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Purpose: Comparison of risk factors and comorbidities could help indicate the underlying
mechanisms of diseases. This study aimed to compare behavioral factors and cardiometa-
bolic comorbidities of PsA/psoriasis versus healthy controls to implicate the similarities and
differences in potential pathogenic mechanisms for further research.

Patients and Methods: A case-control study in Chinese patients with PsA or psoriasis and
healthy controls was conducted. Clinical information based on patient-reported and measured
outcomes were collected. Multivariable logistic regression was used to investigate the
associations, in terms of adjusted odds ratios (AORs).

Results: We randomly selected 171 patients with PsA, 342 with psoriasis, and 1026 healthy
controls from our database, matching by age and sex. Dyslipidemia (AOR=4.62 for PsA and
2.97 for psoriasis) and alcohol drinking (AOR=3.20 for PsA and 3.62 for psoriasis) were
significantly associated with both diseases. Overweight was inversely associated with both
PsA (AOR=0.46, P=0.002) and psoriasis (AOR=0.56, P=0.001), while obesity was asso-
ciated with PsA (AOR=2.02, P=0.025) but not psoriasis (AOR=0.87, P=0.621). Subgroup
analysis by onset age of psoriatic lesions showed that former smoking was significantly
associated with early-onset psoriasis (AOR=2.44, P=0.016) but not PsA (AOR=0.59,
P=0.329). Laboratory test indicated that both PsA and psoriasis were associated with altered
lipid profile.

Conclusion: PsA and psoriasis in Chinese patients share common behavioral and cardio-
metabolic risk factors including dyslipidemia and alcohol consumption. There is a U-shape
association between BMI and PsA/psoriasis.
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Introduction

Psoriatic disease is a chronic, systemic inflammatory disease that may afflict skin
(psoriasis), joints (psoriatic arthritis) and several other organs such as cardiovas-
cular system, respiratory system, and gastrointestinal system, configuring the wide
burden of psoriasis-related comorbidities. The prevalence rate varies from 0.5% to
11.4% globally.' Psoriasis vulgaris is the most common type of psoriasis, and up
to 30% patients with psoriasis will develop psoriatic arthritis (PsA).** Remarkably,
both chronic systemic inflammation and life styles contribute to create and maintain
metabolic disturbance, such as metabolic syndrome or dyslipidemia and diabetes.
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As a result, identification and management of these factors
are crucial for improving disease outcomes and health-
related quality of life of the patients, especially for PsA.
PsA can cause destruction of the joint structure, and is
associated with many other diseases. Moreover, a much
lower treatment response will be formed if a delay in
diagnosis by only 6 months.® However, previous findings
were inconsistent with respect to the factors for PsA and
psoriasis owing to differences in study design, sample size,
genetic backgrounds, the region of study population, and
relevant data from China are rare. Therefore, in the current
case-control study, we enrolled patients with psoriasis or
PsA and psoriasis-free cohort participants in China, and
compared the behavioral factors and cardiometabolic
comorbidities of psoriatic arthritis versus psoriasis.

Patients and Methods
Study Design and Participants

This was a case-control study in Chinese patients with PsA
or psoriasis and healthy controls. A total of 171 patients
with PsA and 342 patients with psoriasis who were initi-
ally admitted to the dermatology department of Xiangya
Hospital from 1 July 2016 to 24 July 2019 were consecu-
tively enrolled. Each diagnosis was confirmed by two or
more experienced dermatologist or rheumatologist. Skin
biopsy or dermatoscope was used in partial cases who
were difficult to diagnose. Diagnosis of PsA was based
on the Criteria of the Classification of Psoriatic Arthritis.”
Patients were excluded if they were referred from another
hospital. The healthy controls consisted of 1026 partici-
pants from a community-based prospective cohort study.
The healthy controls were excluded if they reported
a history of psoriasis or arthritis. The ratio of PsA, psor-
iasis, and healthy controls were 1:2:6, matching for sex
and age (£ 2.5 years). All participants were informed about
the purpose of the study, and a consent form was signed by
all participants. The study followed the Declaration of
Helsinki and was approved by the institutional research
ethics boards of Xiangya Hospital.

Data Collection

Clinical information included age, sex, education level,
comorbidities, cigarette smoking, and alcohol drinking
were  collected  through  face-to-face  interview.
Comorbidities were determined by self-reporting on his-
tory of disease or medication use, and/or laboratory tests.

Laboratory cut-offs for diseases are listed as followings.

Dyslipidemia was defined as triglycerides (TG) >2.3
mmol/L (normal <1.7 mmol/L), total cholesterol (TC)
>6.2mmol/L (normal <5.2 mmol/L), low-density lipopro-
tein cholesterol (LDLc) >4.1 mmol/L (normal <3.4 mmol/
L), or high-density lipoprotein cholesterol (HDLc)
<1.0mmol/L (normal range: 1.04 to 1.55 mmol/L) based
on the Chinese Guideline for the Management of
Dyslipidemia in Adults in 2016.® Hypertension was
defined as blood pressure >140/90 mmHg based on the
Chinese Guidelines for the Management of Hypertension
in 2010.” Diabetes was defined as fasting blood glucose
(FBG) >7.0mmol/L based on the 1999 WHO diagnostic
criteria (normal range: 3.9 to 6.1 mmol/L). Height and
weight were measured in a standard way by a research
nurse. Body mass index (BMI) was calculated as weight
(kg)/height squared (m?). Overweight and obesity were
defined by the BMI cut-offs of 24 and 28 kg/m?
respectively.'® We categorized patients who developed
psoriatic lesions prior to 40 years old as early onset, and
after 40 years old as late onset. Laboratory data for com-
parison included FBG, TC, TG, HDLc, and LDLc, and
samples with missing values in laboratory test were
excluded from the analysis.

Statistical Analysis
Continuous variables with normal distribution were
expressed as mean + standard deviation (SD), and com-
pared with analysis of variance (ANOVA). Continuous
data with skewed distribution were presented as median
(interquartile range, IQR), and compared with Mann—
Whitney rank sum test. Categorical variables were sum-
marized as counts (percentages) and compared using the
chi-square test or Fisher’s exact test. The associations of
PsA or psoriasis with outcomes were assessed by multi-
variable logistic regression with adjustments for potential
confounders. Odds ratio (OR) and 95% confidence interval
were used to present the effect size of the associations.
P value less than 0.05 was considered statistically signifi-
cant. The data were analyzed with SPSS 23 (IBM, SPSS
Statistics 23).

Results
Characteristics of the Cases and Healthy

Controls

We randomly selected 171 patients with psoriatic arthritis,
342 patients with psoriasis, and 1026 healthy controls
from our databases, respectively, matching for sex and
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Table | Characteristics of the Patients with PsA or Psoriasis and Healthy Controls
Control Psoriatic Arthritis Psoriasis
Characteristics n (%) n (%) P n (%) P
Age (meanSD) 46.5+12.7 46.3+12.1 0.814 46.6+12.8 0.933
Female 384 (37.4) 64 (37.4) 1.000 128 (37.4) 1.000
Education <0.001 <0.001
Primary/middle school 39 (3.8) 90 (52.6) 168 (49.1)
High school 102 (9.9) 32 (18.7) 76 (22.2)
College or above 885 (86.3) 49 (28.7) 98 (28.7)
Comorbidities
Coronary artery disease 9 (0.9) 7 (4.1) 0.004 6 (1.8) 0.226
Hypertension 112 (10.9) 42 (24.6) <0.001 64 (18.7) <0.001
Dyslipidemia 55 (54) 46 (26.9) <0.001 78 (22.8) <0.001
Diabetes 57 (5.6) 24 (14.0) <0.001 49 (14.3) <0.001
Smoking <0.001 <0.001
No 804 (78.4) 108 (63.2) 188 (55.0)
Former 35(34) 18 (10.5) 44 (12.7)
Current 187 (18.2) 45 (26.3) 110 (32.3)
Alcohol drinking <0.001 <0.001
No 903 (86.7) 114 (66.7) 210 (61.4)
Yes 123 (13.3) 57 (33.3) 132 (38.6)
Body Mass Index (kg/m?) 0.038 0.315
<24 540 (52.6) 93 (54.4) 193 (56.4)
24-27.9 392 (38.2) 53 31.0) 115 (33.6)
228 94 (9.2) 25 (14.6) 34 (10.0)

Note: P value by univariate logistic regression model.

age. The mean age of the subjects was 46.5+12.7 years,
and 37.4% were women. Characteristics of the patients
and healthy controls are shown in Table 1. Educational
level, comorbidities, smoking and drinking behaviors, and
BMI were significantly different across the groups
(P<0.05).

Comparison of Cardiometabolic and

Behavioral Factors

Table 2 shows the crude ORs and adjusted ORs (AORs)
of the potential behavioral risk factors and cardiometa-
bolic comorbidities in association with PsA and psoria-
sis. The proportion of comorbidities in the case group
was higher than that in the healthy control group in
general. Compared with the healthy controls, the propor-
tion of dyslipidemia was significantly higher in both
diseases with different effect sizes (AOR=4.62 for PsA
and 2.97 for psoriasis). Significant difference was not

found for cigarette smoking in the cases compared to
the healthy controls (P>0.05). Alcohol drinking was
significantly associated with both diseases with similar
effect sizes (AOR=3.20 for PsA and 3.62 for psoriasis).
Overweight was negatively associated with both PsA
(AOR=0.46; 95% CI: 0.28-0.74; P=0.002) and psoriasis
(AOR=0.56; 95% CI: 0.39-0.79; P=0.001), while obe-
sity was positively associated with PsA (AOR=2.02;
95% CI: 1.09-3.74; P=0.025) but not
(AOR=0.87; 95% CI: 0.50-1.51; P=0.621).

psoriasis

Subgroup Analysis by Disease Onset

Subgroup analysis for the associations of PsA and
psoriasis with cardiometabolic and behavioral factors
by psoriatic lesions onset is presented in Table 3.
Early-onset group of both diseases shared cardiometa-
bolic and behavioral risk factors including dyslipidemia
and alcohol drinking. Early-onset psoriasis was nega-
(AOR=0.33,

tively associated with hypertension
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Table 3 Subgroup Analysis for the Associations of PsA and Psoriasis with Cardiometabolic and Behavioral Factors by Disease Onset

Psoriatic Arthritis Psoriasis
Early-Onset Late-Onset Early-Onset Late-Onset

Variables AOR (95% CI)* P AOR (95% CI)* P AOR (95% CI)® P AOR (95% CI)® P
Comorbidities

Coronary 0.95 (0.14, 6.29) 0.953 5.10 (1.14, 22.78) 0.033 NA 3.56 (0.90, 14.07) 0.071
artery disease

Hypertension 0.87 (0.46, 1.65) 0.677 1.54 (0.68, 3.46) 0.298 0.33 (0.17, 0.64) 0.001 1.99 (1.16, 3.41) 0.013

Dyslipidemia 4.12 (2.16, 7.84) <0.001 | 5.19 (2.23, 12.10) | <0.001 3.21 (1.82, 5.65) <0.001 2.99 (1.54, 5.79) 0.001

Diabetes 0.59 (0.25, 1.40) 0.229 1.79 (0.68, 4.69) 0.239 0.44 (0.20, 0.97) 0.041 2.03 (1.06, 3.89) 0.032
Smoking

Non-smoker | | | |

Former 0.59 (0.20, 1.70) 0.329 0.90 (0.26, 3.16) 0.871 2.44 (1.18, 5.02) 0.016 0.90 (0.32, 2.51) 0.845

Current 1.12 (0.61, 2.04) 0.713 0.94 (0.39, 2.29) 0.891 1.10 (0.68, 1.79) 0.697 1.40 (0.75, 2.58) 0.289
Alcohol drinking 2.90 (1.61, 5.20) <0.001 3.29 (1.96, 5.51) <0.001 3.27 (2.05, 5.22) <0.001 3.46 (1.92, 6.24) <0.001
Body Mass Index
(kg/m?)

<24 1.46 (0.90, 2.36) 0.126 2.11 (1.05, 4.25) 0.036 1.66 (1.13, 2.45) 0.010 1.83 (1.12, 3.00) 0.016

24-27.9 0.48 (0.28, 0.84) 0.010 0.46 (0.28, 0.74) 0.002 0.59 (0.40 0.89) 0.012 0.53 (0.31, 0.89) 0.015

228 2.57 (1.34, 4.92) 0.004 1.07 (0.33, 3.46) 0916 0.90 (0.47, 1.74) 0.760 0.91 (0.40, 2.07) 0.823

Notes: *Compared with the general population, adjusted for educational level, comorbidities, smoking, alcohol drinking and BMI; ®compared with the general population,
adjusted for educational level, hypertension, dyslipidemia, diabetes, smoking and alcohol drinking.
Abbreviations: OR, unadjusted odds ratio; AOR, adjusted odds ratio; Cl, confidence interval; BMI, body mass index; NA, not estimable.

P=0.001) and diabetes (AOR=0.44, P=0.041). Former
cigarette smoking was significantly associated with
early-onset psoriasis (AOR=2.44; 95% CI: 1.18-5.02;
P=0.016) but not early-onset PsA (AOR=0.59; 95% CI:
0.20-1.70; P=0.329). Overweight was negatively asso-
ciated with early-onset group of both diseases
(AOR=0.48 for PsA and 0.59 for psoriasis), while
obesity was associated with early-onset PsA
(AOR=2.57; 95% CI: 1.34-4.92; P=0.004) but not
psoriasis (AOR=0.90; 95% CI: 0.47-1.74; P=0.760).

Similarly, late-onset group of both diseases shared cardio-
metabolic and behavioral risk factors including dyslipidemia
and alcohol drinking. Late-onset PsA was associated with
coronary artery disease (AOR=5.10, P=0.033), while late-
onset psoriasis was positively associated with hypertension
(AOR=1.99, P=0.013) and diabetes (AOR=2.03, P=0.032).
Overweight was negatively associated with late-onset group
of both diseases (AOR=0.46 for PsA and 0.53 for psoriasis).
Significant differences were not found for cigarette smoking
and obesity in late-onset group of both diseases (P>0.05).

Table 4 Comparison of Fasting Blood Glucose and Lipid Profile Between PsA and Psoriasis

Healthy Control Psoriatic Arthritis Psoriasis
Variables Median (IQR) Median (IQR) AOR (95% CI)® P Median (IQR) AOR (95% CI)® P
FBG, mmol/L 5.40 (5.10, 5.79) 5.41 (4.90, 6.03) 0.95(0.81, 1.12) 0.544 5.53 (5.14, 6.23) 0.96 (0.92, 1.59) 0.573
TC, mmol/L 5.03 (4.40, 5.51) 5.12 (4.47, 6.00) 1.30 (0.96, 1.75) 0.087 5.20 (449, 5.97) 1.21 (0.74, 1.37) 0.173
TG, mmol/L 1.27 (0.87, 1.91) 1.78 (1.35, 2.39) 1.14 (0.99, 1.30) 0.062 1.67 (1.21, 2.33) 1.06 (0.91, 1.24) 0.430
HDLc, mmol/L 1.31 (1.14, 1.56) 1.16 (1.01, 1.28) 0.03 (0.01, 0.10) <0.001 1.15 (0.99, 1.36) 0.33 (0.13, 0.82) 0.017
LDLc, mmol/L 2.89 (2.45, 3.60) 3.32 (274, 3.77) 2.09 (1.45, 3.02) <0.001 3.33 (2.75, 3.79) 1.97 (1.42, 2.74) <0.001

Notes: *Adjusted for educational level, smoking, alcohol drinking and BMI; Padjusted for educational level, smoking and alcohol drinking.
Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval; BMI, body mass index; FBG, fasting blood glucose; TC, total cholesterol; TG, triglycerides; HDLc, high-

density lipoprotein cholesterol; LDLc, low-density lipoprotein cholesterol.
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Comparison of Fasting Blood Glucose
and Lipid Profile

A comparison of fasting blood glucose and lipid profile
between cases and healthy controls is presented in Table 4.
The level of HDLc was significantly lower in both dis-
eases with different effect sizes (AOR=0.03 for PsA and
0.33 for psoriasis). On the contrary, the level of LDLc was
higher in both diseases with similar effect sizes
(AOR=2.09 for PsA and 1.97 for psoriasis). There were
no significant differences in the level of FBG, TG, and TC
across the groups (P>0.05). Subgroup analysis by early or
late onset of psoriatic lesions showed consistent results in
general.

Discussion

By comparing behavioral risk factors and cardiometabolic
comorbidities of psoriatic arthritis and psoriasis in Chinese
patients, we found that dyslipidemia, and alcohol drinking
were common cardiometabolic and behavioral risk factors
for PsA and psoriasis. In contrast, former cigarette smok-
ing was associated with early-onset psoriasis not but PsA.
Overweight was negatively associated with both diseases,
while obesity was positively correlated with PsA. Lower
HDLc and higher LDLc were observed in both diseases
compared with the healthy controls.

Accumulated evidence demonstrates that PsA and
psoriasis are associated with many comorbidities, such as
hypertension, dyslipidemia, diabetes.'* In our study,
dyslipidemia was positively associated with both diseases,
and a greater effect size was found in PsA than psoriasis.
Diabetes was more common in late-onset psoriasis, which
is consistent with a previous study.'* However, an inverse
association was found for hypertension and diabetes in
early-onset psoriasis. The difference may be explained by
the bias of patient-reported measurement. In addition, the
underlying pathophysiologic differences between early-
and late-onset group of PsA/psoriasis are implied.

Former cigarette smoking was only associated with
early-onset psoriasis but not PsA in our study. Many
studies showed the positive association between smoking
and psoriasis.”>™'” But an inverse relationship was pre-
viously reported between smoking and the development
of PsA in the patients with psoriasis, which has been
referred as the “smoking paradox” of PsA.'®! However,
the so-called paradox had been documented that a collider
bias may result in the observed association.”° In addition,
the differences in the patient subgroups may be another

explanation for the controversial results about smoking
and its effects on the disease.

The association between alcohol consumption and
psoriasis was controversial. Murzaku et al found that
excessive alcohol intake was significantly associated with
psoriasis severity and poor treatment efficacy.”' However,
a study from a Taiwanese population-based cohort study
revealed that alcohol is not associated with the risk of
psoriasis,'” while a cohort study of US women indicated
that those who took excessive alcohol had an increased
risk of PsA.*? Our study conclusion supports that alcohol
consumption was positively associated with PsA/psoriasis,
and a stronger association was found between alcohol
consumption and psoriasis than PsA. The association
between alcohol and psoriatic diseases is difficult to assess
owing to the recall bias and measurement error of the
volume and type of alcohol drinks.

Patients with PsA had a significantly higher proportion
of obesity in our study, but a lower proportion of over-
weight was observed in PsA/psoriasis. A U-shaped asso-
ciation between BMI and PsA/psoriasis was suggested in
our study, which revealed differential effects of adiposity
on PsA/psoriasis. Many studies have indicated that obesity
was associated with PsA and psoriasis.'”**?® Previous
studies manifested gut microbiota were related to PsA/

psoriasis,””

and the diversity of the gut microbiota was
different in different body sizes.’>*! As is well known,
psoriasis is intertwined with metabolic disorders.
Therefore, besides the gut microbiota, metabolic factors
also probably play roles in the association between BMI
and PsA/psoriasis. In addition, BMI is usually used to
assess the degree of body fat; however, BMI might not
12> A study from Korea

found that man with normal BMI and high waist circum-

reflect body fat distribution wel

ference (WC) had the highest risk of psoriasis.** Relevant
mechanism needs further investigation.

The laboratory examination results from our data indi-
cated higher levels of LDLc and lower levels of HDLc in
the cases than the healthy controls, and PsA had a stronger
effect on the serum lipid levels than psoriasis; this is
consistent with the findings in other studies.'*** Analysis
of the laboratory data is consistent with the finding that
dyslipidemia was a risk factors for PsA and psoriasis.

The limitations of the study included the impossibility
to account for previously considered factors that in the
present are not collected, a lack of generalizability to non-
Chinese patients, a lack of psoriasis severity information
which should be adjusted, and interfered laboratory
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examination results due to the treatment for PsA/psoriasis
or the comorbidities.

Conclusion

PsA and psoriasis in Chinese patients share common beha-
vioral and cardiometabolic risk factors including dyslipi-
demia and alcohol consumption. The U-shape association
between BMI and PsA/psoriasis needs further validation
and research for its mechanism.
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