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Background and Aims: Lipid metabolism is altered in systemic sclerosis (SSc), mediating activation of immune cells and
fibroblasts. However, it is unclear whether altered lipid profile is associated with a risk of developing SSc. We aimed to assess the
association between lipid profile and risk of incident SSc.

Methods: From a Korean nationwide database, individuals without SSc who underwent national health check-ups in 2009 were
selected and followed-up through 2019. Serum levels of total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), and triglyceride were measured on the health check-up date in 2009. Individuals who
developed SSc during follow-up were identified. Multivariable Cox models were performed to estimate the risk of incident SSc
according to TC, HDL-C, LDL-C, and triglyceride levels, respectively.

Results: Of the 9,894,996 individuals selected, 1355 individuals developed SSc during a mean follow-up of 9.2 years (incidence
rate=1.49 per 100,000 person-years). Levels of TC (adjusted hazard ratio [aHR] 0.959, 95% confidence interval [CI] 0.945-0.974),
HDL-C (aHR 0.968, 95% CI 0.950-0.987), LDL-C (aHR 0.968, 95% CI 0.952-0.983) were inversely associated with the risk of
incident SSc, whereas no significant association was observed between levels of triglyceride (aHR 1.004, 95% CI 0.998-1.011) and
risk of incident SSc.

Conclusion: Serum levels of TC, HDL-C, and LDL-C were inversely associated with the risk of incident SSc. Our findings provide
new insights that altered lipid profile could be considered a non-causal biomarker associated with incident SSc, which could help early
diagnosis. The underlying mechanism for this association needs further studies.

Plain Language Summary: Lipid metabolism is altered in patients with systemic sclerosis (SSc), mediating activation of immune
cells and fibroblasts. In this large population-based cohort study, we found that levels of TC, HDL-C, and LDL-C were inversely
associated with the risk of incident SSc. Our findings suggest that levels of TC, HDL-C, and LDL-C could be considered in detecting
individuals at high risk of incident SSc.
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Introduction

Systemic sclerosis (SSc) is a chronic autoimmune disease characterised by vasculopathy, inflammation, and tissue
fibrosis.! Patients with SSc could present with various manifestations. Raynaud phenomenon is the most common
manifestation of SSc and blood perfusion of hands is lower in patients with SSc than controls.? Interstitial lung disease is
one of the leading causes of mortality in patients with SSc.® Although survival rate has improved over time, SSc has the
highest mortality among various rheumatic diseases.*> Given the high mortality rate of SSc, it is important to know risk
factors of its development, to implement close monitoring of high risk individuals. Genetic factors and epigenetic
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modifications are suggested as factors that influence the development of SSc."**® In addition, middle age (45-64 years),
female sex, family history of SSc, and exposure to silica have been reported as risk factors of SSc in a systemic review
on 34 literatures.’

Diagnostic delay of SSc is an important unmet clinical need.'® Approximately a quarter of patients with SSc have
a diagnostic delay of more than 10 years between the first appearance of raynaud phenomenon and the diagnosis of
SSc.'®! Importantly, earlier diagnosis leads to better outcomes via earlier treatment.'*'? Therefore, it is crucial to
identify biomarkers for early diagnosis of SSc.

Accruing studies suggest that lipid metabolism affects immune responses and could play an important role in the
pathogenesis of autoimmune rheumatic diseases.'*™'” For SSc in particular, altered lipid metabolism is suggested as one
of the key mediators for activating immune cells and fibroblasts.'*'” Indeed, studies have reported altered lipid profile in
patients with SSc compared with controls.'* Although the pattern of changes in individual lipid parameters (total
cholesterol [TC], high-density lipoprotein cholesterol [HDL-C], low-density lipoprotein cholesterol [LDL-C], and
triglyceride) varied among studies according to the disease duration of SSc and the medications used for the treatment
of SSc, altered lipid profile has been consistently observed throughout studies.'® 2

However, there have been no clinical data assessing whether the altered lipid profile in individuals without SSc is
associated with the risk of future development of SSc. None of the previous studies assessing risk factors of SSc have
examined lipid profile as a possible risk factor.” Given that lipid metabolism plays a crucial role in immune responses,'®
and that altered lipid profile is observed in patients with SSc, we hypothesize that lipid profile could be associated with
the risk of incident SSc. This study aimed to investigate lipid profile as a non-causal biomarker independently associated
with incident SSc, which has not been studied previously. For this purpose, we used a large nationwide population-based
cohort and assessed the association between lipid profile and the risk of future development of SSc.

Materials and Methods

Data Source

Data were extracted from the Korean National Health Insurance Service (NHIS) claims database, which covers
approximately 97% of the whole population of South Korea. Comprehensive data, including demographics, medical
treatments and procedures, and disease diagnoses according to the International Classification of Diseases-10th Revision
(ICD-10) code and rare intractable disease (RID) code,” are available in the NHIS database. The RID code is provided
for a specific rare disease based on diagnostic criteria provided by the NHI. The RID code is determined through rigorous
review by the NHIS and the corresponding health institution for the fulfilment of the diagnostic criteria. Among
individuals registered in the NHIS, those aged > 40 years or employees of any age are recommended to undergo
national health examinations every two years. The health check-up data include anthropometric measurements, labora-
tory data (fasting plasma glucose levels and lipid profiles), and lifestyle behaviours (smoking status, alcohol consump-
tion, and physical activity) based on standardized self-reporting questionnaires.”* 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 and the anonymized patient data, the requirement for informed consent was waived and approved by
the IRB of Gangnam Severance Hospital. This study complied with the ethical standards in the 1964 Declaration of
Helsinki. All data accessed complied with relevant data protection and privacy regulations. Data are presented according
to the STROBE checklist (Supplementary Material).

Study Cohort

Individuals who underwent national health check-ups in 2009 were initially extracted from the NHIS database. A total of
10,601,274 individuals were identified. The following patients were excluded: (i) age < 20 years (n = 15,431); (ii)
diagnosed with SSc before 2009 (n = 890); (iii) those with missing data (n = 663,828); (iv) expired within a year from
baseline (n = 26,012); and (v) incident SSc within a year from baseline (n = 117). Finally, 9,894,996 individuals were
included for analysis (Figure 1). All individuals were followed up from the date of health check-up in 2009 (referred to as
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NHIS database

10,601,274 individuals who underwent
national health check-up in 2009

706,278 individuals were excluded due to

following reasons
15,431 were younger than 20 years
890 were diagnosed with SSc prior to 2009
663,828 had missing data
26,012 expired within 1-year from baseline
117 had incident SSc within 1-year from baseline

9,894,996 individuals included for analysis

Figure | Flow diagram of the study population.
Abbreviations: NHIS, National Health Insurance Service; SSc, systemic sclerosis.

baseline) to the date of SSc diagnosis, or December 2019, whichever came first. The person time of observation duration
was calculated excluding the first year of follow-up.

Lipid Profile

The serum levels of TC, HDL-C, LDL-C, and triglyceride were measured on the date of national health check-up in
2009. The levels were analyzed as continuous variables.

Definition of SSc and Covariates

SSc was defined as the RID code V138.>° Covariates were defined as follows: hypertension, ICD-10 codes 110113 and
I15 with prescriptions for anti-hypertensive agents or systolic blood pressure (BP) > 140 mmHg or diastolic BP > 90
mmHg; type 2 diabetes, ICD-10 codes E11-14 with prescriptions for anti-diabetic agents or fasting plasma glucose level
> 126 mg/dL; dyslipidemia, ICD-10 code E78 with prescriptions for lipid-lowering agents or serum TC > 240 mg/dL;
and chronic kidney disease (CKD), estimated glomerular filtration rate (GFR) < 60 mL/min/1.73m? calculated by
Modification of Diet in Renal Disease equation.*®

Statistical Analysis

Baseline characteristics of the participants were summarized using descriptive analyses. Continuous variables were
summarized as mean + standard deviation. For continuous variables, values of the extreme 5% were identified as outliers
and were treated by trimming.?’ Categorical variables were summarized as numbers (%). Baseline characteristics were
compared using independent samples #-test for continuous variables, and chi-square test for categorical variables. The
incidence rate of SSc was expressed as the number of events per 100,000 person-years. Cox proportional hazard models

Clinical Epidemiology 2023:15 htps: 1097

Dove:


https://www.dovepress.com
https://www.dovepress.com

Kwon et al Dove

were performed to evaluate the association between lipid profile and the risk of incident SSc. The lipid profile (ie,
exposure) was analyzed as a continuous variable. Hazard ratios (HRs) and 95% confidence intervals (Cls) according to
the levels of TC, HDL-C-, LDL-C, and triglyceride, respectively, were estimated. Model 1 was a crude model. Model 2
was adjusted for age and sex, which are known confounders (ie, covariates that affect both independent and dependent
variables) of lipid profile and SSc. Model 3 was additionally adjusted for potential explanatory variables (age, sex, body
mass index [BMI], residence, income, smoking status, alcohol consumption, physical activity, hypertension, type 2
diabetes, and CKD). Model 4 was adjusted for potential mediators (the use of lipid-lowering agents) in addition to the
covariates adjusted in model 3. Age and BMI were not categorized and were adjusted as continuous variables. Restricted
cubic spline analysis was used to assess the potential non-linear relationships between lipid profile and risk of incident
SSc. Five knots were selected at 20th, 40th, 60th, 80th, and 100th percentiles. Subgroup analysis was performed to
evaluate whether there is a subset of individuals in whom the association between lipid profile and risk of incident SSc is
more prominent. 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).

Results

Baseline Characteristics

During a mean follow-up duration of 9.2 £ 1.1 years, 1355 of 9,894,996 individuals developed SSc. The comparison of
baseline characteristics between those who did not develop SSc and those who developed SSc during follow-up are shown in
Table 1. Given the much higher incidence of SSc in females, we stratified the participants by sex. In males, levels of TC (194.2
+36.1 mg/dL vs 187.7 + 35.2 mg/dL, p = 0.005) and LDL-C (112.0 + 38.8 mg/dL vs 104.7 + 34.9 mg/dL, p = 0.004) were
lower in individuals who developed SSc during follow-up, while the levels of HDL-C (53.1 +25.3 mg/dL vs 51.7 + 17.5 mg/
dL, p=0.381) and triglyceride (128.6 [128.6—128.7] mg/dL vs 133.8 [124.3-144.1] mg/dL, p = 0.286) did not differ between

Table | Comparison of Baseline Characteristics According to the Development of Systemic Sclerosis During Follow Up Stratified by

Sex
Male P value Female P value
SSc Not Developed SSc Developed SSc Not Developed SSc Developed
(N =5,398,644) (N =237) (N = 4,494,997) (N=1118)
Age, years 46.0£13.6 52.4£12.0 <0.001 48.8x14.5 51.9£10.4 <0.001
Age groups, years, n (%) <0.001 <0.001
20-39 1,966,904 (36.4) 34 (14.4) 1,091,948 (24.3) 95 (8.5)
40-64 2,827,552 (52.4) 161 (67.9) 2,702,784 (60.1) 888 (79.4)
265 604,188 (11.2) 42 (17.7) 700,265 (15.6) 135 (12.1)
BMI, kg/m? 24.1£3.1 242432 0.550 232433 23.343.1 0.468
BMI groups, kg/m?, n (%) 0.773 0.133
<185 121,964 (2.3) 3(13) 245,247 (5.5) 46 (4.1)
<23 1,818,978 (33.7) 8l (34.2) 2,043,654 (45.5) 511 (45.7)
<25 1,454,168 (26.9) 68 (28.7) 981,644 (21.8) 267 (23.9)
<30 1,808,069 (33.5) 75 31.7) 1,068,896 (23.8) 262 (23.4)
230 195,465 (3.6) 10 (4.2) 155,556 (3.5) 32 (29)
Region, urban, n (%) 2,439,313 (45.2) 92 (38.8) 0.049 2,079,215 (46.3) 526 (47.1) 0.595
Income, n (%) 0.009 0.583
Ql 811,491 (15.0) 50 (21.1) 1,117,976 (24.9) 286 (25.6)
(Continued)
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Table | (Continued).

Male P value Female P value
SSc Not Developed SSc Developed SSc Not Developed SSc Developed
(N =5,398,644) (N =237) (N = 4,494,997) (N=1118)

Q2 1,183,173 (21.9) 43 (18.1) 1,084,827 (24.1) 251 (22.5)

Q3 1,631,664 (30.2) 60 (25.3) 1,077,183 (24.0) 253 (22.6)

Q4 1,882,316 (23.8) 84 (35.4) 1,215,011 (27.0) 328 (29.3)
Smoking, n (%) 0.043 0.220

Non-smoker 1,641,784 (30.4) 62 (26.2) 4,257,643 (94.7) 1,070 (95.7)

Ex-smoker 1,336,898 (24.8) 75 31.7) 82,192 (1.8) 20 (1.8)

Current smoker 2,419,962 (44.8) 100 (42.2) 155,162 (3.5) 28 (2.5)
Drinking, n (%) 0.142 <0.001

Non-drinker 1,754,296 (32.5) 85 (35.9) 3,364,902 (74.9) 912 (81.6)

Mild drinker 2,908,676 (53.9) 113 (47.7) 1,080,529 (24.0) 197 (17.6)

Heavy drinker 735,672 (13.6) 39 (16.5) 49,566 (1.1) 9 (0.8)
Regular exercise, n (%) 1,075,428 (19.9) 61 (25.7) 0.025 701,803 (15.6) 163 (14.6) 0.341
Hypertension, n (%) 1,506,642 (27.9) 88 (37.1) 0.002 1,184,248 (26.4) 316 (28.3) 0.145
Type 2 diabetes, n (%) 535,638 (9.9) 32 (13.5) 0.065 335,017 (7.5) 87 (7.8) 0.676
Dyslipidaemia, n (%) 900,085 (16.7) 54 (22.8) 0.012 903,262 (20.1) 212 (19.0) 0.345
Lipid-lowering agents, n (%) 437,888 (8.1) 37 (15.6) <0.001 521,220 (11.6) 142 (12.7) 0.248
CKD, n (%) 331,633 (6.1) 16 (6.8) 0.697 356,275 (7.9) 95 (8.5) 0.480
Height, cm 170.0+6.4 168.2+6.5 <0.001 156.5+6.2 156.1+5.8 0.055
Weight, kg 69.8£10.5 68.7£10.6 0.099 56.7£8.4 56.748.2 0.990
Waist Circumference, cm 83.6+7.8 84.5+8.1 0.062 76.318.9 76.318.1 0.748
Systolic BB, mmHg 124.714.1 124.5£14.0 0.861 119.8+15.7 118.3+15.7 0.001
Diastolic BF, mmHg 78.0£9.7 77.8+9.9 0.747 74.3£10.1 73.6x10.0 0.016
Fasting glucose, mg/dL 99.2425.8 101.9+31.7 0.098 95.1£21.2 94.4x19.1 0.225
Estimated GFR, mL/min/1.73m? 87.9151.5 86.7425.1 0.729 87.2436.5 84.0+28.2 0.004
TC, mg/dL 194.2436.1 187.7+35.2 0.005 195.9+£37.6 193.7+37.9 0.051
HDL-C, mg/dL 53.1%£25.3 51.7£17.5 0.381 59.7£30.5 56.4+30.6 <0.001
LDL-C, mg/dL 112.0+38.8 104.7+34.9 0.004 115.5£38.3 114.8+34.3 0.550
Triglyceride?, mg/dL 128.6 (128.6-128.7) 133.8 (124.3—-144.1) 0.286 95.9 (95.9-96.0) 102.4 (99.2-105.6) <0.001

Note: *Geometric mean (95% confidence interval).
Abbreviations: 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; SSc, systemic sclerosis; TC, total cholesterol.

the two groups. In females, levels of HDL-C (59.7 + 30.5 mg/dL vs 56.4 + 30.6 mg/dL, p < 0.001) were lower and levels of
triglyceride (95.9 [95.9-96.0] mg/dL vs 102.4 [99.2—105.6] mg/dL, p = 0.002) were higher in those who developed SSc during
follow-up, whereas the levels of TC (195.9 = 37.6 mg/dL vs 193.7 + 37.9 mg/dL, p=0.051) and LDL-C (115.5 +38.3 mg/dL
vs 114.8 + 34.3 mg/dL, p = 0.550) did not differ between the two groups.
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Risk of Incident SSc According to the Lipid Profile

The incidence rate of SSc in the total study population was 1.49 per 100,000 person-years. The cumulative incidence of
SSc over time by sex is shown in Figure 2. The incidence was consistently higher in female than in male over time. In the
Cox proportional hazard models (Table 2), levels of TC (model 4; adjusted HR 0.959, 95% CI 0.945-0.974), HDL-C
(model 4; adjusted HR 0.936, 95% CI 0.900-0.974), LDL-C (model 4; adjusted HR 0.968, 95% CI 0.952—0.983) were
inversely associated with the risk of incident SSc, whereas no significant association was observed between levels of
triglyceride (model 4; adjusted HR 1.004, 95% CI 0.998-1.011) and risk of incident SSc. Restricted cubic spline analysis
revealed lower risk of incident SSc at higher levels of TC, HDL-C, and LDL-C (Figure 3).

Subgroup Analysis

As the HDL-C levels showed the largest effect size, we further analyzed whether the effect of HDL-C levels is more
pronounced in a particular subgroup of individuals (Table 3). HDL-C levels were categorised as Q1 (lowest 25%) and
Q2-Q4, and individuals were stratified according to several covariates. The association between higher HDL-C levels
(Q2-Q4 vs Q1) and lower risk of incident SSc was more prominent in females than in males (adjusted HR 0.699 vs
0.989, p for interaction = 0.024), in individuals who are not obese (BMI < 25 kg/m?) than in those who are obese (BMI >
25 kg/mz) (adjusted HR 0.675 vs 0.899, p for interaction = 0.032), and in those without type 2 diabetes than in those with
type 2 diabetes (adjusted HR 0.720 vs 1.100, p for interaction = 0.042).

Discussion
In this study, we observed a significant association between lipid profile and the risk of incident SSc during a mean
follow-up of 9.2 years. In particular, higher serum levels of TC, HDL-C, and LDL-C were associated with a lower risk of
incident SSc. Among individual lipid parameters, HDL-C had the largest effect size on the risk of incident SSc. To the
best of our knowledge, this is the first study reporting the association between lipid profile and the risk of incident SSc.
Although data on the association between lipid profile and the risk of incident SSc are lacking, the association
between lipid profile and incidence of other inflammatory diseases, such as rheumatoid arthritis (RA) and inflammatory
bowel diseases (IBD), has been reported.”*>° A population-based study showed that TC and LDL-C levels in patients
with RA are decreased compared with non-RA individuals five years before the onset of RA.?® Another study reported
that HDL-C levels in patients with RA are decreased compared with non-RA individuals 10 years before the onset of
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Figure 2 Cumulative incidence of SSc over time.
Abbreviation: SSc, systemic sclerosis.
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Table 2 Incidence of Systemic Sclerosis According to Lipid Profile in Continuous Variable

N SSc | Duration (pyrs) | IR/100,000 pyrs Model | P value Model 2 P value Model 3 P value Model 4 P value
TC, per 10 mg/dL 9,894,996 | 1,335 90,710,452.37 1.47 0.982 0.016 0.959 <0.001 0.959 <0.001 0.959 <0.001
(0.967-0.996) (0.945-0.974) (0.945-0.974) (0.945-0.974)
HDL-C, per 10 mg/dL 0.992 0.497 0.942 0.001 0.936 0.001 0.936 0.001
(0.968-1.014) (0.908-0.978) (0.900-0.974) (0.900-0.974)
LDL-C, per 10 mg/dL 0.995 0.500 0.968 <0.001 0.968 <0.001 0.968 <0.001
(0.981-1.010) (0.953-0.984) (0.952-0.983) (0.952-0.983)
Triglyceride, per 10 mg/dL 0.989 0.001 1.002 0.546 1.004 0.227 1.004 0.227
(0.982-0.995) (0.996-1.009) (0.998-1.011) (0.998-1.011)

Notes: Model |: Crude model. Model 2: Adjusted for age and sex. Model 3: Adjusted for age, sex, BMI, residence, income, smoking status, alcohol consumption, physical activity, hypertension, type 2 diabetes, and CKD. Model 4:

Adjusted for age, sex, BMI, residence, income, smoking status, alcohol consumption, physical activity, hypertension, type 2 diabetes, CKD, and lipid-lowering agents.

Abbreviations: BMI, body mass index; CKD, chronic kidney disease; HDL-C, high-density lipoprotein cholesterol; IR, incidence rate; LDL-C, low-density lipoprotein cholesterol; pyrs, person-years; SSc, systemic sclerosis; TC, total

cholesterol.
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Figure 3 Spline curves showing the relationship between (A) TC, (B) HDL-C, (C) LDL-C, (D) triglyceride and risk of incident SSc.
Abbreviations: TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HR, hazard ratio; Cl, confidence interval;
SSc, systemic sclerosis.

RA.?’ Regarding IBD, low TC, LDL-C, and HDL-C levels were associated with a higher risk of incident ulcerative
colitis over a median follow up of 7.3 years.>* Our data add to the previous knowledge that the inverse association
between levels of TC, HDL-C, and LDL-C and incidence of inflammatory diseases also applies to SSc.

In an inflammatory condition, TC, HDL-C, and LDL-C levels decrease.’' >* Therefore, subclinical inflammation
might be present in those with low TC, HDL-C, and LDL-C levels at baseline, which led to a later incidence of overt
SSc. Moreover, we observed that higher levels of TC, HDL-C, and LDL-C indicate lower risks of incident SSc.
Therefore, it is possible that lower TC, HDL-C, and LDL-C levels reflect a higher burden of subclinical inflammation
that may have contributed to the higher incidence of overt SSc.
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Table 3 Subgroup Analysis of the Association Between Levels of HDL-C and Incidence of Systemic Sclerosis

‘ Subgroup ‘ HDL-C ‘ N ‘ SSc ‘ Duration (pyrs) IR /100,000 pyrs HR® (95% CI) p for interaction

Age groups, years

<40 Ql 712,748 32 6,627,853.72 0.48 I (Ref.) 0.298
Q2-4 2,346,233 97 21,799,687.03 0.45 0.567 (0.379-0.848)
40-64 Ql 1,471,779 277 13,591,301.46 2.04 I (Ref.)
Q2-4 4,059,606 772 37,571,670.57 2.05 0.759 (0.661-0.873)
265 Ql 415,308 58 3,484,831.92 1.66 I (Ref)
Q2-4 889,322 19 7,635,107.68 1.56 0.843 (0.615-1.155)
Sex
Male Ql 1,789,377 80 16,273,744.73 0.49 I (Ref.) 0.024
Q2-4 3,609,504 157 32,931,033.66 0.48 0.989 (0.755-1.297)
Female Ql 810,458 287 7,430,242.36 3.86 I (Ref.)
Q2-4 3,685,657 831 34,075,431.62 2.44 0.699 (0.611-0.802)
Obesity
No Ql 1,452,497 248 13,180,804.70 1.88 I (Ref.) 0.032
Q2-4 5,214,134 728 47,862,090.39 1.52 0.675 (0.583-0.782)
Yes Ql 1,147,338 119 10,523,182.40 1.13 I (Ref)
Q2-4 2,081,027 260 19,144,374.89 1.36 0.899 (0.723-1.119)

Abdominal obesity

No Ql 1,874,232 270 17,113,551.75 1.58 I (Ref.) 0.613
Q2-4 6,069,804 835 55,825,679.67 1.50 0.757 (0.658-0.871)
Yes Ql 725,603 97 6,590,435.35 1.47 I (Ref.)
Q2-4 1,225,357 153 11,180,785.61 1.37 0.703 (0.544-0.907)
Hypertension
No Ql 1,753,573 241 16,164,971.59 1.49 I (Ref) 0.171
Q2-4 5,450,129 710 50,388,785.88 1.41 0.708 (0.611-0.822)
Yes Ql 846,262 126 7,539,015.51 1.67 I (Ref.)
Q2-4 1,845,032 278 16,617,679.40 1.67 0.847 (0.686-1.047)
Type 2 diabetes
No Ql 2,274,635 330 20,852,214.90 1.58 I (Ref.) 0.042
Q2-4 6,749,587 906 62,167,331.47 1.46 0.720 (0.633-0.820)
Yes Ql 325,200 37 2,851,772.20 1.30 I (Ref.)
Q2-4 545,574 82 4,839,133.81 1.69 1.100 (0.746—1.621)

Notes: *Adjusted for age, sex, BMI, residence, income, smoking status, alcohol consumption, physical activity, hypertension, type 2 diabetes, CKD, and lipid-lowering agents.
Abbreviations: BMI, body mass index; Cl, confidence interval; CKD, chronic kidney disease; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; IR, incidence
rate; pyrs, person-years; SSc, systemic sclerosis.
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Of the lipid parameters that showed significant association with the risk of incident SSc, HDL-C had the largest effect
size, accounting for an approximately 6.4% decrease in the risk of incident SSc per 10 mg/dL increment in levels of
HDL-C. In contrast, LDL-C had the smallest effect size, accounting for an approximately 3.2% decrease in risk per
10 mg/dL increment in levels of LDL-C. The effect size of TC (approximately 4.1% decrease in risk per 10 mg/dL
increment in levels of TC) was in between that of HDL-C and LDL-C, as expected, considering that the TC includes both
HDL-C and LDL-C. HDL-C is distinct from LDL-C in that it has antioxidant and anti-inflammatory activities.**
Moreover, HDL-C has an immune regulatory role, as it removes cholesterol from peripheral cells and decreases
cholesterol levels in the cell membrane, resulting in a decreased number of class II major histocompatibility complex
molecules and decreased T cell activation.>® Therefore, lower levels of HDL-C, by impairing immune regulation, could
have led to a higher risk of incident SSc, which explains the inverse association between HDL-C levels and incidence of
SSc. In addition, these characteristics of HDL-C, which are distinct from that of LDL-C, could be a possible explanation
for the larger effect size of HDL-C than that of LDL-C.

In the subgroup analysis, the effect of higher HDL-C levels on risk reduction of incident SSc was found to be more robust
in females, individuals who are non-obese, and those without type 2 diabetes. Meanwhile, the effect size was smaller than
their respective counterparts in males, individuals who are obese, and those with type 2 diabetes and lost statistical
significance. The more pronounced effect on females than on males could be attributable to the differences in HDL-C levels
according to sex. The HDL-C levels are generally higher in females than in males.*® Indeed, the proportion of individuals
with Q2—Q4 HDL-C levels was higher in females (82.0%) than in males (66.9%) (Table 3). Given that female sex is a risk
factor of SSc,” it is important to perceive that females with low HDL-C levels are particularly at a high risk of developing
SSc. With regard to obese vs non-obese individuals, obesity itself is associated with chronic inflammation and impaired
immune function.’” Hence, the effect of higher HDL-C levels on the risk reduction of incident SSc may be attenuated in
obese individuals. Likewise, type 2 diabetes is also recognized as an inflammatory disease,® and therefore, the effect of
higher HDL-C levels could be less pronounced in individuals with type 2 diabetes.

Lipid-lowering agents including statins, ezetimibe, and fenofibrates, have an anti-inflammatory effect, in addition to
the lipid-altering effect.***' Therefore, it is important to determine whether the effect of HDL-C levels on the incidence
of SSc is different according to the use of lipid-lowering agents. In the subgroup analysis, no significant difference in the
influence of HDL-C levels on the incidence of SSc was observed between those who did not and did receive lipid-
lowering agents (p for interaction = 0.496). This suggests that the use of lipid-lowering agents does not influence the
inverse association between HDL-C levels and the risk of incident SSc.

Higher levels of TC, HDL-C, and LDL-C are associated with a lower risk of

developing systemic sclerosis in general population

9,894,996 individuals who underwent Higher TC levels, per 10 mg/dL
national health check-ups in 2009 - 4.1% decrease in risk of incident SSc
TC, HDL-C, LDL-C, and triglyceride levels Higher HDL-C levels, per 10 mg/dL
measured on the date of health check-ups - 6.4% decrease in risk of incident SSc

sclerosis diagnosis, or December 2019, - 3.2% decrease in risk of incident SSc

whichever came first

Serum levels of TC, HDL-C, and LDL-C were inversely associated with the risk of incident systemic sclerosis.

Figure 4 Summary of the present study.
Abbreviations: TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HR, hazard ratio; Cl, confidence interval.
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This study has some limitations. First, we lack data on several known risk factors of SSc, such as family
history of SSc and exposure to silica.” Therefore, although we adjusted for a number of covariates in the
multivariable model, possibility of bias from unmeasured confounders exist. However, given that the prevalence
of SSc is very low (77.7 per 1 million in Koreans)* and the number of Korean workers occupationally exposed to
silica is very small (approximately 150,000, accounting for 0.3% of the Korean population),** we presume that the
influence by these unmeasured confounders is small. Second, as data on the organs involved are not available in
the NHIS database, we could not assess whether the lipid profile is associated with a particular manifestation of
SSc. Third, as this was a Korean population-based study, generalizability to other ethnic populations remains
unclear. Fourth, possibility of bias from running a complete case analysis exists. Finally, as this was an observa-
tional study, the exact mechanism by which each lipid parameter affects the incidence of SSc is unclear. Despite
these limitations, our findings are robust in that this study was conducted using a large cohort of individuals and
novel in that this evaluated the association between the lipid profile and risk of incident SSc for the first time.

Conclusions

In conclusion, higher levels of TC, HDL-C, and LDL-C were associated with a lower risk of incident SSc (Figure 4). The
inverse association was most prominent between HDL-C levels and the incidence of SSc, with a 6.4% decrease in risk of
incident SSc per 10 mg/dL increment of HDL-C levels. Importantly, our data suggest that levels of TC, HDL-C, and
LDL-C could be considered a non-causal biomarker associated with incident SSc, which could aid in detecting
individuals at high risk of incident SSc.

Abbreviations

SSc, Systemic sclerosis; TC, Total cholesterol; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density
lipoprotein cholesterol; NHIS, National Health Insurance Service; ICD-10, International Classification of Diseases-
10th Revision; RID, Rare intractable disease; IRB, Institutional Review Board; BP, Blood pressure; CKD, Chronic
kidney disease; GFR, Glomerular filtration rate; HRs, Hazard ratios; Cls, Confidence intervals; BMI, Body mass index;
RA, Rheumatoid arthritis; IBD, Inflammatory bowel diseases.
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