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Sex differences in the risk of
incident systemic sclerosis: a
nationwide population-based study
with subgroup analyses
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Although higher prevalence of systemic sclerosis (SSc) in women than in men is well-known, it is
unclear to what degree women are at higher risk of developing incident SSc. This study aims to

assess the risk of incident SSc comparing women vs. men, and to identify subsets of individuals in
whom the risk difference according to sex is more prominent. An analysis of a Korean nationwide
cohort of 9,894,996 individuals was conducted. All individuals were followed up from 2009 to 2019.
Cox proportional hazard models were used to assess the risk of incident SSc comparing women vs.
men. Subgroup analysis was conducted by stratifying individuals according to multiple covariates.

The absolute risk of SSc in men (i.e., background risk) was 0.004% (95% CI 0.003-0.004), and the
absolute risk of SSc in women was 0.025% (95% Cl 0.023-0.027). The absolute risk difference between
women and men was 0.021% (95% CI 0.019-0.024). Women had a significantly higher risk of incident
SSc than men (adjusted hazard ratio [aHR], 5.275; 95% confidence interval, 4.346-6.403). The effect
size was more pronounced in middle-aged individuals (aHR 5.020 [< 40 years] vs. 5.868 [40-64 years]
vs. 2.734 [2 65 years]; p-interaction <0.001); those without abdominal obesity (aHR 5.863 vs. 3.658;
p-interaction =0.005); those who did not exercise regularly (aHR 5.701 vs. 3.932; p-interaction=0.030);
and those without hypertension (aHR 5.996 vs. 4.053; p-interaction =0.010) or dyslipidemia (aHR 5.857
vs. 3.330; p-interaction=0.001). Women had a 5-fold higher risk of incident SSc than men. The higher
risk was more prominent in middle-aged individuals, those without abdominal obesity, those who do
not exercise regularly, and do not have hypertension or dyslipidemia.
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SSc Systemic sclerosis

NHIS National Health Insurance Service

ICD-10 International Classification of Diseases-Tenth Revision
RID Rare intractable disease

BMI Body mass index
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HDL-C  High-density lipoprotein cholesterol
LDL-C Low-density lipoprotein cholesterol

GFR Glomerular filtration rate
IRB Institutional Review Board
CKD Chronic kidney disease
HR Hazard ratio

CI Confidence interval

aHR Adjusted hazard ratio

RA Rheumatoid arthritis
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Systemic sclerosis (SSc) is an autoimmune disease characterized by microvascular damage, dysregulated innate
and adaptive immunity, and multi-organ fibrosis'. Consistent with other autoimmune diseases, SSc has a marked
women predominance’. A number of epidemiological studies reported a women predominance in SSc, with a
women to men prevalence ratio ranging from 4:1 to 10:13-%. Based on these data, female sex is suggested as a risk
factor for development of SSc*!°. Although higher prevalence of SSc in women than in men is well-known, it is
still unclear to what degree the risk of developing incident SSc is higher in women than in men.

In addition, although women predominance in SSc has been consistently observed throughout studies, the
women to men prevalence ratio (4:1~10:1) varies widely>~®. This suggests that there could be a subset of the
population in which the influence of sex on the development of SSc is more prominent. However, there are
currently no data assessing whether the effect of sex on development of SSc differs in a particular subset of
individuals.

On this basis, using a Korean nationwide cohort, we aimed to evaluate (i) to what degree the risk of developing
incident SSc is higher in women than in men, and (ii) whether the effect of sex on development of SSc differs
among subsets of individuals.

Methods

Study cohort

The study cohort was obtained from the Korean National Health Insurance Service (NHIS) claims database.
The NHIS provides medical coverage to approximately 97% of the Korean population and, therefore, is a
representative Korean nationwide database. The database includes data on demographics, diagnoses encoded
by the International Classification of Diseases-Tenth Revision (ICD-10) and rare intractable disease (RID)
registration information!!2, prescription, and data from health examinations. Individuals aged>40 years or
employees of any age in the NHIS database undergo a standardized national health examination every 2 years. The
health examination data include anthropometric data such as body mass index (BMI) and waist circumference
(WC), blood pressure (BP), lifestyle factors (smoking status, alcohol consumption, and physical activity) based
on standardized self-reporting questionnaires, and laboratory data (fasting glucose, total cholesterol, high-
density lipoprotein cholesterol [HDL-C], low-density lipoprotein cholesterol [LDL-C], triglyceride, estimated
glomerular filtration rate [GFR], etc.).

Individuals who underwent a national health examination in 2009 (referred to as baseline) were initially
selected from the NHIS database (N=10,601,274). Subsequently, individuals aged < 20 years (n=15,431), those
who were diagnosed with SSc before baseline (n=890), those with missing data (n=663,828), and those who
developed SSc or died within 1 year from baseline (one-year lag period) (n=26,129) were excluded (Fig. 1).
The remaining 9,894,996 individuals were followed up from baseline to December 2019 for the occurrence of
incident SSc.

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. Data are reported according to the STROBE checklist
(Supplementary material).

Definitions of covariates and outcomes

Comorbidities such as type 2 diabetes, hypertension, dyslipidemia, and chronic kidney disease (CKD) were
defined as previously described"?: type 2 diabetes was defined as (i) ICD-10 codes E11-14 with prescriptions
for anti-diabetic agents or (ii) fasting blood glucose level >126 mg/dL; hypertension as (i) ICD-10 codes I10-
I13 and I15 with prescriptions for anti-hypertensive agents or (ii) systolic BP =140 mmHg or diastolic BP>90
mmHg; dyslipidemia as (i) ICD-10 code E78 with prescriptions for lipid-lowering agents or (ii) total cholesterol
level > 240 mg/dL; and CKD as estimated GFR of <60 mL/min/1.73 m? by the Modification of Diet in Renal
Disease equation. The outcome variable was incident SSc during the follow-up period. SSc was defined as RID
code V138, as previously described?®.

Statistical analysis

Continuous and categorical variables are expressed as mean + standard deviation and numbers (%), respectively.
For comparison of continuous and categorical variables between groups, independent Student’s ¢ test and Chi-
square test were used, respectively. The incidence rate of SSc was calculated (number of events per 100,000
person-years). Cox proportional hazard models were used to assess the risk of incident SS¢c comparing women
vs. men. Model 1 was a univariable model (no covariates adjusted). Model 2 was adjusted for age (a known risk
factor of SSc!%). Model 3 was adjusted for age, BMI, income, smoking status, alcohol consumption, and physical
activity (socioeconomic and behavioral factors). Model 4 was further adjusted for type 2 diabetes, hypertension,
dyslipidemia, and CKD (comorbidities). To investigate whether there is particular subset of individuals in which
the influence of sex is more prominent, we stratified the individuals according to age (<40 vs. 40-64 vs. >
65 years), income (Q2-Q4 vs. Q1 [lowest 25%]), obesity (BMI <25 kg/m? vs. > 25 kg/m?), abdominal obesity
(WC<90 cm vs. 2 90 cm for men; and WC <85 cm vs. 2 85 cm for women), current smoking (no vs. yes), alcohol
consumption (<30 g/day vs. > 30 g/day), physical activity (vigorous exercise >3 days a week for at least 20 min/
day: no vs. yes), and presence of type 2 diabetes (no vs. yes), hypertension (no vs. yes), dyslipidemia (no vs.
yes), and CKD (no vs. yes). A Cox proportional hazard model, adjusted for age, BMI, income, smoking status,
alcohol consumption, physical activity, type 2 diabetes, hypertension, dyslipidemia, and CKD, was performed
for subgroup analysis. 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).
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NHIS database

10,601,274 individuals who underwent
national health examination in 2009

The following individuals were excluded
15,431 individuals aged < 20 years
890 individuals diagnosed with SSc before 2009
663,828 individuals with missing data
26,129 individuals who developed SSc or died within 1-year
from baseline

9,894,996 individuals included for analysis
5,398,881 males
4,496,115 females

Fig. 1. Study population. NHIS, National Health Insurance Service; SSc, systemic sclerosis.

Results

Baseline characteristics

Of the 9,894,996 individuals, 5,398,881 and 4,496,115 were men and women, respectively. The comparisons
of baseline characteristics between the men and women are summarized in Table 1. Compared with men,
women were older; more commonly had low income (lowest 25%); more commonly were non-smokers and
non-alcoholics; less commonly performed regular physical activity; less commonly had type 2 diabetes and
hypertension; more commonly had dyslipidemia and CKD; had a lower BMI, WC, systolic and diastolic BP, and
fasting glucose levels; had higher total cholesterol, HDL-C, and LDL-C levels; and had lower estimated GFR and
triglyceride levels (all p <.001).

Risk of incident SSc comparing women and men

During follow-up (mean: 9.2 £ 1.1 years), incident SSc occurred in 1,355 individuals. The incidence rates of SSc
for the total study population, men, and women were 1.49, 0.48, and 2.69 per 100,000 person-years, respectively.
The absolute risk of SSc in men (i.e., background risk) was 0.004% (95% CI 0.003-0.004), and the absolute risk
of SSc in women was 0.025% (95% CI 0.023-0.027). The absolute risk difference between women and men was
0.021% (95% CI 0.019-0.024). The results of Cox proportional hazard models estimating the risk of incident SSc
in women compared with men are shown in Table 2. In model 1 (univariable model), women had a significantly
higher risk of developing SSc (unadjusted hazard ratio [HR] 5.584; 95% confidence interval [CI] 4.854-6.424)
than men. This association was consistently observed throughout the multivariable models (model 2: adjusted
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Men ‘Women

(N=5,398,881) (N=4,496,115)
Age, years 45.96+13.55 48.83+14.47
Age groups, years, n (%)
<40 1,966,938 (36.43) 1,092,043 (24.29)
40-64 2,827,713 (52.38) 2,703,672 (60.13)
>65 604,230 (11.19) 700,400 (15.58)
Income, lowest Q1, n (%) 641,724 (11.89) 888,967 (19.77)
Smoking, n (%)
Non 1,641,846 (30.41) 4,258,713 (94.72)
Ex 1,336,973 (24.76) 82,212 (1.83)
Current 2,420,062 (44.83) 155,190 (3.45)
Drinking, n (%)
Non 1,754,381 (32.50) 3,365,814 (74.86)
Mild 2,908,789 (53.88) 1,080,726 (24.04)
Heavy 735,711 (13.63) 49,575 (1.10)
Regular exercise, n (%) 1,075,489 (19.92) 701,966 (15.61)
Type 2 diabetes, n (%) 535,670 (9.92) 335,104 (7.45)
Hypertension, n (%) 1,506,730 (27.91) 1,184,564 (26.35)
Dyslipidemia, n (%) 900,139 (16.67) 903,474 (20.09)
CKD, n (%) 331,649 (6.14) 356,370 (7.93)
Height, cm 169.95+6.44 156.46£6.21
Weight, kg 69.79+£10.53 56.74+8.42
BMI, kg/m? 24.12+3.06 2324334
BMI Level, kg/m?, n (%)
<18.5 121,967 (2.26) 245,293 (5.46)
<23 1,819,059 (33.69) 2,044,165 (45.47)
<25 1,454,236 (26.94) 981,911 (21.84)
<30 1,808,144 (33.49) 1,069,158 (23.78)
>30 195,475 (3.62) 155,588 (3.46)
Waist Circumference, cm 83.56£7.83 76.26+8.92
Systolic BB, mmHg 124.68 £ 14.14 119.83+£15.71
Diastolic BP, mmHg 78.03+9.72 7427 +10.10
Fasting glucose, mg/dL 99.15+25.76 95.14+21.16
Total Cholesterol, mg/dL 194.24+36.14 195.94+37.59
HDL-C, mg/dL 53.12+25.3 59.65+30.53
LDL-C, mg/dL 111.97+38.8 115.45+38.27
Triglyceride?®, mg/dL 128.61 (128.55-128.67) | 95.94 (95.89-95.99)
Estimated GFR, mL/min/1.73 m? | 87.9+51.45 87.16+36.49

Table 1. Comparison of baseline characteristics according to sex. *Geometric mean (95% confidence interval).
BMI, body mass index; BP, blood pressure; CKD, chronic kidney disease; GFR, glomerular filtration rate;
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

HR (95% CI)
Sex N Event | Duration (pyrs) | IR (/100,000 pyrs) | IR difference (/100,000 pyrs) | Model 1 Model 2 Model 3 Model 4
Men | 5398881 | 237 | 4920477839 | 0.48 0 (Ref)) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
2211 5.584 5227 5227 5275
Women | 4,496,115 | 118 | 41,505,673.98 | 2.69 (2213-2.211) (4.854-6.424) | (4.541-6.018) | (4.307-6.343) | (4.346-6.403)

Table 2. Association between female sex and risk of incident systemic sclerosis. Model 1: Univariable model.
Model 2: Adjusted for age. Model 3: Adjusted for age, BMI, income, smoking status, alcohol consumption,
and physical activity. Model 4: Adjusted for age, BMI, income, smoking status, alcohol consumption, physical
activity, type 2 diabetes, hypertension, dyslipidemia, and CKD. BMI, body mass index; CI, confidence interval;
CKD, chronic kidney disease; HR, hazard ratio; IR, incidence ratio; pyrs, person-years.
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Sex N Event | Duration (pyrs) | IR (/100,000 pyrs) | HR* (95% CI) p-interaction
2 Men 1,966,938 | 34 18,274,987.89 0.19 1 (Ref.) <0.001
<
Women | 1,092,043 | 95 10,152,552.86 0.94 5.020 (3.307-7.620)
Men 2,827,713 | 161 25,976,999.50 0.62 1 (Ref.)
Age groups, years | 40-64
Women | 2,703,672 | 888 25,185,972.53 3.53 5.868 (4.705-7.318)
65 Men 604,230 42 4,952,791.01 0.85 1 (Ref.)
>
Women | 700,400 135 6,167,148.59 2.19 2.734 (1.894-3.947)
Q4 Men 4,757,157 | 197 43,432,203.82 0.45 1 (Ref.) 0.103
I Women | 3,607,148 | 894 33,309,934.95 2.68 5.550 (4.522-6.810)
ncome
al Men 641,724 40 5,772,574.57 0.69 1 (Ref.)
Women | 888,967 224 8,195,739.03 273 4.077 (2.844-5.846)
N Men 3,395,262 | 152 30,838,177.06 0.49 1 (Ref.) 0.364
o
Ob Women | 3,271,369 | 824 30,204,718.03 2.73 5.525 (4.443-6.872)
esit
Y Y Men 2,003,619 | 85 18,366,601.34 0.46 1 (Ref.)
es
Women | 1,224,746 | 294 11,300,955.95 2.60 4.811 (3.642-6.355)
N Men 4,243,012 | 174 38,710,109.95 0.45 1 (Ref.) 0.005
o
Women | 3,701,024 | 931 34,229,121.47 2.72 5.863 (4.754-7.232)
Abdominal obesity
v Men 1,155,869 | 63 10,494,668.45 0.60 1 (Ref.)
es
Women | 795,091 187 7,276,552.51 2.57 3.658 (2.663-5.025)
N Men 2,978,819 | 137 27,122,260.73 0.51 1 (Ref) 0.146
o
Women | 4,340,925 | 1,090 | 40,086,655.58 2.72 5.708 (4.559-7.146)
Current Smoking
% Men 2,420,062 | 100 22,082,517.66 0.45 1 (Ref.)
es
Women | 155,190 28 1,419,018.40 1.97 4.017 (2.634-6.127)
N Men 4,663,170 | 198 42,499,329.45 0.47 1 (Ref) 0.396
o
Women | 4,446,540 | 1,109 | 41,045,968.72 2.70 5.369 (4.401-6.551)
Heavy drinking
v Men 735,711 39 6,705,448.95 0.58 1 (Ref)
es
Women | 49,575 9 459,705.26 1.96 3.892 (1.873-8.089)
N Men 4,323,392 | 176 39,384,790.08 0.45 1 (Ref.) 0.030
o
Women | 3,794,149 | 955 34,987,622.03 2.73 5.701 (4.627-7.024)
Regular exercise
Y Men 1,075,489 | 61 9,819,988.32 0.62 1 (Ref.)
es
Women | 701,966 163 6,518,051.95 2.50 3.932 (2.841-5.441)
N Men 4,863,211 | 205 44,512,760.55 0.46 1 (Ref) 0.147
o
Women | 4,161,011 | 1,031 | 38,506,785.82 2.68 5.466 (4.471-6.681)
Type 2 diabetes
- Men 535,670 32 4,692,017.84 0.68 1 (Ref.)
es
Women | 335,104 87 2,998,888.16 2.90 3.966 (2.586-6.084)
N Men 3,892,151 | 149 35,800,979.13 0.42 1 (Ref.) 0.010
o
Women | 3,311,551 | 802 30,752,778.34 2.61 5.996 (4.810-7.475)
Hypertension
v Men 1,506,730 | 88 13,403,799.27 0.66 1 (Ref.)
es
Women | 1,184,564 | 316 10,752,895.64 2.94 4.053 (3.086-5.322)
N Men 4,498,742 | 183 41,056,448.85 0.45 1 (Ref) 0.001
o
Women | 3,592,641 | 906 33,210,089.52 2.73 5.857 (4.761-7.204)
Dyslipidemia
v Men 900,139 54 8,148,329.55 0.66 1 (Ref.)
es
Women | 903,474 212 8,295,584.47 2.56 3.330 (2.394-4.632)
N Men 5,067,232 | 221 46,271,153.98 0.48 1 (Ref.) 0.786
o
CKD Women | 4,139,745 | 1,023 | 38,315,942.47 2.67 5.303 (4.351-6.463)
v Men 331,649 16 2,933,624.41 0.55 1 (Ref)
es
Women | 356,370 95 3,189,731.51 2.98 4.914 (2.847-8.482)

Table 3. Subgroup analysis. 2Adjusted for age, BMI, income, smoking status, alcohol consumption, physical
activity, type 2 diabetes, hypertension, dyslipidemia, and CKD. BMI, body mass index; CI, confidence interval;
CKD, chronic kidney disease; HR, hazard ratio; IR, incidence ratio; pyrs, person-years.

HR [aHR] 5.227; 95% CI 4.541-6.018; model 3: aHR 5.227; 95% CI 4.307-6.343; and model 4: aHR 5.275; 95%
CI 4.346-6.403).

Subgroup analysis
In the subgroup analysis, subsets of individuals, in which the effect of sex on the risk of incident SSc was more
prominent, were identified (Table 3). The association between women and higher risk of incident SSc was more
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pronounced in middle-aged individuals (aHR 5.020 [in individuals aged <40 years] vs. 5.868 [in individuals aged
40-64 years] vs. 2.734 [in individuals aged > 65 years]; p-interaction <0.001), in individuals who did not have
abdominal obesity than in those with abdominal obesity (aHR 5.863 vs. 3.658; p-interaction =0.005), in those
who do not exercise regularly than in those who exercise regularly (aHR 5.701 vs. 3.932; p-interaction =0.030),
in those without hypertension than in those with hypertension (aHR 5.996 vs. 4.053; p-interaction =0.010), and
in those without dyslipidemia than in those with dyslipidemia (aHR 5.857 vs. 3.330; p-interaction=0.001).

Discussion

In this nationwide population-based cohort study, we showed that women are at a 5-fold higher risk of developing
SSc than men, after adjusting for multiple covariates. The higher risk of incident SSc in women than in men was
more prominent in several subgroups of individuals, including those aged 40-64 years, those without abdominal
obesity, those who do not exercise regularly, those without hypertension, and those without dyslipidemia. These
data are clinically meaningful as they provide comprehensive information that can lead to a better stratification
of the risk of incident SSc in the perspective of sex.

Rheumatoid arthritis (RA) is another disease that has female predominance. In Korea, the incidence rate for
RA is 16.5-42.0 per 100,000 person-years, with a women-to-men ratio of 3.4-3.5:1!. In our study, the incidence
rate for SSc was 1.49 per 100,000 person-years, with a women-to-men ratio of 5.6:1. Compared with RA, the
incidence rate of SSc was lower, but the women predominance was more pronounced.

Data from EUSTAR database have compared disease characteristics of SSc between men with SSc and women
with SSc!®. The study reported that men with SSc had more severe disease characteristics (diffuse subtype, higher
frequency of digital ulcers, and pulmonary hypertension) than women with SSc. However, the risk of incident
SSc according to sex in general population has not been assessed. In our study, we compared the risk of incident
SSc between men and women in the general population, and showed that women have a 5-fold higher risk of
incident SSc than men in the general population.

In the multivariable analysis adjusted for multiple covariates including age and comorbidities, women had
an approximately 5-fold higher risk of incident SSc than men (model 4: aHR 5.275; 95% CI 4.346-6.403). This
association could be attributable to estrogen. Mechanistically, by binding to estrogen receptor a, estradiol exerts
a pro-fibrotic effect by inducing expression of extracellular matrix protein (such as fibronectin) and enhancing
cell growth in the dermal fibroblast, and is thus involved in the pathogenesis of SSc!®!”. Moreover, studies have
reported that serum estradiol levels are higher in patients with SSc than in matched controls!®!®. As women have
higher levels of estrogen than men, this may have led to a higher risk of incident SSc. In the age-based subgroups,
the impact of sex on the incidence of SSc was most pronounced in individuals aged 40-64 years (aHR 5.868;
95% CI 4.705-7.318). This is twice the effect size compared with that in individuals aged > 65 years (aHR 2.734;
95% CI 1.894-3.947). Notably, middle age (45-64 years) is considered as a risk factor of incident SSc'’. The effect
size (aHR 5.868) of sex on the incidence of SSc in the individuals aged 40-64 years is considerable, given that
the middle-aged individuals are already at a higher risk of incident SSc than individuals of other ages. Hence,
women aged 40-64 years should be stratified as having a very high risk of incident SSc.

Sex had a more robust impact on the incidence of SSc in individuals without abdominal obesity (aHR 5.863)
than in those with abdominal obesity (aHR 3.658). However, there were no significant differences in the effect of
sex on the incidence of SSc between those without and with obesity (aHR 5.525 vs. 4.811; p-interaction = 0.364).
Studies have shown that higher estradiol levels are inversely associated with abdominal obesity in women!*2’.
In other words, women without abdominal obesity are likely to have higher estradiol levels than those with
abdominal obesity. Therefore, the larger effect of sex on the risk of incident SSc in those without abdominal
obesity than in those with abdominal obesity could be attributable to the higher estradiol levels in the former
group. On the other hand, there is no significant inverse association between estradiol levels and BMI in women?®.
This could be a possible explanation for the significant difference in the effect of sex observed only between
individuals without and with abdominal obesity, but not between those without and with obesity. An inverse
association between exercise and estrogen levels in women has also been repeatedly reported in studies*'~?%. This
could explain the more prominent effect of sex on the risk of incident SSc in individuals who did not exercise
regularly (aHR 5.701) compared with those who did (aHR 3.932). That is, women who do not exercise regularly
are likely to have higher estrogen levels than those who exercise regularly. Therefore, the effect size of sex on
incidence of SSc may have been higher in those who do not exercise regularly.

Other subgroups in which the effect of sex was more pronounced were those without hypertension (aHR
5.996) and without dyslipidemia (aHR 5.857) as compared with their respective counterparts (aHRs 4.053 and
3.330, respectively). As exercise influences blood pressure and lipid levels, the possibility of the influence of
exercise on the different risk of incident SSc between women with/without hypertension and women with/
without dyslipidemia should be considered. Women who do not exercise regularly would more likely have
hypertension and dyslipidemia than women who exercise regularly. Therefore, given that the higher risk of
incident SSc was more prominent in women who did not exercise regularly (aHR 5.701) than women who
did (aHR 3.932), one could expect that the higher risk of incident SSc would be more prominent in women
with hypertension and women with dyslipidemia, compared with their respective counterparts. However,
the higher risk of incident SSc was more prominent in women without hypertension and women without
dyslipidemia, compared with their respective counterparts. This suggests that the influence of exercise is not
likely the cause of the different risk of incident SSc between women with/without hypertension and women
with/without dyslipidemia. The larger effect size in individuals without hypertension and dyslipidemia could
rather be attributable to the difference in estrogen levels with their respective counterparts. In women, estradiol
has a BP-lowering effect?*?°. Therefore, women without hypertension are more likely to have higher estradiol
levels. In addition, estrogen is an important regulator of lipid metabolism?®. Estrogen increases HDL-C and
decreases LDL-C levels?¢-28. Hence, those without dyslipidemia are more likely to have higher estrogen levels.
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Taken together, the more prominent effect of sex in those without hypertension and dyslipidemia could be due
to the higher estrogen levels in these groups than their respective counterparts.

Some limitations should be noted in this study. First, the possibility of bias owing to unmeasured
confounders exists. For instance, data on exposure to silica, which is a known environmental risk factor for
the SSc development!® were lacking. Nonetheless, as this was a large-scale population-based study consisting
of approximately 10 million individuals, the influence by the unmeasured confounders would be negligible.
Second, although, based on several translational and observational studies, we presumed that the results of our
study were attributable to estrogen, the exact mechanism underlying the associations observed in our study
remains elusive. Third, the RID code does not distinguish diffuse SSc and limited SSc, and we were unable to
stratify SSc based on subtypes. These data, if available, would have been more informative. Fourth, as this study
was based exclusively on the Korean population, results may not be generalizable to other ethnic populations.
Further studies are needed to reveal the mechanism underlying the higher risk of incident SSc in women, and to
confirm our findings in other ethnic groups.

In conclusion, we showed that women have a 5-fold higher risk of incident SSc than men using a nationwide
cohort. This association was more prominent in middle-aged individuals, those without abdominal obesity, those
who do not exercise regularly, and those without hypertension, and those without dyslipidemia. Considering
that women have a higher risk of developing SSc, these subgroups of women should be stratified as having a very
high risk of incident SSc.

Data availability

The data that support the findings of this study are available from the Korean National Health Insurance Services
but restrictions apply to the availability of these data, which were used under license for the current study, and
so are not publicly available. Data are however available from the authors upon reasonable request and with
permission of the Korean National Health Insurance Services.
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