,710 age- and sex-matched controls. PsO was

more common in patients with SSc (1.9%) than in controls without

SSc (1.2%). After adjusting for age, sex, body mass index (BMI),

socioeconomic status, and smoking, patients with SSc had a 2-fold

higher risk of having PsO (odds ratio, 2.16) than those without SSc

(9). Although the study suggested SSc as a risk factor of PsO, PsO

preceded SSc in 52.4% of the cases of co-existing SSc and PsO. This

makes it difficult to conclude that SSc is a risk factor of incident

PsO. Therefore, although the possible association between SSc and

PsO is convincing by the large study population included in that

study, it remains unclear whether SSc contributes as a risk factor for

incident PsO. Moreover, other known risk factors of PsO, such as

hypertension, diabetes, and dyslipidaemia (10), were not adjusted,

which makes the risk relationship between the two diseases even

more unclear.

To assess whether SSc contributes as a risk factor of incident

PsO, we conducted a nationwide cohort study and estimated the

risk of incident PsO in patients with SSc, compared with age- and

sex-matched controls without SSc, and adjusted for multiple risk

factors of PsO.
Methods

Data source

Data were extracted from the Korean National Health

Insurance Service (NHIS) claims database. Comprehensive data

such as demographics, socioeconomic status, medical treatments

and procedures, disease diagnoses according to the International

Classification of Diseases-10th Revision (ICD-10) code, and rare

intractable disease (RID) code (11) are included in the NHIS

database. In the Korean RID registration system, a code for a

specific rare disease is given based on a uniform diagnostic

criteria provided by the NHI. Before registration, the fulfilment of

the diagnostic criteria is thoroughly reviewed by the NHI and the

corresponding healthcare institution. The profile of the data source

has been described in detail previously (12). This study was
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approved by the Institutional Review Board (IRB) of Gangnam

Severance Hospital (IRB No: 3-2022-0338). Owing to the

retrospective nature of this study, the requirement for informed

consent was waived and approved by the IRB of Gangnam

Severance Hospital.
Study cohort

From the NHIS database, we selected patients with records of

having SSc between January 2010 and December 2017. SSc was

defined as the RID code V138 (13). A total of 5,986 patients with

SSc were identified. The exclusion criteria were as follows (1): age

<20 years (n = 277) (2); previous history of PsO (n = 479) (3);

incident PsO that occurred within 1 year from baseline (n = 293).

After removing patients who met the exclusion criteria, the

remaining 4,937 patients with SSc were used to select age- and

sex-matched controls from the NHIS database at a ratio of 1:5. As a

result, 4,933 patients with SSc (designated as the whole cohort) and

24,665 age- and sex-matched controls were included in the

analysis (Figure 1).

All individuals were followed up for the occurrence of incident

PsO until December 2019. We additionally analysed a subgroup of

individuals who underwent national health check-ups within 2

years before the baseline (number of patients with SSc = 2,355

[designated as the health examination cohort]; and number of age-

and sex-matched controls = 11,775). The health check-up data

included anthropometric data, and laboratory data, such as serum

levels of fasting glucose, cholesterol, and creatinine. Smoking status,

alcohol consumption, and physical activity, which were based on

standardised self-reporting questionnaires, were also included.

These data were additionally considered in the analysis of this

subgroup of individuals.
Definition of PsO and covariates

PsO was defined as the ICD-10 code L40 (14). In the analysis of

the whole cohort vs. controls, covariates were defined as follows:

hypertension was defined as ICD-10 codes I10−I13 and I15 with

prescriptions for antihypertensive agents; type 2 diabetes as ICD-10

codes E11–14 with prescriptions for anti-diabetic medications;

dyslipidaemia as the ICD-10 code E78 with prescriptions for

lipid-lowering agents; myocardial infarction (MI) as ICD-10

codes I21 or I22 during hospitalisation or these codes being

recorded at least twice; stroke as ICD-10 codes I63 or I64 during

hospitalisation with claims for brain magnetic resonance imaging or

computed tomography; congestive heart failure (CHF) as the ICD-

10 code I50; chronic obstructive pulmonary disease (COPD) as

ICD-10 codes J41–J44; end-stage renal disease (ESRD) as a

combination of ICD-10 codes (N18-19, Z49, Z94.0, and Z99.2)

and an RID code assigned to patients with chronic kidney disease

(CKD) that required haemodialysis (V001), peritoneal dialysis

(V003), or a kidney transplantation (V005); and cancer as ICD-

10 codes C00–C96 (7, 15–17).
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In the separate analysis of the health examination cohort vs.

controls, hypertension was defined as ICD-10 codes I10−I13 and

I15 with prescriptions for antihypertensive agents or systolic or

diastolic blood pressure ≥140 mmHg or ≥90 mmHg, respectively;

type 2 diabetes as ICD-10 codes E11–14 and at least one annual

claim of a prescription of anti-diabetic medications or fasting

plasma glucose ≥126 mg/dL; dyslipidaemia as the ICD-10 code

E78 with prescriptions for lipid-lowering agents or serum total

cholesterol ≥240 mg/dL; and CKD as an estimated glomerular

filtration rate (calculated using the Modification of Diet in Renal

Disease equation) of <60 mL/min/1.73m2 (18). The following

covariates were also considered in this analysis: smoking status

(current vs. non-current smoker); alcohol consumption (alcohol

intake per day >0 g: yes vs. no); physical activity (moderate exercise

≥5 days or vigorous exercise ≥3 days per week: yes vs. no); and

obesity (BMI ≥25 kg/m2: yes vs. no).
Statistical analysis

Continuous variables were expressed as mean ± standard

deviation, and categorical variables were expressed as numbers

(%). Continuous variables were compared using an independent

Student’s t-test, and categorical variables were compared using the
Frontiers in Immunology 03
c2 test. The incidence rate of PsO was expressed as the number of

events per 1,000 person-years. The cumulative incidences of PsO in

patients with SSc and controls were visualised using the Kaplan–

Meier curve analysis and compared using the log-rank test. The

hazard ratios (HRs) and 95% confidence intervals (CIs) were

estimated using Cox proportional hazard models. The Cox

proportional hazard models were first conducted comparing the

whole cohort vs. controls, and subsequently comparing the health

examination cohort vs. controls. In the whole cohort, patients with

SSc were analysed as a whole and separately as prevalent (diagnosed

with SSc before 2010) and incident cases (diagnosed with SSc

between 2010 and 2017). Model 1 was a univariable analysis.

Model 2 was adjusted for age, sex, income, hypertension, type 2

diabetes, and dyslipidaemia. Model 3 was additionally adjusted for

MI, stroke, CHF, COPD, ESRD, and cancer. In the comparison of

the health examination cohort vs. controls, model 1 was a

univariable analysis. Model 2 was adjusted for age, sex, income,

smoking status, alcohol consumption, physical activity, and obesity.

Model 3 was additionally adjusted for hypertension, type 2 diabetes,

dyslipidaemia, and CKD. Model 4 was further adjusted for MI,

stroke, CHF, COPD, and cancer. All p-values were two-sided, and a

p-value <0.05 was considered statistically significant. Statistical

analyses were performed using SAS version 9.4 (SAS Institute,

Cary, NC, USA).
FIGURE 1

Selection of the study cohort and controls from the NHIS database. NHIS, National Health Insurance Service; SSc, systemic sclerosis; PsO, psoriasis.
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Results

Baseline characteristics

The baseline characteristics of the 4,933 patients with SSc and

a comparison with those of the age- and sex-matched controls (n =

24,665) are reported in Table 1. Of the 4,933 patients with SSc,

3,190 (64.7%) patients were newly diagnosed with SSc (incident

cases), and the remaining 1,743 (35.3%) patients were diagnosed

with SSc before 2010 (prevalent cases). The mean age of the

patients with SSc was 54.1 ± 12.5 years, and most (85.9%) were

females. Patients with SSc more commonly had underlying

comorbidities, including hypertension (54.0% vs. 25.2%, p

<0.001), dyslipidaemia (19.0% vs. 16.6%, p <0.001), MI (1.6% vs.

0.5%, p <0.001), CHF (5.1% vs. 1.4%, p <0.001), COPD (21.5% vs.

6.8%, p <0.001), ESRD (0.8% vs. 0.2%, p <0.001), and cancer (3.9%

vs. 2.7%, p <0.001), than controls. In patients with SSc, although

the follow-up duration was shorter (5.4 ± 2.8 years vs. 5.9 ± 2.7

years, p <0.001), the incidence of PsO was significantly higher

(5.5% vs. 1.9%, p <0.001) than in controls.
Frontiers in Immunology 04
Incidence rates and risk of incident PsO in
patients with SSc (whole cohort)
and controls

The incidence rates of PsO in patients with SSc and controls

were 10.26 and 3.20 per 1000 person-years, respectively. The

cumulative incidences of PsO in patients with SSc and controls

are visualised in Figure 2. Patients with SSc had a significantly

higher cumulative incidence of PsO than controls (p <0.001).

In the univariable model, patients with SSc had a significantly

higher risk of incident PsO (unadjusted HR: 3.198 [95% CI: 2.753,

3.715]). In the multivariable models adjusted for age, sex, income, and

comorbidities, the higher risk of incident PsO in patients with SSc

remained statistically significant (model 2, adjusted HR: 3.225 [95% CI:

2.753, 3.778]; model 3, adjusted HR: 3.055 [95% CI: 2.597, 3.594])

(Table 2).When patients with SSc were separately analysed as prevalent

and incident cases, the significantly higher risk of incident PsO was

observed in both the patients with prevalent SSc (model 3, adjustedHR:

3.455 [95% CI: 2.705, 4.414]) and incident SSc (model 3, adjusted HR:

2.748 [95% CI: 2.210, 3.417]) than in controls.
TABLE 1 Baseline characteristics of the patients with systemic sclerosis and controls.

Total population
(N = 29,598)

Patients with SSc
(N = 4,933)

Controls
(N = 24,665)

P-value

Age, years 54.1 ± 12.5 54.1 ± 12.5 54.1 ± 12.5 >0.999

<65 years, n (%) 23,400 (79.1) 3,900 (79.1) 19,500 (79.1)
>0.999

≥65 years, n (%) 6,198 (20.9) 1,033 (20.9) 5,165 (20.9)

Male sex, n (%) 4,188 (14.1) 698 (14.1) 3,490 (14.1)
>0.999

Female sex, n (%) 25,410 (85.9) 4,235 (85.9) 21,175 (85.9)

Low incomea, n (%) 7,374 (24.9) 1,210 (24.5) 6,164 (25.0) 0.493

Hypertension, n (%) 8,869 (30.0) 2,665 (54.0) 6,204 (25.2) <0.001

Type 2 diabetes, n (%) 2,501 (8.4) 384 (7.8) 2,117 (8.6) 0.066

Dyslipidaemia, n (%) 5,024 (17.0) 935 (19.0) 4,089 (16.6) <0.001

MI, n (%) 209 (0.7) 77 (1.6) 132 (0.5) <0.001

Stroke, n (%) 178 (0.6) 34 (0.7) 144 (0.6) 0.382

CHF, n (%) 602 (2.0) 254 (5.1) 348 (1.4) <0.001

COPD, n (%) 2,743 (9.3) 1,063 (21.5) 1,680 (6.8) <0.001

ESRD, n (%) 84 (0.3) 37 (0.8) 47 (0.2) <0.001

Cancer, n (%) 854 (2.9) 194 (3.9) 660 (2.7) <0.001

Incident PsO, n (%) 735 (2.5) 272 (5.5) 463 (1.9) <0.001

Follow-up duration, years 5.8 ± 2.7 5.4 ± 2.8 5.9 ± 2.7 <0.001
fro
Continuous variables are expressed in mean ± SD.
aLowest 25th percentile.
SSc, systemic sclerosis; MI, myocardial infarction; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease; PsO, psoriasis.
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Incidence rates and risk of incident PsO in
patients with SSc (health examination
cohort) and controls

The characteristics of the 2,355 patients with SSc included in the

health examination cohort and a comparison with those of the age-

and sex-matched controls are shown in Table 3. Patients with SSc

had a lower proportion of alcohol drinkers (23.2% vs. 26.6%, p =

0.001), less commonly performed regular physical activity (17.1%

vs. 19.0%, p = 0.027), and less commonly had obesity (25.1% vs.
Frontiers in Immunology 05
32.3%, p <0.001), type 2 diabetes (9.4% vs. 12.0%, p <0.001), and

dyslipidaemia (27.9% vs. 31.1%, p = 0.002), compared with controls.

In contrast, patients with SSc more commonly had hypertension

(58.2% vs. 34.1%, p <0.001), MI (1.3% vs. 0.5%, p <0.001), CHF

(4.8% vs. 1.4%, p <0.001), COPD (20.7% vs. 7.2%, p <0.001), and

cancer (3.8% vs. 2.7%, p = 0.005) than controls. During a shorter

follow-up duration than controls (4.8 ± 2.6 years vs. 5.2 ± 2.6 years,

p <0.001), patients with SSc had a significantly higher incidence of

PsO (4.7% vs. 1.8%, p <0.001).

The incidence rates of PsO in patients with SSc and controls

were 9.74 and 3.44 per 1000 person-years, respectively. In the

univariable model, patients with SSc had a significantly higher

risk of incident PsO (unadjusted HR: 2.821 [95% CI: 2.241,

3.551]). In model 2, which was adjusted for age, sex, income,

smoking, alcohol consumption, physical activity, and obesity,

patients with SSc showed a significantly higher risk of incident

PsO (adjusted HR: 2.872 [95% CI: 2.279, 3.618]). This association

remained statistically significant in the models which additionally

adjusted for comorbidities (model 3, adjusted HR: 2.941 [95% CI:

2.315, 3.737]; model 4, adjusted HR: 2.820 [95% CI: 2.207,

3.603]; Table 4).
Discussion

In this study, we assessed whether SSc contributes as a risk

factor of incident PsO and found that patients with SSc are at a

higher risk of developing incident PsO than age- and sex-matched

controls without SSc. The analyses were adjusted for known risk

factors of PsO, suggesting SSc as an independent risk factor of

incident PsO. To the best of our knowledge, this is the first study to

evaluate SSc as an independent risk factor of incident PsO.
TABLE 2 Comparison of risk of incident psoriasis between patients with systemic sclerosis and controls.

N Incident PsO Duration, pyrs
Incidence rate/

1,000 pyrs
Model 1

HR (95% CI)
Model 2

HR (95% CI)
Model 3

HR (95% CI)

Comparison of all patients with SSc vs. controls

Controls 24,665 463 144,671.7 3.20 1 (Ref.) 1 (Ref.) 1 (Ref.)

Patients
with SSc

4,933 272 26,507.0 10.26
3.198

(2.753, 3.715)
3.225

(2.753, 3.778)
3.055

(2.597, 3.594)

Comparison of patients with prevalent cases of SSca vs. controls

Controls 8,715 198 70,593.0 2.80 1 (Ref.) 1 (Ref.) 1 (Ref.)

Patients
with SSc

1,743 131 12,656.6 10.35
3.670

(2.943, 4.577)
3.694

(2.915, 4.680)
3.455

(2.705, 4.414)

Comparison of patients with incident cases of SScb vs. controls

Controls 15,950 265 74,078.8 3.58 1 (Ref.) 1 (Ref.) 1 (Ref.)

Patients
with SSc

3,190 141 13,850.4 10.18
2.848

(2.322, 3.494)
2.866

(2.315, 3.548)
2.748

(2.210, 3.417)
Model 1: Non-adjusted.
Model 2: Adjusted for age, sex, income, hypertension, type 2 diabetes, and dyslipidaemia.
Model 3: Adjusted for age, sex, income, hypertension, type 2 diabetes, dyslipidaemia, MI, stroke, CHF, COPD, ESRD, and cancer.
aPatients diagnosed with SSc before 2010.
bPatients diagnosed with SSc after 2010.
PsO, psoriasis; pyrs, person-years; HR, hazard ratio; CI, confidence interval; SSc, systemic sclerosis; MI, myocardial infarction; CHF, congestive heart failure; COPD, chronic obstructive
pulmonary disease; ESRD, end-stage renal disease.
FIGURE 2

Cumulative incidences of PsO in patients with SSc and controls. SSc,
systemic sclerosis; PsO, psoriasis.
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The analyses were performed in two parts. First, the whole

cohort of patients with SSc and their matched controls were

analysed. Second, patients with SSc who underwent health check-

ups within two years before the baseline (health examination

cohort) and their matched controls were analysed. In the first

part of the analysis, 4,933 patients with SSc were included, which

is one of the largest studies on patients with SSc. Although this part

of the analysis was strengthened by the large sample size, data on

smoking and alcohol consumption, which are risk factors of PsO

(10), were not available and, therefore, not adjusted. In the second

part of the analysis, using the health check-up data, we were able to
Frontiers in Immunology 06
further adjust for additional risk factors of PsO, including smoking,

alcohol consumption, and obesity (10). Moreover, we used

operational definitions of hypertension, type 2 diabetes, and

dyslipidaemia different from that used in the whole cohort.

Although the sample size (number of patients with SSc = 2,355)

was reduced compared with the whole cohort, the second part of the

analysis had strength because it adjusted for additional known risk

factors of PsO and used different definitions of some covariates,

which tests the robustness of the findings observed in the first part

of the analysis. Both analyses revealed similar results: adjusted HR

was 3.055 (95% CI: 2.597, 3.594) in the first part of the analysis
TABLE 3 Baseline characteristics of the patients with systemic sclerosis and controls who had health check-up data.

Total population
(N = 14,130)

Patients with SSc
(N = 2,355)

Controls
(N = 11,775)

P-value

Age, years 55.8 ± 10.8 55.8 ± 10.8 55.8 ± 10.8 >0.999

<65 years, n (%) 11,022 (78.0) 1,837 (78.0) 9,185 (78.0)
>0.999

≥65 years, n (%) 3,108 (22.0) 518 (22.0) 2,590 (22.0)

Male sex, n (%) 2,004 (14.2) 334 (14.2) 1,670 (14.2)
>0.999

Female sex, n (%) 12,126 (85.8) 2,021 (85.8) 10,105 (85.8)

Low incomea, n (%) 3,397 (24.0) 566 (24.0) 2,831 (24.0) 0.993

Current smoker, n (%) 1,084 (7.7) 170 (7.2) 914 (7.8) 0.366

Alcohol drinker, n (%) 3,681 (26.1) 547 (23.2) 3,134 (26.6) <0.001

Regular physical activity, n (%) 2,642 (18.7) 402 (17.1) 2,240 (19.0) 0.027

Obesity, n (%) 4,397 (31.1) 592 (25.1) 3,805 (32.3) <0.001

Hypertension, n (%) 5,387 (38.1) 1,371 (58.2) 4,016 (34.1) <0.001

Type 2 diabetes, n (%) 1,636 (11.6) 222 (9.4) 1,414 (12.0) <0.001

Dyslipidaemia, n (%) 4,320 (30.6) 656 (27.9) 3,664 (31.1) 0.002

CKD, n (%) 846 (6.0) 157 (6.7) 689 (5.9) 0.128

MI, n (%) 90 (0.6) 31 (1.3) 59 (0.5) <0.001

Stroke, n (%) 78 (0.6) 15 (0.6) 63 (0.5) 0.542

CHF, n (%) 277 (2.0) 112 (4.8) 165 (1.4) <0.001

COPD, n (%) 1,334 (9.4) 487 (20.7) 847 (7.2) <0.001

ESRD, n (%) 16 (0.1) 3 (0.1) 13 (0.1) 0.823

Cancer, n (%) 408 (2.9) 89 (3.8) 319 (2.7) 0.005

BMI, kg/m2 23.7 ± 3.3 23.0 ± 3.2 23.8 ± 3.3 <0.001

Systolic BP, mmHg 121.3 ± 15.4 117.4 ± 15.2 122.0 ± 15.4 <0.001

Diastolic BP, mmHg 75.0 ± 10.0 72.9 ± 9.9 75.4 ± 10.0 <0.001

Fasting glucose, mg/dL 98.2 ± 23.3 95.0 ± 21.0 98.9 ± 23.7 <0.001

Total cholesterol, mg/dL 197.9 ± 38.1 188.2 ± 38.9 199.8 ± 37.7 <0.001

GFR, mL/min/1.73m2 89.2 ± 36.5 90.0 ± 33.9 89.0 ± 37.0 0.224

Incident PsO, n (%) 321 (2.3) 111 (4.7) 210 (1.8) <0.001

Follow-up duration, years 5.1 ± 2.6 4.8 ± 2.6 5.2 ± 2.6 <0.001
fro
Continuous variables are expressed in mean ± SD.
aLowest 25th percentile.
SSc, systemic sclerosis; CKD, chronic kidney disease; MI, myocardial infarction; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease;
BMI, body mass index; BP, blood pressure; GFR, glomerular filtration rate; PsO, psoriasis
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(model 3) and 2.820 (95% CI: 2.207, 3.604) in the second part

(model 4), adding robustness to our findings.

In the first part of the analysis, in addition to analysing patients

with SSc as a whole, we classified the patients with SSc into

prevalent and incident cases and analysed them separately. These

analyses were conducted to evaluate whether there is a period effect

between patients diagnosed with SSc before 2010 (prevalent cases of

SSc) and those diagnosed with SSc after 2010 (incident cases of SSc).

The effect size was larger in patients with prevalent cases of SSc

(model 3, adjusted HR: 3.455 [95% CI: 2.705, 4.414]) than in those

with incident cases of SSc (model 3, adjusted HR: 2.748 [95% CI:

2.210, 3.417]). A possible explanation for the larger effect size in

patients with prevalent cases of SSc could be the difference in

exposure to angiotensin-converting enzyme inhibitor (ACEi),

which is the drug of choice for treating scleroderma renal crisis

(SRC) (19, 20). ACEi is widely accepted as a medication that

provokes PsO (21, 22). A trend of decrease in the frequency of

SRC over time has been reported in a meta-analysis (23). Although

there seems to be a period effect between prevalent and incident

cases of SSc, it is important to note that the higher risk of incident

PsO was consistently observed in both the patients with prevalent

cases of SSc and those with incident cases of SSc.

Nailfold capillary changes are one of the characteristic findings

of SSc (1). Interestingly, a recent study has reported that abnormal

nailfold capillary changes are also seen in patients with PsO, and are

risk factors for progression to psoriatic arthritis (24). It is intriguing

that nailfold capillary changes can be observed in both SSc and PsO.

The similarities between SSc and PsO indicate that the two diseases

are indeed closely related.

T helper 17 (Th17) cells and interleukin (IL)-17 are well-known

to play a central role in the pathogenesis of PsO (25, 26). A large

body of evidence suggests that Th17 response is also involved in the

pathogenesis of SSc (27, 28). Importantly, a study has reported that

B cells differentiate CD4+ T cells into Th17 T cells in SSc (29).

Furthermore, studies have shown that serum levels of IL-17 and the

mRNA expression levels of IL-17 in skin lesions are higher in

patients with SSc than in healthy controls (30, 31). Another study

reported that the levels of circulating Th17 cells are higher in

patients with SSc than in controls and correlate with disease severity

(32). Mechanistically, Th17 cell-derived IL-17 is involved in

fibroblast growth and collagen overproduction (32). Collectively,

Th17 cells play an important role in both SSc and PsO. The shared
Frontiers in Immunology 07
pathogenesis between SSc and PsO could be a possible explanation

for why patients with SSc showed a higher risk of incident PsO

than controls.

From a therapeutic perspective, given that Th17 cells play a

crucial role in both SSc and PsO, targeting IL-23–Th17 pathway

could be useful for both SSc and PsO. Indeed, guselkumab (an IL-23

inhibitor), secukinumab (an IL-17A inhibitor), ixekizumab (an IL-

17A inhibitor), and brodalumab (an IL-17 receptor A inhibitor) are

approved for the treatment of PsO (33). Moreover, treatments

targeting IL-23–Th17 pathway are also gaining attention in SSc

recently (34, 35). A single-arm, open-label, phase 1 trial has

reported that brodalumab is efficacious in decreasing modified

Rodnan skin score in patients with SSc (34). With regard to

treatment targeting IL-23, a case series of three patients with SSc

who also had PsO has shown a promising result (35). Guselkumab

was not only effective in improving PsO, but also effective in

improving immune abnormalities, fibrosis, and vasculopathy,

which are the three components of SSc (35). These findings

reflect the importance of IL-23–Th17 pathway as a potential

therapeutic target in both diseases.

Another possible explanation for the higher risk of incident PsO

in patients with SSc is that skin damage, such as digital tip ulcers

caused by SSc (1), may have led to the exposure of autoantigens to the

immune system and triggered an aberrant immune reaction. Indeed,

aberrant activation of tissue-resident memory T cells in response to

autoantigens is implicated in the pathogenesis of PsO (36).

It is possible that patients with SSc are more likely to be seeing a

dermatologist than controls, which could lead to a higher detection

of PsO in patients with SSc. In other words, the possibility of under-

detection of PsO in controls due to not seeing a dermatologist

should be considered. A population-based study assessing

diagnostic delay of PsO has reported that the time from symptom

onset to being seen by a dermatologist is approximately 3 years

(male, 3.9 years; and female, 2.7 years) (37). Given that the mean

follow-up duration was 5.9 ± 2.7 years in the control group of our

study, it is unlikely that PsO would have been under-detected in the

controls due to not seeing a dermatologist.

There are some limitations to our study. First, this was a

retrospective observational study. Although we adjusted for

multiple confounders, residual confounding cannot be fully

excluded. Second, data regarding autoantibody profile, organs

involved, and disease severity of SSc are not available in the NHIS
TABLE 4 Comparison of risk of incident psoriasis between patients with systemic sclerosis and controls who had health check-up data.

N
Incident
PsO

Duration,
pyrs

Incidence
rate/

1,000 pyrs

Model 1
HR

(95% CI)

Model 2
HR

(95% CI)

Model 3
HR

(95% CI)

Model 4
HR

(95% CI)

Controls 11,775 210 60,965.5 3.44 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.)

Patients
with SSc

2,355 111 11,391.9 9.74
2.821

(2.241, 3.551)
2.872

(2.279, 3.618)
2.941

(2.315, 3.737)
2.820

(2.207, 3.603)
Model 1: Non-adjusted
Model 2: Adjusted for age, sex, income, smoking status, alcohol consumption, physical activity, and obesity
Model 3: Adjusted for age, sex, income, smoking status, alcohol consumption, physical activity, obesity, hypertension, type 2 diabetes, dyslipidaemia, and CKD
Model 4: Adjusted for age, sex, income, smoking status, alcohol consumption, physical activity, obesity, hypertension, type 2 diabetes, dyslipidaemia, CKD, MI, stroke, CHF, COPD, and cancer
PsO, psoriasis; pyrs, person-years; HR, hazard ratio; CI, confidence interval; SSc, systemic sclerosis; CKD, chronic kidney disease; MI, myocardial infarction; CHF, congestive heart failure; COPD,
chronic obstructive pulmonary disease.
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database, and consequently, we could not assess whether there is a

specific subset of patients with SSc who are particularly at a higher

risk of incident PsO. Third, as only Koreans were included in our

study, the results might not be generalised to population of other

ethnicities. However, using the NHIS database, which covers the

entire Korean population, we were able to analyse a large number of

patients with SSc, which is a rare disease. This allowed us to assess

the risk of incident PsO in this rare disease, that could not be

evaluated in clinical trials, which usually include a relatively small

number of patients.

In conclusion, this large population-based cohort study showed

that patients with SSc have a 3-fold higher risk of developing

incident PsO than controls. This association was significant after

adjusting for known risk factors of PsO, suggesting that SSc could

be a possible independent risk factor of incident PsO.
Data availability statement

The original contributions presented in the study are included

in the article/supplementary material. Further inquiries can be

directed to the corresponding authors.
Ethics statement

This study was approved by the Institutional Review Board

(IRB) of Gangnam Severance Hospital (IRB No: 3-2022-0338).

Owing to the retrospective nature of this study, the requirement

for informed consent was waived and approved by the IRB of

Gangnam Severance Hospital.
Author contributions

OCK: Conceptualization, Data curation, Funding acquisition,

Investigation, Methodology, Project administration, Resources,

Software, Validation, Visualization, Writing – original draft. KH:
Frontiers in Immunology 08
Conceptualization, Data curation, Formal Analysis, Investigation,

Methodology, Project administration, Resources, Software,

Supervision, Validation, Visualization, Writing – review &

editing. M-CP: Conceptualization, Data curation, Investigation,

Methodology, Project administration, Resources, Software,

Supervision, Validation, Visualization, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This work

was supported by the research fund of Rheumatology Research

Foundation (RRF-2022-02) and a new faculty research seed money

grant of Yonsei University College of Medicine for 2023 (2023–

32–0043).
Acknowledgments

We would l ike to thank J in-Hyung Jung for the

statistical support.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. Denton CP, Khanna D. Systemic sclerosis. Lancet (2017) 390(10103):1685–99.
doi: 10.1016/s0140-6736(17)30933-9

2. Lee SG, Moon KW. Epidemiology and treatment of systemic sclerosis in Korea. J
Rheum Dis (2022) 29(4):200–14. doi: 10.4078/jrd.22.0029

3. Racine M, Hudson M, Baron M, Nielson WR. The impact of pain and itch on
functioning and health-related quality of life in systemic sclerosis: an exploratory study.
J Pain Symptom Manage (2016) 52(1):43–53. doi: 10.1016/j.jpainsymman.2015.12.314

4. Razykov I, Levis B, Hudson M, Baron M, Thombs BD. Prevalence and clinical
correlates of pruritus in patients with systemic sclerosis: an updated analysis of 959 patients.
Rheumatol (Oxford) (2013) 52(11):2056–61. doi: 10.1093/rheumatology/ket275

5. Shand L, Lunt M, Nihtyanova S, Hoseini M, Silman A, Black CM, et al.
Relationship between change in skin score and disease outcome in diffuse cutaneous
systemic sclerosis: application of a latent linear trajectory model. Arthritis Rheum
(2007) 56(7):2422–31. doi: 10.1002/art.22721

6. Griffiths CEM, Armstrong AW, Gudjonsson JE, Barker J. Psoriasis. Lancet (2021)
397(10281):1301–15. doi: 10.1016/s0140-6736(20)32549-6
7. Kwon OC, Han K, Chun J, Kim R, Hong SW, Kim JH, et al. Effects of immune-
mediated inflammatory diseases on cardiovascular diseases in patients with type 2
diabetes: a nationwide population-based study. Sci Rep (2022) 12(1):11548.
doi: 10.1038/s41598-022-15436-8

8. Harrison B, Herrick A, Griffiths C. Psoriasis and diffuse systemic sclerosis: a
report of three patients. Rheumatol (Oxford) (2000) 39(2):213–5. doi: 10.1093/
rheumatology/39.2.213

9. Watad A, Bragazzi NL, McGonagle D, Damiani G, Comaneshter D, Cohen A,
et al. Systemic sclerosis is linked to psoriasis and may impact on patients' survival: A
large cohort study. J Clin Med (2019) 8(4):521. doi: 10.3390/jcm8040521

10. Kamiya K, Kishimoto M, Sugai J, Komine M, Ohtsuki M. Risk factors for the
development of psoriasis. Int J Mol Sci (2019) 20(18):4347. doi: 10.3390/ijms20184347

11. Kim JA, Yoon S, Kim LY, Kim DS. Towards actualizing the value potential of
Korea health insurance review and assessment (HIRA) data as a resource for health
research: strengths, limitations, applications, and strategies for optimal use of HIRA
data. J Korean Med Sci (2017) 32(5):718–28. doi: 10.3346/jkms.2017.32.5.718
frontiersin.org

https://doi.org/10.1016/s0140-6736(17)30933-9
https://doi.org/10.4078/jrd.22.0029
https://doi.org/10.1016/j.jpainsymman.2015.12.314
https://doi.org/10.1093/rheumatology/ket275
https://doi.org/10.1002/art.22721
https://doi.org/10.1016/s0140-6736(20)32549-6
https://doi.org/10.1038/s41598-022-15436-8
https://doi.org/10.1093/rheumatology/39.2.213
https://doi.org/10.1093/rheumatology/39.2.213
https://doi.org/10.3390/jcm8040521
https://doi.org/10.3390/ijms20184347
https://doi.org/10.3346/jkms.2017.32.5.718
https://doi.org/10.3389/fimmu.2023.1326298
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Kwon et al. 10.3389/fimmu.2023.1326298
12. LimWH, Choi EK, Han KD, Rhee TM, Lee HJ, Lee SR, et al. Proteinuria detected
by urine dipstick test as a risk factor for atrial fibrillation: A nationwide population-
based study. Sci Rep (2017) 7(1):6324. doi: 10.1038/s41598-017-06579-0

13. Kang GW, Jung KH, Lee YS, Kim HJ, Yoon DY, Lee SH, et al. Incidence,
prevalence, mortality and causes of death in systemic sclerosis in Korea: a nationwide
population-based study. Br J Dermatol (2018) 178(1):e37–e9. doi: 10.1111/bjd.15838

14. Han JH, Lee JH, Han KD, Seo HM, Bang CH, Park YM, et al. Epidemiology and
medication trends in patients with psoriasis: A nationwide population-based cohort
study from Korea. Acta Derm Venereol (2018) 98(4):396–400. doi: 10.2340/00015555-
2877

15. Kim MK, Han K, Koh ES, Kim HS, Kwon HS, Park YM, et al. Variability in total
cholesterol is associated with the risk of end-stage renal disease: A nationwide
population-based study. Arterioscler Thromb Vasc Biol (2017) 37(10):1963–70.
doi: 10.1161/atvbaha.117.309803

16. Lee SR, Choi EK, Rhee TM, Lee HJ, Lim WH, Kang SH, et al. Evaluation of the
association between diabetic retinopathy and the incidence of atrial fibrillation: A
nationwide population-based study. Int J Cardiol (2016) 223:953–7. doi: 10.1016/
j.ijcard.2016.08.296

17. Soh H, Chun J, Han K, Park S, Choi G, Kim J, et al. Increased risk of herpes
zoster in young and metabolically healthy patients with inflammatory bowel disease: A
nationwide population-based study. Gut Liver (2019) 13(3):333–41. doi: 10.5009/
gnl18304

18. Hong S, Park JH, Han K, Lee CB, Kim DS, Yu SH. Association between obesity
and cardiovascular disease in elderly patients with diabetes: A retrospective cohort
study. J Clin Endocrinol Metab (2022) 107(2):e515–e27. doi: 10.1210/clinem/dgab714

19. Kowal-Bielecka O, Fransen J, Avouac J, Becker M, Kulak A, Allanore Y, et al.
Update of EULAR recommendations for the treatment of systemic sclerosis. Ann
Rheum Dis (2017) 76(8):1327–39. doi: 10.1136/annrheumdis-2016-209909

20. Fernández-Codina A, Walker KM, Pope JE. Treatment algorithms for systemic
sclerosis according to experts. Arthritis Rheumatol (2018) 70(11):1820–8. doi: 10.1002/
art.40560

21. Chang YC, WuWM, Chen CH, Lee SH, Hong HS, Hsu LA. Association between
the insertion/deletion polymorphism of the angiotensin I-converting enzyme gene and
risk for psoriasis in a Chinese population in Taiwan. Br J Dermatol (2007) 156(4):642–
5. doi: 10.1111/j.1365-2133.2006.07716.x

22. Kim GK, Del Rosso JQ. Drug-provoked psoriasis: is it drug induced or drug
aggravated?: understanding pathophysiology and clinical relevance. J Clin Aesthet
Dermatol (2010) 3(1):32–8.

23. Turk M, Pope JE. The frequency of scleroderma renal crisis over time: A
metaanalysis. J Rheumatol (2016) 43(7):1350–5. doi: 10.3899/jrheum.151353

24. Fukasawa T, Toyama S, Enomoto A, Yoshizaki-Ogawa A, Norimatsu Y, Tateishi
S, et al. Utility of nailfold capillary assessment for predicting psoriatic arthritis based on
Frontiers in Immunology 09
a prospective observational cohort study. Rheumatol (Oxford) (2023) 62(7):2418–25.
doi: 10.1093/rheumatology/keac664

25. McGeachy MJ, Cua DJ, Gaffen SL. The IL-17 family of cytokines in health and
disease. Immunity (2019) 50(4):892–906. doi: 10.1016/j.immuni.2019.03.021

26. Blauvelt A, Chiricozzi A. The immunologic role of IL-17 in psoriasis and
psoriatic arthritis pathogenesis. Clin Rev Allergy Immunol (2018) 55(3):379–90.
doi: 10.1007/s12016-018-8702-3

27. Liu T, Li S, Ying S, Tang S, Ding Y, Li Y, et al. The IL-23/IL-17 pathway in
inflammatory skin diseases: from bench to bedside. Front Immunol (2020) 11:594735.
doi: 10.3389/fimmu.2020.594735

28. Wei L, Abraham D, Ong V. The yin and yang of IL-17 in systemic sclerosis.
Front Immunol (2022) 13:885609. doi: 10.3389/fimmu.2022.885609

29. Fukasawa T, Yoshizaki A, Ebata S, Yoshizaki-Ogawa A, Asano Y, Enomoto A,
et al. Single-cell-level protein analysis revealing the roles of autoantigen-reactive B
lymphocytes in autoimmune disease and the murine model. Elife (2021) 10:e67209.
doi: 10.7554/eLife.67209

30. Murata M, Fujimoto M, Matsushita T, Hamaguchi Y, Hasegawa M, Takehara K,
et al. Clinical association of serum interleukin-17 levels in systemic sclerosis: is systemic
sclerosis a Th17 disease? J Dermatol Sci (2008) 50(3):240–2. doi: 10.1016/
j.jdermsci.2008.01.001

31. Zhou Y, Hou W, Xu K, Han D, Jiang C, Mou K, et al. The elevated expression of
Th17-related cytokines and receptors is associated with skin lesion severity in early
systemic scleros is . Hum Immunol (2015) 76(1) :22–9. doi : 10 .1016/
j.humimm.2014.12.008

32. Yang X, Yang J, Xing X, Wan L, Li M. Increased frequency of Th17 cells in
systemic sclerosis is related to disease activity and collagen overproduction. Arthritis
Res Ther (2014) 16(1):R4. doi: 10.1186/ar4430

33. Menter A, Strober BE, Kaplan DH, Kivelevitch D, Prater EF, Stoff B, et al. Joint
AAD-NPF guidelines of care for the management and treatment of psoriasis with
biologics. J Am Acad Dermatol (2019) 80(4):1029–72. doi: 10.1016/j.jaad.2018.11.057

34. Fukasawa T, Yoshizaki A, Ebata S, Fukayama M, Kuzumi A, Norimatsu Y, et al.
Interleukin-17 pathway inhibition with brodalumab in early systemic sclerosis:
Analysis of a single-arm, open-label, phase 1 trial. J Am Acad Dermatol (2023) 89
(2):366–9. doi: 10.1016/j.jaad.2023.02.061

35. Fukasawa T, Yoshizaki-Ogawa A, Yoshizaki A, Sato S. Impact of guselkumab on
three cases of SSc accompanying psoriasis. Rheumatol (Oxford) (2023). doi: 10.1093/
rheumatology/kead287

36. Clark RA. Resident memory T cells in human health and disease. Sci Transl Med
(2015) 7(269):269rv1. doi: 10.1126/scitranslmed.3010641

37. Nielsen ML, Nymand LK, Thomsen SF, Thyssen JP, Egeberg A. Delay in
diagnosis and treatment of patients with psoriasis: a population-based cross-sectional
study. Br J Dermatol (2022) 187(4):590–1. doi: 10.1111/bjd.21594
frontiersin.org

https://doi.org/10.1038/s41598-017-06579-0
https://doi.org/10.1111/bjd.15838
https://doi.org/10.2340/00015555-2877
https://doi.org/10.2340/00015555-2877
https://doi.org/10.1161/atvbaha.117.309803
https://doi.org/10.1016/j.ijcard.2016.08.296
https://doi.org/10.1016/j.ijcard.2016.08.296
https://doi.org/10.5009/gnl18304
https://doi.org/10.5009/gnl18304
https://doi.org/10.1210/clinem/dgab714
https://doi.org/10.1136/annrheumdis-2016-209909
https://doi.org/10.1002/art.40560
https://doi.org/10.1002/art.40560
https://doi.org/10.1111/j.1365-2133.2006.07716.x
https://doi.org/10.3899/jrheum.151353
https://doi.org/10.1093/rheumatology/keac664
https://doi.org/10.1016/j.immuni.2019.03.021
https://doi.org/10.1007/s12016-018-8702-3
https://doi.org/10.3389/fimmu.2020.594735
https://doi.org/10.3389/fimmu.2022.885609
https://doi.org/10.7554/eLife.67209
https://doi.org/10.1016/j.jdermsci.2008.01.001
https://doi.org/10.1016/j.jdermsci.2008.01.001
https://doi.org/10.1016/j.humimm.2014.12.008
https://doi.org/10.1016/j.humimm.2014.12.008
https://doi.org/10.1186/ar4430
https://doi.org/10.1016/j.jaad.2018.11.057
https://doi.org/10.1016/j.jaad.2023.02.061
https://doi.org/10.1093/rheumatology/kead287
https://doi.org/10.1093/rheumatology/kead287
https://doi.org/10.1126/scitranslmed.3010641
https://doi.org/10.1111/bjd.21594
https://doi.org/10.3389/fimmu.2023.1326298
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Systemic sclerosis is a risk factor of incident psoriasis: results from a nationwide cohort study
	Introduction
	Methods
	Data source
	Study cohort
	Definition of PsO and covariates
	Statistical analysis

	Results
	Baseline characteristics
	Incidence rates and risk of incident PsO in patients with SSc (whole cohort) and controls
	Incidence rates and risk of incident PsO in patients with SSc (health examination cohort) and controls

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


