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Background: Psoriasis is a chronic inflammatory skin disease characterized by an abnormal T-cell-mediated im-
mune response, and is associated with metabolic syndrome (MetS) and components thereof. However, few pro-
spective studies have investigated the associations between MetS and its components, on the one hand, and the
risk of psoriasis, on the other. Therefore, we investigated the association between the presence of MetS and its
components and the prospective risk of psoriasis development.

Methods: In total, 9,718,591 adults (2,595,878 in the MetS group and 7,122,713 in the comparison group) were
evaluated using data from the Korean National Health Insurance Service (2009 to 2017).

Results: MetS was positively associated with an increased risk of psoriasis over an 8-year follow-up period after
adjusting for age, sex, smoking status, alcohol consumption, physical activity, household income, and body mass
index (hazard ratio 1.05, 95% confidence interval 1.04-1.06). The risk of psoriasis tended to increase as the num-
ber of MetS components increased, and this trend was significant in obese subjects (P for trend <0.001).
Conclusion: Psoriasis was significantly and positively associated with MetS and several components thereof; MetS
severity and obesity affected these associations over 8 years of follow-up, suggesting that MetS is a risk factor for
the development of psoriasis.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Metabolic syndrome (MetS), a cluster of metabolic risk factors in-
cluding hyperglycemia, atherogenic dyslipidemia, elevated blood pres-
sure, and abdominal obesity [1], is associated with an increased risk of
cardiovascular disease and all-cause mortality [2]. The prevalence of
MetS is increasing rapidly worldwide [3]; thus, MetS has become a
major medical issue. MetS not only reflects a complex interaction of
maladaptive characteristics associated with impairment of insulin-
mediated effects on target organs [4]; increased oxidative stress or
chronic inflammation also affect MetS development and aggravation
[5,6].

Psoriasis is a chronic inflammatory skin disease characterized by
dysregulation of the T-cell-mediated immune response [7] that has
been associated with metabolic syndrome (MetS) and its components
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[8-10]. However, prospective studies investigating the associations be-
tween MetS and components thereof that may predispose to psoriasis,
and the risk of psoriasis, are scarce, especially for Asian populations
[11]. Therefore, we aimed to investigate the prospective risk of psoriasis
development among the patient with MetS using the database
established by the Korean National Health Insurance Service (KNHIS).

2. Materials and methods
2.1. Data source

We extracted data from the KNHIS national health claims database
[12]. The KNHIS provides comprehensive medical care to 97% of the Ko-
rean population and maintains a database of inpatient and outpatient
medical service records, diagnostic and procedural codes, prescribed
medications, and demographic data. A Medical Aid program covers
the low-income population (the remaining 3% of Koreans). Since
2006, Medical Aid data have been included in the KNHIS database, so
the database now covers all Koreans. No record is duplicated or omitted
because all Koreans receive a unique identification number at birth. The
KNHIS uses the standard codes of the International Statistical Classifica-
tion of Diseases and Related Health Conditions, 10th revision (ICD-10).
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The KNHIS also provides general health checkups and a cancer-
screening program. All Koreans can receive free health checkups at
any age. The data that we accessed were anonymized (thus devoid of
personal information), and our work was approved by the Institutional
Review Board of the KNHIS (approval no. NHIS-2019-1-075). The Ethics
Committee of Seoul St. Mary's Hospital, the Catholic University of Korea,
also approved the study design and waived the need for informed sub-
ject consent (approval no. KC18ZESI0643).

2.2. Study design and population

This was a prospective study, and we retrieved patient's data from
the KNHIS 2009-2017. Of the 10,490,491 civilians aged >20 years who
received general health checkups in 2009, those for whom data were
missing (n = 510,925), and those diagnosed with psoriasis prior to en-
rollment (n = 260,975) were excluded. Thus, 9,718,591 subjects were
finally included (Fig. 1). All included subjects were tracked over the
8 years from 2009 to 2017 to identify those who developed psoriasis
(ICD-10: L40).

The MetS and the comparison groups consisted of 2,595,878 and
7,122,713 subjects, respectively, in 2009. MetS was defined using the re-
vised criteria of the National Cholesterol Education Program Adult
Treatment Panel Il (NCEP-ATP III) [13]; thus, by the presence of three
or more of the following: waist circumference > 90 cm for males and
> 85 cm for females [14]; triglyceride level > 150 mg/dL or on medica-
tion to reduce triglyceride levels; high-density lipoprotein (HDL) cho-
lesterol level < 40 mg/dL for males or < 50 mg/dL for females, or on
medication to reduce HDL-cholesterol levels; systolic blood pressure
> 130 mmHg or diastolic blood pressure > 85 mmHg or on antihyperten-
sive medication; and fasting glucose levels >100 mg/dL or on medica-
tion to reduce glucose levels. MetS severity was defined as the
number of components increased in MetS.

2.3. Clinical, laboratory, and anthropometric measurements

Information on age, sex, household income, smoking status, alcohol
consumption, and physical activity was obtained from data recorded at
regular, medical KNHIS checkups. Household income was estimated as
total income divided by the square root of the number of household
members, and was dichotomized at the lower 20% border (<20% vs.
>20%). Cigarette smoking was divided into three categories based on cur-
rent use: non-smoker, ex-smoker, and current smoker. Alcohol consump-
tion was classified as abstinence (no alcoholic drinks within the past
year), moderate (<30 g pure alcohol per day), and heavy (>30 g pure al-
cohol per day). Physical activity was classified as moderate-to-intense or

KNHIS in 2009,
civilians aged > 20 years who had received health

examination (n = 10,490,491 )

not, and moderate-to-intense activity was defined as moderate or vigor-
ous exercise on at least 1 day a week. Comorbidities (hypertension, dys-
lipidemia, and diabetes mellitus [DM]) were identified based on clinic
and pharmacy ICD-10 codes and medicine lists. Venous blood samples
for assay of fasting glucose, lipid, and creatinine levels were obtained
after an overnight fast. Body mass index (BMI) was the weight (kg) di-
vided by the square of the height (m), and was classified as underweight,
normal weight, overweight, obese, or severely obese (<18.5, 18.5 to 22.9,
23 to 24.9, 25 to 29.9, and >30 kg/m? respectively) [15].

2.4. Statistical analysis

We used the independent t-test to compare continuous variables
and the chi-squared test to compare dichotomous variables. Skewed
variables were log-transformed. Data are expressed as means + stan-
dard deviations, or as numbers with percentages, or as geometric
means with 95% confidence intervals (Cls) if the distributions were
skewed. Univariate and multivariate Cox's proportional hazard regres-
sion analyses were performed to identify any association between
MetS status and psoriasis development. The multivariate analysis was
adjusted for age, sex, smoking status, alcohol consumption, physical ac-
tivity, household income, and BMI. Psoriasis-free status during follow-
up was analyzed using the Kaplan-Meier method; we used the log-
rank test to analyze differences in psoriasis incidence between the two
groups. Incidence of psoriasis by the number of MetS components and
obesity was analyzed using the Cox's proportional hazard regression
analyses after adjusting for age, sex, smoking status, alcohol consump-
tion, physical activity, and household income. All analyses were per-
formed with the aid of SAS software ver. 9.4 (SAS Institute, Cary, NC,
USA). A P-value <0.05 was regarded as statistically significant.

3. Results
3.1. Characteristics of the study population

A total of 9,718,591 adults were included in this study (2,595,878
[26.7%] for the adults with MetS). During the 8-year follow-up, 207,059
psoriasis cases developed (63,660 [2.45%] for the MetS group and
143,399 [2.01%] for the comparison group). Table 1 lists the characteris-
tics of the MetS and comparison groups. The incidence of psoriasis in
the MetS group was higher than in the other group (2.45% vs. 2.01%, P <
0.001). The MetS group tended to be older; had higher proportions of fe-
males and heavy drinkers; lower proportions of current smokers and
those engaging in moderate-to-intense physical activity; and higher pro-
portions of those with hypertension, dyslipidemia, and DM.

9,718,591 adults were included in the analyses
- Patients with metabolic syndrome (n = 2,595,878)
- Control subjects (n = 7,122,713)

Exclusion

- Missing data (n = 510,925)

- Diagnosed with psoriasis prior to enrollment (n = 260,975)

Fig. 1. Study population: data from the Korean National Health Insurance Service.
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Table 1
Characteristics of the study population.
Metabolic Comparison P
syndrome (n=
(n = 2,595,878) 7,122,713)
New-onset psoriasis 63,660 (2.45) 143,399 (2.01) <0.001
Age (years) 547 £13.0 443 + 134 <0.001
3,908,853
Male 1,404,676 (54.1) (549) <0.001
Current smoker (%) 632,861 (24.4) 25‘20855369 <0.001
Heavy drinker (%) 209,839 (8.1) 455,311 (6.4) <0.001
Exercise (yes) (%) 1,262,259 (48.6) ?'572325067 <0.001
Low income (%) 665,005 (25.6) 1,898,752 <0.001
(26.7)
Comorbidities
Diabetes 618,529 (23.8) 221,387 (3.1) <0.001
Dyslipidemia 1,119,023 (43.1) 648,533 (9.1) <0.001
Hypertension 1,492,702 (57.5) 996,144 (14.0)  <0.001
Body mass index (kg/m?) 25.8 4+ 3.1 229429 3001
Waist circumference (cm) 86.8 £7.9 77.8 +£ 8.2 <0.001
Systolic pressure (mmHg) 1313 £ 14.7 119.2 + 137 <0.001
Diastolic pressure (mmHg) 81.1+£99 746 +£ 9.4 <0.001
Total cholesterol (mg/dL) 2045 +41.1 191.6 4+ 34.2 <0.001
HDL-cholesterol (mg/dL) 494 + 195 57.6 +£18.2 <0.001
LDL-cholesterol (mg/dL) 116.5 4+ 38.9 112.0 £ 315 <0.001
. . N 1722 97.6
Triglycerides (mg/dL) (1721-172.3) (97.5-97.6) <0.001
Metabolic syndrome
components
Elevated waist circumference 1,265,340 (48.7) 636,327 (8.9) <0.001
Elevated blood pressure 2,136,680 (82.3) é%955848 <0.001
Elevated fasting glucose level 1,683,799 (64.9) 21395350] > <0.001
Reduced HDL-cholesterol level 1,716,366 (66.1) 952,374 (13.4) <0.001
Elevated triglyceride level 2,107,168 (81.5) gi27755989 <0.001

Values are expressed as means = standard deviations or as numbers with percentages (%)
and were compared using the independent t-test (continuous variables) or chi-squared
test (dichotomous variables). Values are expressed as geometric means with 95% confi-
dence intervals if the distributions were skewed®. Low income was defined as a household
income <20% of the median. HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Table 2
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3.2. Metabolic syndrome and its components as predictors of psoriasis

As shown in Table 2, the MetS group was at a greater risk of pso-
riasis than the comparison group (unadjusted hazard ratio [HR] 1.23,
95% confidence interval [CI] 1.22-1.24); the association remained
significant after adjusting for age, sex, smoking status, alcohol con-
sumption, exercise status, income, and BMI (multivariate-adjusted
HR [aHR] 1.05, 95% CI 1.04-1.06). Compared to the comparison
group, the MetS group exhibited an increasing trend toward psoria-
sis development as the number of components increased (aHR 1.02,
95% C11.01-1.04 for the number of MetS components of 3, aHR 1.06,
95% CI 1.04-1.08 for the number of 4, and aHR 1.09, 95% CI 1.06-1.12
for the number of 5, respectively). Those with elevated waist circum-
ference or triglyceride levels, or reduced HDL-cholesterol levels,
were more likely to develop psoriasis than those of normal waist cir-
cumference or with normal metabolite levels after adjusting for the
aforementioned covariates (aHR 1.11, 95% CI 1.09-1.12; aHR 1.04,
95% CI 1.03-1.05, and aHR 1.07, 95% CI 1.06-1.08, respectively).
The HR for psoriasis trended upward as overweight or obese status
became more marked (aHR 1.02, 95% CI 1.01-1.03 for overweight,
aHR 1.06, 95% CI 1.04-1.07 for obesity, and aHR 1.12, 95% CI
1.09-1.15 for severe obesity, respectively).

3.3. Cumulative effects of metabolic syndrome on psoriasis incidence

Fig. 2 presents the results of Kaplan-Meier curves assessing the
psoriasis-free rate by the presence of MetS and components thereof. A
total of 69,804,956 person-years were examined (18,503,023 person-
years for the MetS group and 51,301,933 person-years for the compar-
ison group). The cumulative incidence of psoriasis was higher in the
MetS group (P < 0.0001; log-rank test, Fig.2, A). Compared to subjects
without any MetS components, those with one or more MetS compo-
nents had a greater probability of psoriasis development in a dose-

dependent manner (P < 0.0001; log-rank test, Fig.2, B).

3.4. Incidence of psoriasis by the number of metabolic syndrome compo-

nents and obesity

The psoriasis risk increased significantly as the number of MetS com-
ponents increased in obese subjects (P for trend <0.0001) after

Associations between metabolic syndrome, components thereof, and the incidence of psoriasis.

Cases

Person-years

Incidence rate®

HR (95% CI)

Unadjusted

Model 1

Model 2

Model 3

Metabolic syndrome
Number of MetS components
0

AW =

5

Metabolic syndrome components
Elevated waist circumference
Elevated blood pressure
Elevated fasting glucose level
Reduced HDL-cholesterol level
Elevated triglyceride level

BMI (kg/m?)
<185
18.5-22.9
23-249
25-29.9
230

63,660

46,601
51,905
44,893
33,403
21,317
8940

47,286
97,263
69,609
62,720
79,856

6609
76,683
52,492
63,570
7705

18,503,023

18,137,201
18,484,625
14,680,105
10,110,838
6,009,344
2,382,839

13,590,867
30,182,944
21,629,536
19,124,666
24,295,646

2,614,928
27,497,678
17,310,693
19,973,051
2,408,604

3.44

2.57
2.81
3.05
3.30
3.54
3.75

3.48
3.22
3.21
3.28
3.29

2.53
2.79
3.03
3.18
3.20

1.23 (1.21-1.23)

1
1.09 (1.08-1.11)
119 (1.17-1.21)
1.29 (1.27-1.30)
1.38 (1.36-1.40)
1.46 (1.43-1.49)

1.22 (1.21-1.24)
1.16 (1.15-1.17)
113 (1.12-1.14)
1.15 (1.14-1.16)
1.18 (1.17-1.19)

0.91 (0.88-0.93)
1

1.09 (1.07-1.10)
1.14 (1.13-1.15)
1.15 (1.12-1.17)

1.07 (1.06-1.08)

1
0.99 (0.97-1.01)
1.01 (1.00-1.03)
1.05 (1.04-1.07)
1.09 (1.07-1.11)
1.13 (1.10-1.16)

1.11 (1.10-1.12)
0.99 (0.98-1.00)
1.00 (0.99-1.01)
1.08 (1.07-1.09)
1.06 (1.05-1.07)

0.99 (0.97-1.03)
1

1.01 (1.00-1.03)
1.05 (1.04-1.06)
1.12 (1.09-1.15)

1.07 (1.06-1.08)

1

0.99 (0.98-1.00)
1.01 (0.99-1.02)
1.05 (1.03-1.06)
1.09 (1.07-1.10)
1.12 (1.10-1.15)

1.11 (1.10-1.12)
0.99 (0.98-1.00)
1.00 (0.99-1.01)
1.08 (1.07-1.08)
1.05 (1.04-1.06)

0.99 (0.97-1.02)
1

1.02 (1.01-1.03)
1.06 (1.04-1.07)
1.12 (1.09-1.15)

1.05 (1.04-1.06)

1
0.98 (0.97-1.00)
0.99 (0.98-1.01)
1.02 (1.01-1.04)
1.06 (1.04-1.08)
1.09 (1.06-1.12)

1.11 (1.09-1.12)
0.97 (0.96-0.98)
0.99 (0.98-1.00)
1.07 (1.06-1.08)
1.04 (1.03-1.05)

Values are expressed as HRs (with 95% Cls) derived via Cox's proportional hazard regression analysis. Model 1: adjusted for age and sex; Model 2: adjusted for age, sex, smoking status,
alcohol consumption, physical activity, and household income; Model 3: adjusted for all items in model 2 plus BML... *per 1000 person-years. BMI, body mass index; CI, confidence interval;
HR, hazard ratio; MetS, metabolic syndrome.
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Fig. 2. Cumulative incidence of psoriasis by metabolic syndrome presence/absence
(A) and the number of metabolic syndrome components (B) over 8 years of follow-up. P
values were determined using the log-rank test. MetS: metabolic syndrome.

adjusting for age, sex, smoking status, alcohol consumption, exercise
status, and income (Fig. 3).

4. Discussion

This large-scale nationwide study of a general population included
2,595,878 subjects with MetS and 7,122,713 matched controls. MetS
was positively associated with an increased risk of psoriasis over the
8-year follow-up period, after adjusting for age, sex, smoking status, al-
cohol consumption, physical activity, household income, and BMI. The
risk of psoriasis trended upward as the number of MetS components in-
creased; this trend was more marked in obese subjects. Some MetS
components (elevated waist circumference and an elevated triglyceride
level, and a reduced HDL-cholesterol level) were associated with the
psoriasis risk, but neither elevated blood pressure nor fasting glucose
level was associated.

Studies have widely reported that psoriasis is associated with MetS
[16], but most research has been cross-sectional in nature, not longitu-
dinal [17-19]. A prospective cohort study from Norway reported a pos-
itive association between MetS and psoriasis development [11], but no
study has yet examined an Asian population. We found that the inci-
dence of psoriasis increased significantly in MetS subjects; a dose-
response relationship was evident, consistent with what was found in
a previous prospective study [11]. Several explanations may be ad-
vanced. First, in MetS subjects, elevated levels of inflammatory

cytokines [including tumor necrosis factor-a (TNF-av), interleukin-6
(IL-6), and plasminogen activator inhibitor-1 (PAI-1)] released by vis-
ceral fat, and decreases in the levels of adiponectin (reducing insulin-
sensitivity and anti-inflammatory action) and C-reactive protein
[20,21], may stimulate T-cell proliferation and activation, triggering
the development of inflammatory and immune-mediated psoriatic
skin lesions [22]. Second, oxidative stress, which plays a critical role in
MetS development/aggravation, may contribute to the development of
psoriasis [23] via endothelin overexpression in vascular endothelial
cells and keratinocytes, and endothelial dysfunction characterized by
reduced production of nitric oxide by endothelial cells [24]. Third, insu-
lin resistance, which plays a key role in MetS pathogenesis [25], affects
psoriasis development and severity by increasing keratinocyte prolifer-
ation and inflammation, and by upregulating various vascular adhesion
molecules [26]. Therefore, MetS management considering the severity
of the condition might reduce the incidence of psoriasis.

We found that high triglyceride and low HDL-cholesterol levels and
abdominal obesity were associated with an increased incidence of pso-
riasis, as did the previous prospective study [11]. The pathophysiology
of MetS is largely attributable to an excessive flux of circulating fatty
acids released by visceral fat, and the development of insulin resistance
[1]. The circulating fatty acids increase triglyceride production and the
secretion of very low density lipoproteins; the associated lipid/lipopro-
tein abnormalities include reductions in HDL-cholesterol levels [1]. An
overabundance of circulating fatty acids is closely linked to abdominal
obesity, and high triglyceride but low HDL-cholesterol levels. These
MetS components significantly influenced psoriasis development.

Notably, we found a negative association between elevated blood
pressure and psoriasis development. However, a study of 77,728
American females found that long-term hypertensive status (=6 years)
was associated with a risk of psoriasis [27], and hypertension was signif-
icantly associated with an increased risk of psoriasis in a population-
based cohort study of Koreans [28]. In terms of blood pressure level,
the use of a systolic blood pressure > 130 mmHg or a diastolic blood
pressure > 85 mmHg to define MetS may be associated with less psori-
asis than use of a systolic blood pressure > 140 mmHg or a diastolic
blood pressure > 90 mmHg; the use of antihypertensive medication
must also be considered. We found that a fasting glucose level
> 100 mg/dL was not associated with psoriasis development, but DM
significantly predicted psoriasis in another prospective study [29].
Therefore, further studies considering the stepped effects of elevated
fasting glucose and blood pressure levels are needed to confirm associ-
ations with psoriasis development.

Obesity is a risk factor for psoriasis development and aggravates
existing psoriasis [30,31]. We found that obese individuals were not

125

-o- Non-obese* - (QObese*

1.20
1.154

1.104

Adjusted hazard ratio

1.05+

1.00

0.95 — | T T — T T
0 1 2 3 4 5 0 1 2 3 4 5

Number of MetS components

Fig. 3. The association between the number of metabolic syndrome components and the
incidence of psoriasis by obesity status. Obesity was defined as body mass index
> 25 kg/m?. *P value <0.0001. MetS: metabolic syndrome.
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only likely to develop psoriasis, but also that the risk increased as the
number of MetS components increased, consistent with previous stud-
ies. Obese patients require careful management of both obesity per se
[32] and MetS components, and should be screened for psoriasis even
before MetS diagnosis.

In this study, aHR of psoriasis incidence for MetS was 1.05 (95% CI
1.04-1.06), and is relatively lower than that in the previous prospective
study conducted in a Norwegian population (aHR 1.66, 95% CI
1.30-2.14) [11]. The differences may be due to the prevalence gap of
psoriasis between races. The prevalence of psoriasis is lower in East
Asians than in Caucasians. The prevalence of psoriasis is estimated to
be 0.47% in China [33], 0.34% in Japan [34], 0.24% in Taiwan [35], and
0.54% in Korea [36], but is estimated to affect about 2-4% of the popula-
tion in the US and Europe [7,37]. In spite of the relatively low prevalence
of psoriasis, psoriasis has major effects on life since it is not only results
in functional and social morbidities with socioeconomic cost [38], but
also associated with an increased risk of various accompanying disease
[39,40]; thus, psoriasis has become a medical concern, and finding the
related factors as predictors of psoriasis is important.

The strengths of this study include the fact that we used nation-
wide data on the entire Korean population, performed the 8-year
longitudinal follow-up, and enrolled 2,595,878 patients with
MetS and 7,122,713 controls. This is the first large prospective
study investigating the association between MetS and its compo-
nents, and the psoriasis risk, in a representative nationwide Asian
population. The database also contained sociodemographic infor-
mation (smoking status, alcohol consumption, physical activity,
household income, and BMI), so we could adjust for confounding
factors. However, our work had certain limitations. First, MetS, pso-
riasis, hypertension, DM, and dyslipidemia were identified by ICD-
10 codes in the claims database. Therefore, coding/mismatching/
misclassification errors are possible. However, approximately 70%
of diagnostic codes on KNHIS claim records were identical to
those of medical records [12]. Second, we lacked data on the sever-
ity, involved area, types, or onset of psoriasis, and psoriasis assess-
ment tools such as Psoriasis Area and Severity Index score, or
Physician Global Assessment. Third, information was not available
on family history and medication use, which are potential con-
founders of the association. Fourth, we included only Koreans; it
is unclear whether our findings can be generalized to other
ethnicities.

5. Conclusions

We found significant positive associations between psoriasis devel-
opment and MetS and components thereof (waist circumference, and
triglyceride and HDL-cholesterol levels). MetS severity and obesity af-
fected these associations over 8 years of follow-up; MetS is a risk factor
for psoriasis development.
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