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ABSTRACT

Introduction: The objective of this study is to
identify the potential risk factors for progres-
sion from subclinical to clinical psoriatic
arthritis (PsA).
Methods: A retrospective, longitudinal,
case–control study was conducted at a single
hospital, including 25 patients with clinically
confirmed PsA in the case group and 137 con-
trols without confirmed PsA. All patients in
both groups had a medical history of subclinical
PsA. Various baseline covariates were collected

from all patients when they had a status of
subclinical PsA. Univariate, multivariate, strati-
fied, and interaction analyses were employed to
identify potential risk factors of transiting to
clinical PsA from subclinical PsA.
Results: In multivariate logistic regression
analysis, older age (OR 10.15, 95% CI
2.79–36.91, p = 0.00), alcohol drinking (OR 3.43,
95% CI 1.17–10.12, p = 0.03), elevated high-
sensitivity C-reactive protein (hs-CRP) (OR 1.05,
95% CI 1.01–1.09, p = 0.03) were identified as
risk factors for transition from subclinical to
clinical PsA. Stratified and logistic regression
analyses suggest a significant interaction
between age and fatty liver. For patients aged less
than 45 years old, the association between fatty
liver and clinical PsA was statistically significant.Yiyi Wang, Li Ding and Jihui Chen contributed equally

to this work.
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Conclusions: Older age, alcohol drinking, ele-
vated hs-CRP, and the presence of fatty liver at
less than 45 years old appear to increase the risk
of transition from subclinical to clinical PsA.
These findings call for a need to manage these risk
factors.

Keywords: Disease progression; Psoriatic
arthritis; Risk factors

Key Summary Points

At present, early diagnosis and
intervention are considered to be effective
means for delaying the progression of PsA.

Recently, the focus of research has shifted
to identifying and even treating psoriasis
patients at increased risk of transiting into
PsA.

The objective of this study is to identify
the potential risk factors for progression
from subclinical to clinical phase psoriatic
arthritis (PsA).

Our study showed drinking, older age,
suffering from fatty liver with less than
45 years old, and elevated hs-CRP level
might be correlated with an increased risk
of developing clinical PsA among psoriasis
patients complicated with subclinical PsA.

Fatty liver screening could be performed
after a patient is diagnosed with subclinical
PsA, especially for young patients.
Moreover, patients with subclinical PsA
should drink appropriately. Inflammation
should be controlled if the patient has
elevated hs-CRP.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14055191.

INTRODUCTION

Psoriatic arthritis (PsA) is an immune-mediated
chronic systemic arthritis with a prevalence of
30% among psoriasis patients [1]. The main
clinical manifestations of PsA include periph-
eral arthritis, axial spondylarthritis, enthesitis,
and dactylitis. These symptoms can occur alone
or in combination with each other. Most
patients with PsA have peripheral involvement,
while less than 5% of them present solely axial
involvement [2, 3]. Patients with PsA com-
monly have a serious decline in living quality
and life expectancy due to arthralgia, fatigue,
psychological stress, and various complications
[4]. The presence of strong clinical heterogene-
ity and complicated pathogenesis has made the
early diagnosis of PsA very challenging. There is
still no universally accepted diagnostic criterion
for PsA since it was categorized as an indepen-
dent disease by the American College of
Rheumatology in 1964 [5]. At present, the
classification Criteria for Psoriatic Arthritis
(CASPAR) [6] have been widely applied in clin-
ical studies of PsA, owing largely to their high
sensitivity and specificity [7]. However, it was
originally put forward based on PsA patients
with chronic conditions and requiring the
presence of an inflammatory musculoskeletal
precondition. Thus, the CASPAR criteria are not
suitable for the diagnosis of early PsA.

In terms of treatment, a variety of biological
agents and small molecular drugs have proven
effects in curing skin lesions in patients with
psoriasis. However, their curative effects on
arthritis in patients with PsA are not satisfac-
tory. In phase 3 clinical trials of many biological
agents, more than half of the PsA patients failed
to achieve the American College of Rheuma-
tology 20 (ACR20) response rate [8–11]. Given
that multiple inflammatory pathways have
been activated before the onset of clinical
symptoms, it is likely that once musculoskeletal
symptoms occur, drug treatment may not
improve the long-term clinical outcome [12].
Furthermore, the majority of PsA patients have
skin lesions preceding arthritis by an average of
7 years [13]. This long progression course pro-
vides an opportunity to initiate early

586 Rheumatol Ther (2021) 8:585–597

https://doi.org/10.6084/m9.figshare.14055191
https://doi.org/10.6084/m9.figshare.14055191


interventions to slow down the arthropathy
process. Accordingly, over the past decade,
increasing efforts have been devoted to identi-
fying the risk factors of developing PsA.

Recent imaging studies have documented
various preclinical changes in the muscu-
loskeletal system in psoriasis patients with only
skin lesions (PsO) in the absence of overt symp-
toms related to inflammatory arthropathy [12].
These findings have put forward the concept of
subclinical PsA. Patients at a status of subclinical
PsA have imaging abnormalities (such as syn-
ovitis, enthesitis, or early erosions detected by
musculoskeletal ultrasound or magnetic reso-
nance imaging) but do not have any apparent
symptoms and signs of arthritis [12]. Although
numerous studies have proposed several risk
factors for transiting to PsA, they mostly focused
on differentiating between PsO and PsA other
than between subclinical PsA and clinical PsA.

The primary objective of this study is to
identify the potential risk factors for progres-
sion from subclinical to clinical PsA.

METHODS

Study Design and Patient Population

This is a retrospective case–control study with a
longitudinal design, including a case group and
a control group. All patients came from the
Department of Dermatology, West China
Hospital, Sichuan University between February
2016 and December 2019, and met the inclu-
sion criteria described below. At initial enroll-
ment, all patients in the case group had
clinically confirmed PsA (defined below) while
all control patients had subclinical PsA (defined
below). All patients in both groups were fol-
lowed backwards in their clinical record to the
first diagnosis of subclinical PsA. The total fol-
low-up intervals ranged from 1.5 years to
5.5 years, with a mean of 2.4 years.

All procedures performed in studies involv-
ing human participants were in compliance
with the ethical standards of the institutional
and/or national research committee and with
the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.

The study was approved by the ethics commit-
tee of West China Hospital, Sichuan University
(approval number: 2015(308)). Each participat-
ing patient signed an informed consent form.

Definition of PsA and Subclinical PsA

The classification of PsA was based on the CAS-
PAR criteria [6], in which patients with inflam-
matory musculoskeletal disease must attain a
score C 3 among the following five categories:
evidence of psoriasis (current psoriasis, a per-
sonal history of psoriasis, or a family history of
psoriasis), presence of psoriatic nail dystrophy, a
negative test for rheumatoid factor, dactylitis,
and radiographic evidence of juxta-articular new
bone formation. Psoriatic patients without pos-
itive symptoms and signs of arthritis but with
abnormal musculoskeletal ultrasound changes
(synovio-entheseal inflammation or early ero-
sions) were defined as subclinical PsA [12].
According to the Outcome Measures in
Rheumatology Clinical Trials [14], enthesitis
was identified as abnormally hypoechoic (loss of
normal fibrillar architecture) and/or thickened
tendon or ligament at its bony attachment (may
occasionally contain hyperechoic foci consis-
tent with calcification), seen in two perpendic-
ular planes with Doppler signals and/or bony
changes including enthesophytes, erosions, or
irregularity. Synovitis is characterized on grays-
cale ultrasound by intra-articular tissue that is
abnormally thickened, hypoechoic or anechoic
(relative to subdermal fat), non-displaceable,
and poorly compressible. Bone erosion was
identified with ultrasound based on the intra-
articular discontinuity of the bone surface
which is visible in two perpendicular planes.

Inclusion and Exclusion Criteria

Patients were enrolled when all the following
inclusion criteria were met: (i) aged 18–65 years
with no gender restriction; (ii) an established
diagnosis of psoriasis confirmed by two derma-
tologists; (iii) a previous diagnosis of subclinical
PsA as defined above. Patients were excluded if
they met the following exclusion criteria: (i) a
diagnosis of other arthritis including
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rheumatoid arthritis, osteoarthritis, gouty
arthritis, ankylosing spondylitis, and similar
conditions; (ii) presence of hematological sys-
tem diseases and malignant tumors; (iii) pres-
ence of serious hepatic dysfunction, renal
dysfunction, or other visceral organ dysfunc-
tion; (iv) pregnant or in lactation; (v) absence of
clinical record required in this study.

Data Collection and Clinical Evaluation

In addition to the data collected at the initial
enrollment as described above, baseline data
were collected in the first diagnosis of subclini-
cal PsA for all patients in the case group and
control group through the Hospital Informa-
tion System (HIS) in our hospital. Any required
information missing in HIS was inquired
through a telephone interview with patients by
an experienced dermatologist. We excluded
patients from whom any required information
could not be traced. The details of demographic
and clinical information for all patients are
summarized in Table 1.

Regarding clinical characteristics, we focused
on the skin, nail, scalp, disease course, system-
atic medicine, family history, and comorbidi-
ties. The Psoriasis Area and Severity Index (PASI)
was used to assess psoriasis severity. At least two
dermatologists evaluated the involvement of
nails and scalp in each patient and classification
of the psoriasis subtype based on medical
records including original images on the affec-
ted areas taken at the first diagnosis of subclin-
ical PsA. For the disease progression course, age
at psoriasis onset, duration of psoriasis disease,
and time of progression were recorded. Time of
progression refers to the interval from the first
diagnosis of subclinical PsA to the confirmation
of clinical PsA for the case group and from the
first diagnosis of subclinical PsA to the inclusion
in this study for the control group. Systematic
medication refers to oral administration of any
drugs during the time of progression, including
disease-modifying antirheumatic drugs, retinoic
acid, biological agents, and non-steroidal anti-
inflammatory drugs. All comorbidities were
diagnosed according to the corresponding
guidelines [15–20]. Fatty liver was detected by

ultrasound according to the reported criteria
[21]. Musculoskeletal ultrasound abnormalities
were detected by two experienced sonographers
based on images from grayscale and power
Doppler ultrasound (Philips IU22).

All routine laboratory tests were conducted
in the Department of Laboratory Medicine in
our hospital. The normal reference ranges are as
follows: high-sensitivity C-reactive protein (hs-
CRP)\3.5 mg/l, tumor necrosis factor-a (TNF-
a)\30 fmol/ml, erythrocyte sedimentation
rate (ESR)\ 21 mm/h, neutrophils 1.8–6.3 109/
l, lymphocytes 1.1–3.2 109/l, uric acid 240–490
lmol/l, Ca ? 2.11–2.52 mmol/l, triglyceride
0.29–1.83 mmol/l, cholesterol 2.80–5.70 mmol/
l and blood glucose 3.90–5.90 mmol/l. We cal-
culated the quartile of hs-CRP in the study
patient population. The upper quartile was
defined as the high hs-CRP, while the lower
quartile was defined as the low hs-CRP.

In addition, we collected data concerning
patients’ lifestyles, including alcohol drinking,
smoking, sleeping habits, stress, and exercise
activities. Alcohol consumption was categorized
as following a previous report [22], including
non-drinkers (\12-g alcohol intake per month)
and drinkers (C 12-g alcohol intake per month).
Regular smokers were defined as smoking any
tobacco product at least once a day according to
the World Health Organization definition [23].
Sleep disorder was defined as any disorder that
affects, disrupts, or involves sleep [24]. Stress
was defined as any type of impact that causes
physical, emotional, or psychological strain.
Regular exercise was defined as any kind of
recreational or sport physical activities for at
least 7 h per week or at least 3 times per week.

Statistical Analysis

The continuous variables were expressed as
mean ± standard deviation (SD) or median and
interquartile range (IQR), while categorical
variables were expressed as proportions (%). We
used Student’s t test for normally distributed
data with uniform variance, Welch’s t test for
normally distributed data with nonuniform
variance, and Mann–Whitney test for nonnor-
mally distributed data. Pearson Chi-square test
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Table 1 Differences of demographic and clinical characteristics between the case and control groups

Variables Control group (n = 137) Case group (n = 25) P value

Demographics

Age, mean (SD), years 38.0 (± 11.2) 46.8 (± 10.8) 0.00

Gender, male, n (%) 107 (78.1) 19 (76.0) 0.82

BMI, mean (SD), kg/m2, 25.0 (± 4.2) 24.7 (± 3.5) 0.76

Lifestyles and blood pressure

Regular smoker, n (%) 67 (48.9) 12 (48.0) 0.93

Alcohol drinking, n (%) 31 (22.6) 10 (40.0) 0.07

Sleep disorder, n (%) 48 (35.0) 8 (32.0) 0.77

Self-perceived stress, n (%) 94 (68.6) 14 (56.0) 0.32

Exercise regularly, n (%) 50 (36.5) 6 (24.0) 0.33

Systolic blood pressure, mean (SD), mmHg 127.0 (± 15.8) 123.2 (± 14.2) 0.27

Diastolic blood pressure, mean (SD), mmHg 80.1 (± 10.5) 77.7 (± 10.2) 0.30

Disease-specific features

Age at psoriasis onset, mean (SD), years 26.8 (± 10.0) 34.8 (± 12.1) 0.00

Psoriasis disease duration, mean (SD), years 11.2 (± 8.1) 12.0 (± 9.8) 0.64

Time of progression, mean (SD), years 2.4 (± 1.4) 2.4 (± 1.0) 0.98

PASI score, mean (SD) 19.6 (± 9.8) 24.5 (± 12.5) 0.03

Family history of psoriasis, n (%) 25 (18.3) 3 (12.0) 0.64

Only plaque psoriasis, n (%) 115 (83.9) 19 (76.0) 0.50

Complicated with pustular or erythrodermic

psoriasis, n (%)

22 (16.1) 6 (24.0) 0.50

Systematic medication, n (%) 84 (61.3) 17 (68.0) 0.53

Scalp involvement, n (%) 84 (61.3) 18 (72.0) 0.43

Nail involvement, n (%) 68 (49.6) 15 (60.0) 0.34

Comorbidities

Hypertension, n (%) 23 (16.8) 4 (16.0) 1.00

Diabetes, n (%) 12 (8.8) 1 (4.0) 0.69

Fatty liver, n (%) 38 (27.7) 11 (44.0) 0.10

Hyperlipidemia, n (%) 25 (18.3) 1 (4.0) 0.14

Hyperuricemia, n (%) 23 (16.8) 2 (8.0) 0.41

Metabolic syndrome, n (%) 5 (3.7) 1 (4.0) 1.00

Musculoskeletal ultrasound abnormalities

Enthesitis, n (%) 72 (52.6) 14 (56.0) 0.75
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or Fisher’s exact test was used for comparing
categorical outcomes. Mann–Whitney test was
employed for ranked data. The alpha level was
set to 0.05 with all tests two-sided. A
p value\0.05 was considered statistically sig-
nificant. Univariate logistic regression was used
to calculate the odds ratio (OR) between inde-
pendent variables and outcome. Moreover, we
compared patients having a high hs-CRP with
those having a low hs-CRP and calculated the
OR. After selecting clinically meaningful vari-
ables based on expert knowledge and previous
research [12], we conducted a multivariate
logistic regression model using the binary
logistic regression method. The variable
screening method was backward selection. In

our previous report [25], and recent unpub-
lished observations, there were substantial dif-
ferences in clinical characteristics (e.g.,
musculoskeletal ultrasound abnormalities and
the prevalence of comorbidities) between young
and middle-aged patients with psoriasis. To
control the heterogeneity caused by age, we
stratified patients into youth (B 45 years) and
middle-aged ([ 45 years) layers. We further
employed Breslow-Day and Tarone methods to
check the consistency of OR values in each layer
and verified interaction between fatty liver and
age. Ultimately, five variables were selected
based on suggestions from clinical experts to
establish the final model. All analyses were
performed using SPSS software (version 26.0). R

Table 1 continued

Variables Control group (n = 137) Case group (n = 25) P value

Synovitis, n (%) 38 (27.7) 8 (32.0) 0.66

Joint effusion, n (%) 72 (52.6) 11 (44.0) 0.43

Tenosynovitis, n (%) 4 (2.9) 3 (12.0) 0.13

Bursitis, n (%) 7 (5.1) 1 (4.0) 1.00

Nail lesions, n (%) 41 (29.9) 10 (40.0) 0.32

Laboratory tests

hs-CRP, median (IQR), mg/l 8.0 (2.0–8.0) 8.0 (3.6–13.1) 0.18

TNF-a, median (IQR), pg/ml 15.9 (12.3–15.9) 15.9 (12.8–15.9) 0.42

ESR, median (IQR), mm/h 19.6 (15.0–19.6) 19.6 (19.6–19.6) 0.18

Neutrophils, mean (SD), 109/l 4.5 (± 1.4) 4.1 (± 1.5) 0.24

Lymphocytes, mean (SD), 109/l 1.7 (± 0.5) 1.5 (± 0.6) 0.01

NLR, mean (SD) 2.8 (± 1.2) 3.2 (± 1.6) 0.12

Uric acid, mean (SD), lmol/l 394.0 (± 103.8) 384.3 (± 98.2) 0.67

Ca?, mean (SD), mmol/l 2.3 (± 0.1) 2.3 (± 0.2) 0.44

Triglycerides, mean (SD), mmol/l 1.7 (± 0.9) 1.9 (± 1.2) 0.43

Cholesterol, mean (SD), mmol/l 4.0 (± 1.0) 4.4 (± 0.9) 0.05

Blood glucose, mean (SD), mmol/l 6.1 (± 2.6) 5.4 (± 1.2) 0.03

BMI body mass index, PASI Psoriasis Area and Severity Index, hs-CRP high-sensitivity C-reactive protein, TNF-a tumor
necrosis factor-a, ESR erythrocyte sedimentation rate, NLR neutrophil-to-lymphocyte ratio

590 Rheumatol Ther (2021) 8:585–597



software (version 4.0.2) was used for mapping a
forest plot.

RESULTS

Demographic and Clinical Characteristics
of Patients

A total of 162 psoriasis patients who met study
criteria were enrolled. Among them, 137 were
classified as the control group, while 25 were
classified as the case group. Their demographics
and clinical characteristics are summarized in
Table 1.

Results of Univariate Logistic Regression
Analysis

Univariate logistic regression analysis was
employed to explore which variables might be
associated with the progression from subclinical
to clinical PsA. This analysis demonstrated that
odds for transition to clinical PsA per year of
age, per unit of lymphocyte, per unit of PASI are
1.07 (95% CI 1.03, 1.12), 0.27 (95% CI 0.10,
0.75), 1.04 (95% CI 1.00, 1.08), respectively
(Fig. 1). Compared to patients who have low hs-
CRP, patients with high hs-CRP have a 2–37
higher odds (OR 8.77, 95% CI 2.06, 37.40) to
transit from subclinical to clinical PsA.

Establishment of a Multivariable Logistic
Regression Model

Based on expert knowledge and previous
research [12], age, gender, alcohol drinking,
PASI score, scalp involvement, nail involve-
ment, and hs-CRP were selected. The backward
selection was used for modeling, and the result
is presented in Table 2. Alcohol drinking versus
not leads to a 1.11 to ninefold increased risk to
transit from subclinical to clinical PsA (OR 3.26,
95% CI 1.11, 9.54). Whereas, the odds ratios for
transition to clinical PsA per year of age and per
unit of hs-CRP are 1.08 (95% CI 1.03, 1.12) and
1.04 (95% CI 1.01, 1.08), respectively.

Stratified Analysis Based on Age

To control the heterogeneity caused by age, we
stratified patients into youth (B 45 years) and
middle-aged ([45 years) layer. After univariate
logistic regression analysis in each layer, we
found that the odds ratio for clinically manifest
PsA between young patients with and without
fatty liver was 4.36 (95% CI 1.28, 14.92)
(Table 3). Through the consistency test of OR,
the difference of OR between layers was statis-
tically significant. This implies that the differ-
ence between layers is not entirely caused by
random errors, and that there might be an
interaction between fatty liver and age.

Analysis of Interaction between Fatty
Liver and Age

To further analyze the interaction between fatty
liver and age, following the suggestions of
clinical experts, we selected age, gender, hs-
CRP, alcohol drinking, fatty liver, and the
multiplicative interaction term (fatty liver*age)
to construct the final multivariate logistic
regression model. In this model, a binary qual-
itative variable age was used to replace the
continuous variable age (Table 4). An
age[45 years, alcohol drinking, and increased
hs-CRP were risk factors for transition to PsA
with OR values of 10.15 (95% CI 2.79–36.91),
3.43 (95% CI 1.17–10.12), 1.05 (95% CI
1.01–1.09), respectively. Older age ([45 years)
has a 3 to 37-fold increased risk to transit from
subclinical to clinical PsA, while alcohol drink-
ing has a 1.2 to tenfold higher risk for transition
than non-alcohol drinking. The odds ratio for
transition to clinical PsA per unit of hs-CRP is
around 1.01–1.09. Of special note, there was a
negative multiplicative interaction between
fatty liver and age. OR value of fatty liver was
5.41 (95% CI 1.41–20.82) in the model, while
that of fatty liver*age was 0.10 (95% CI
0.01–0.76), which suggests that patients over
45 years old with fatty liver had 0.1 times higher
risk of progression. Taken together with the
results of the stratified analysis, patients with
subclinical PsA at an age B 45 years and in the
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presence of fatty liver constitute a high-risk
group for transition to clinical PsA.

DISCUSSION

In this study, we performed a retrospective,
longitudinal, case–control study at a single
medical center involving 25 patients with PsA
and 137 controls. Various baseline demographic
and clinical covariates were collected from all
patients at a status of subclinical PsA, and ana-
lyzed by a series of statistical methods including
univariate, multivariate, and stratified analyses.
Our analysis has identified several risk factors
that potentially increase the likelihood of pro-
gression from subclinical PsA to clinical PsA.

One of the most interesting findings in this
study is that patients with subclinical PsA at an
age B 45 years and in the presence of fatty liver
constitute a high-risk group for transiting to
clinical PsA. All of these patients met the

Fig. 1 Results of univariate logistic regression analysis.
The 95% confidence intervals range from 0 to 8. BMI body
mass index, PASI Psoriasis Area and Severity Index, hs-
CRP high-sensitivity C-reactive protein, TNF-a tumor

necrosis factor-a, ESR erythrocyte sedimentation rate,
NLR neutrophil-to-lymphocyte ratio

Table 2 Results of multivariable logistic regression
analysis

Variables Odds ratio (95% CI) P value

Age 1.08 (1.03–1.12) 0.00

Gender (Male) 2.02 (0.62–6.61) 0.25

Alcohol drinking (Yes) 3.26 (1.11–9.54) 0.03

hs-CRP 1.04 (1.01–1.08) 0.02

hs-CRP high-sensitivity C-reactive protein
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diagnostic criteria of nonalcoholic fatty
liver disease (NAFLD), which has recently been
renamed metabolic associated fatty liver disease
(MAFLD) [15]. Our observation of the associa-
tion between NAFLD and PsA progression is of
considerable interest, given the previous reports
that demonstrated that psoriasis patients have a
notably higher risk of complications with
NAFLD than healthy persons [26, 27], and that
this risk appears to be higher in PsA patients
than in patients with PsO [28]. Although these
observations raise the speculation of a potential
overlap in the pathogenesis between NAFLD
and PsA, it waits further investigation whether
the association of NAFLD with PsA is causal or
due to unrecognized bias and limitations of
these studies. A similar interesting finding is
that the association between NAFLD and PsA
transition is found in young patients
(B 45 years old) rather than middle-aged
patients ([ 45 years old). The prevalence of
NAFLD increases with age [29] and it is not

susceptible for young people. The occurrence of
fatty liver in young patients with subclinical
PsA might be more indicative of their metabolic
and immune disorders, which might be a reason
for their rapid transition to PsA. This specula-
tion warrants future investigation.

Other significant risk factors include an older
age, alcohol drinking, and a high hs-CRP level.
The finding of an older age as a risk factor to
progress to PsA is not surprising, as has been
seen in many other diseases. Mechanical stress
and microdamage in bone and joints are known
to increase with age and have important roles in
the pathogenesis of spondyloarthropathies,
which are usually difficult to be reversed or
cured in older people [30]. Consistent with this
conjecture, there are studies showing that pso-
riatic patients exceeding 45 years had more sites
of enthesitis than those aged less than 45 years
[25], and that mechanical stress and micro-
damage might be instrumental in inflammatory
enthesitis as a primary driver [30].

Table 4 Results of the final multivariate logistic regression model

Variables Odds ratio (95% CI) P value

Age (older than 45 years) 10.15 (2.79–36.91) 0.00

Gender (Male) 2.44 (0.73–8.22) 0.15

Alcohol drinking (Yes) 3.43 (1.17–10.12) 0.03

hs-CRP 1.05 (1.01–1.09) 0.03

Fatty liver 5.41 (1.41–20.82) 0.01

Fatty liver*Age 0.10 (0.01–0.76) 0.03

hs-CRP high-sensitivity C-reactive protein

Table 3 Results of the fatty liver after stratified analysis

Layer Fatty
liver

Control
group(n = 137)

Case group
(n = 25)

P value Odds ratio (95%
CI)

Youth (18–45 years) Yes, n (%) 26 (24.3) 7 (58.3) 0.02 4.36 (1.28–14.92)

No, n (%) 81 (75.7) 5 (41.7)

Middle-aged

(46–65 years)

Yes, n (%) 12 (40.0) 4 (30.8) 0.74 0.67 (0.17–2.17)

No, n (%) 18 (60.0) 9 (69.2)
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The observation of alcohol drinking as a risk
factor for PsA progression in this study is in
contradiction with several previous studies
demonstrating no association [31] or reverse
association [32] between alcohol consumption
and PsA. Clearly, further studies are required to
determine whether alcohol consumption
accelerates the transition from subclinical to
clinical PsA and whether there is a dose–re-
sponse relationship.

Our observation of hs-CRP as a risk factor for
PsA progression is consistent with most of the
previous studies [33, 34]. It would be worth
exploring whether as pro-inflammatory CRP
isoforms, pCRP*and monomeric CRP could
actively participate in the pathogenesis of sys-
temic inflammatory diseases (including
rheumatoid arthritis), as proposed in previous
studies [35].

Previous studies have shown several risk
factors for PsA, including obesity and hyper-
lipidemia [12]. These factors were, however, not
found to be associated with the risk of progres-
sion to PsA in our study. It is noteworthy that
the previous study [12] is focused on patients
with psoriasis while our study is focused on
patients with subclinical PsA. The difference in
the disease stages (psoriasis vs. subclinical PsA)
as well as demographic factors (including racial
and ethnic backgrounds) may have contributed
to the different results between this and previ-
ous studies.

To the best of our knowledge, this is the first
study focusing primarily on evaluating risk
factors of progression from subclinical to clini-
cal PsA. The main strength of this study lies in
the inclusion of almost all commonly known
variables that might be associated with PsA and
the implementation of comprehensive multi-
variate and stratified analyses to eliminate the
influence of confounding factors and ensure
homogeneity. Certainly, this study has a few
limitations. First, as a retrospective study, it has
inherent defects including potential selection
and information bias. In addition, our study is
limited to a relatively small sample size at a
single location, thus further research is needed
with a larger sample size from multiple centers,
preferably through a prospective longitudinal
study design, to validate our findings.

Moreover, our study focused on only the
peripheral joints of patients; thus, the conclu-
sions might be not applicable to subclinical PsA
patients with exclusively axial involvement.
Nevertheless, most patients with subclinical PsA
present peripheral involvement; our conclu-
sions are potentially valid for the majority of
subclinical PsA patients. An additional limita-
tion is that the patients included in this study
were all moderate-to-severe psoriasis according
to the PASI score; our conclusions are presum-
ably valid for this patient population. Clearly,
future studies are needed to include PsA
patients with all degrees of severity and with
both peripheral and axial involvement.

CONCLUSIONS

In conclusion, alcohol drinking, older age, the
presence of fatty liver at less than 45 years old,
and elevated hs-CRP level appear to be
increased risk factors of transition from sub-
clinical to clinical PsA. Our findings call for a
need to effectively identify and manage these
risk factors in routine clinical practice.
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