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Introduction: Tobacco smoking is associated with the onset and severity of psoriasis,
and understanding the prevalence of tobacco smoking among patients with psoriasis is
critical due to its high physical and mental influence and heavy disease burden. However,
evidence on the association between tobacco smoking and psoriasis severity is still
limited in China.

Objectives: The objective of this study was to examine the prevalence of tobacco
smoking and explore the association between tobacco smoking and diseases severity
among patients with psoriasis.

Methods: A total of 4,529 patients with psoriasis in 200 selected hospitals were
recruited in China between January 2020 and September 2021. Detailed information
covering demographic feature, tobacco smoking, and psoriasis history were collected
through an electronic questionnaire, and clinical data were extracted from the health
information system (HIS). SAS 9.4 was used for data analysis, and a p-value of <0.05
was considered statistically significant.

Results: The prevalence of tobacco smoking was 30.8%, with 24.6% for current
smoking. The average Psoriasis Area and Severity Index (PASI) score for patients
with psoriasis was 9.4, with male patients having a higher PASI score than female
patients. The odds ratio (OR) of former tobacco smoking prevalence was 1.5 [95%
confidence interval (Cl): (1.0-2.3)] for PASI score (3.0-7.0), 2.2 for PASI score
(7.1-13.0), and 4.2 for PASI score >13, when compared with patients with PASI
score < 3.0. Similarly, the OR of current tobacco smoking prevalence was 1.8
[95% CI: (1.5-2.2)] for PASI score (3.0-7.0), 1.9 for PASI score (7.1-13.0), and
3.1 for PASI score >13, when compared with patients with PASI score <3.0.
The Spearman correlation analysis indicated that both tobacco smoking intensity
and smoking duration were positively correlated with psoriasis severity (o < 0.05).
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Conclusion: The prevalence of tobacco smoking was high, especially among male
patients with psoriasis and those with senior high education. Tobacco smoking was
positively associated with psoriasis severity; moreover, both smoking intensity and
smoking duration were positively correlated with the severity of psoriasis in a dose-

dependent fashion.

Keywords: tobacco smoking, psoriasis severity, current smoker, former smoker, smoking intensity, smoking

duration

INTRODUCTION

Psoriasis is a common chronic systemic skin disease induced
by a combination of environmental and genetic factors (1, 2).
Globally, the prevalence of psoriasis in adults ranges from 0.51
to 11.43% (3). A recent epidemiological investigation reveals
that psoriasis affects ~125 million population worldwide and
the prevalence of psoriasis is increasing gradually (4). Previous
studies have indicated that the Chinese population has relatively
lower psoriasis prevalence, but in recent years, the prevalence of
psoriasis in China has increased from 0.16% in 1982 to 0.47%
in 2012. It can be speculated that there are about 6 million
patients with psoriasis in the 1.4 billion Chinese population (5, 6).
Clinically, psoriasis is characterized as erythematous plaques,
silvery scales on the skin lesion, accompanied by joint damage
and multiple organs’ dysfunctions (7, 8). Psoriasis adversely
affects the quality of life and work efficiency of patients, leads to
severe economic burden as well (9-11), and is considered to be a
serious global problem.

In recent years, a growing number of studies have indicated
that environmental factors are vital triggers for the initiation of
psoriasis, and tobacco smoking is one of the key environmental
pathogenic factors which affects the onset of psoriasis (12, 13).
Bertesi et al. reported that the onset of psoriasis is associated
with the role of keratinocytes, fibroblasts, immune cells,
and inflammatory factors (14), and the psoriasis severity
is closely related to the inflammation. In addition, tobacco
smoking can induce oxidative stress, free radical damage,
increase vascular endothelial dysfunction, and immune
cell activation, and can interact with the key signaling
pathways in psoriasis pathogenesis. Multiple studies have
been implemented previously to investigate the association
between psoriasis and tobacco smoking, and tobacco smoking
is proved as an independent risk factor that accounts for
the increased prevalence of psoriasis (15, 16). Therefore,
advocating tobacco smoking cessation is crucial to curb the

Abbreviations: HIS, Health Information System; PASI, Psoriasis Area and
Severity Index; OR, Odds Ratios; CI, Confidence Interval; GATS, Global Adult
Survey; NCRCSID, National Clinical Research Center for Skin and Immune
Diseases; BMI, body mass index; SD, Standard Deviation; IQR, Interquartile
Range; DAGs, Directed Acyclic Graphs; NF-kB, nuclear factor kappa B; JAK-
STAT, Janus kinase/Signal transducers and activators of transcription; MAPK,
mitogen-activated protein kinase; IL-1p, interleukin-18; IL-2, interleukin-2; IL-12,
interleukin-12; TNE, tumor necrosis factor; PGA, Physician’s Global Assessment;
DLQI, Dermatology Life Quality Index; PRQoL, Professional Quality of Life Scale;
VAS, Visual Analog Scale.

elevated prevalence and the severe influence of psoriasis in
the world.

Tobacco smoking is the single most avoidable cause of death
and disability globally, and it is estimated that there are 1.2
billion tobacco smokers in the world. In recent years, tobacco
smoking in low- and middle-income countries is increasing
rapidly, and the prevalence of tobacco smoking among men in
Asian countries is now far higher than in Western countries, with
45% in India, 53% in Japan, 63% in China, 69% in Indonesia,
and 73% in Vietnam (17). As the largest tobacco producer and
consumer in the world, China is facing a public crisis with an
estimation of 320 million tobacco smokers with current smoking
prevalence (18). The Global Adult Tobacco Survey (GATS)
conducted in 2010 indicates that nearly 1 million smokers died
from tobacco-related diseases, and about 52% of non-smokers are
exposed to second-hand tobacco smoke in China (19). Due to the
tobacco-induced heavy disease burden, and its association with
psoriasis, it is critical to understand the prevalence of tobacco
smoking among patients with psoriasis for future tobacco control
in this targeted population. However, evidence on the prevalence
of tobacco smoking and, especially, its association with psoriasis
severity is still limited in China (20-22).

In this study, we implemented a cross-sectional investigation
that covered 200 hospitals in China. We aimed to understand
the prevalence of tobacco smoking among patients with psoriasis
and to explore the association between tobacco smoking and
psoriasis severity. Accurate assessment of potentially modifiable
factors is critical for psoriasis management, and confirmation of
the relationship between tobacco smoking and psoriasis severity
indicates the need for behavior modification among patients with
psoriasis in the future.

METHODS
Study Population

Data in this study were originated from the National Clinical
Research Center for Skin and Immune Diseases (NCRCSID)
in China. The NCRCSID was established in January 2020 and
was aimed to build a database in China to collect extensive
real-world data on psoriasis from 200 hospitals selected in all
seven regions of China (Figure 1). In this study, 200 hospitals
were selected by a multistage quota sampling manner. First,
30% of cities (prefectures or districts) among the 31 provinces,
autonomous regions, and municipalities in China (except Hong
Kong, Taiwan, and Macao) were selected randomly. Second,
almost 10% of all tertiary hospitals and secondary hospitals in the
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selected cities were contacted and recruited in a voluntary and
convenient manner, and finally, 200 hospitals were recruited in
total. In this study, all patients with psoriasis aged >18 years were
recruited from January 2020 to September 2021, and all patients
had a clinical diagnosis of psoriasis and received a standardized
personal interview with informed consent. In the data collection
process, a structured questionnaire was completed, and the
investigators applied the Psoriasis Area and Severity Index
(PASI) to measure the psoriasis severity. Eventually, personal
information of each participant was encrypted and kept
anonymous in the psoriasis database, and finally, 4,529 patients
with psoriasis were included in the analysis.

This study was approved both by the Institutional Review
Board of Peking University First Hospital, Beijing, China (2020-
255), and the Review Board of Shanghai Skin Diseases Hospital,
Shanghai, China (2021-27). Informed consent was signed by each
participant before the questionnaire interview, and this study
was strictly performed in accordance with the guideline of the
STROBE statement and the Declaration of Helsinki.

Diagnosis, Inclusion, and Exclusion

Criteria of Psoriasis

In this study, patients with psoriasis were clinically diagnosed,
and all patients with psoriasis met psoriasis diagnostic criteria
based on the Chinese clinical dermatology, which was in line
with the global guideline for psoriasis diagnosis and treatment.
The skin lesions of psoriasis are manifested as red inflammatory
papules, patches of varying sizes covered with multiple layers of
silvery-white scales, with punctate hemorrhages visible on the
removal of the scales (Auspitz’s sign). In this study, the inclusion
criteria of psoriasis were patients who met the clinical criteria for
psoriasis and patients aged over 18 years for both genders, and
patients with neurological disorders, psychiatric abnormalities,
or unable to provide informed consent were excluded.

Data Collection

Detailed information in this study was collected by an electronic
questionnaire from January 2020 to September 2021. Data
were collected by local dermatologists from the 200 selected
hospitals after the uniform training procedures to guarantee the
authenticity and validity of the data. The main contents of the
questionnaire were as follows: (1) demographic characteristics,
including name, gender, age, marital status, education, regions,
medical insurance, and body mass index (BMI); (2) tobacco
smoking status covering current/former smoker, years of tobacco
smoking, number of daily consumed cigarettes, and tobacco
smoking cessation; and (3) information of psoriasis onset
and diagnosis, including PASI score, seasonality of psoriasis
aggravation, types of psoriasis, and family history of psoriasis.

Definition and Index Calculation

In this study, smokers were defined as those who smoked
at least 100 cigarettes in their lifetime (19), and smoking
cessation was defined as a smoker who has quit smoking
for at least 3 months. We defined current smokers as
those smokers who were still smoking at the time of
investigation, and former smokers as those smokers who

had abstained from smoking for over 3 months at the time
of investigation.

Tobacco smoking data were available regarding the collected
information on the number of cigarettes smoked, age for
tobacco smoking initiation, and year of tobacco smoking.
Smoking duration was calculated as age at investigation minus
age of the first started regular tobacco smoking for current
smokers, and as age at smoking cessation minus age of the
first started regular tobacco smoking for former smokers; then,
smoking duration was divided into three groups, namely,
<10 years, 10-20 years, and over 20 years. The smoking
intensity was defined as the number of cigarettes smoked every
day and was dichotomized as <20 cigarettes/day and >20
cigarettes/day. Smoking cessation years were calculated as the
age at investigation minus the age at smoking cessation initiation
among former smokers, and were divided into <10 years and
equal or over 10 years.

In this study, the BMI of patients with psoriasis
was categorized as lower body weight (<18.5), normal
weight (18.5-23.9), overweight (24.0-27.9), and obesity
(>28.0). The education status of patients with psoriasis
was classified as junior high and lower, senior high, and
college and above. Personal monthly income (RMB)
was categorized into <3,000, 3,000, 5,000, 5,001-
10,000, and >10,000. The disease duration of patients
with psoriasis was classified as <10, 10-19, 20-29, and
>30 years.

The PASI was used to evaluate the disease severity of psoriasis
in this study. We used the PASI score to evaluate the psoriasis
skin disease severity in two main dimensions, including lesion
severity and lesion area. Lesion severity is a comprehensive
assessment of erythema, desquamation (scale), and infiltration
degree of body parts (evaluated respectively), which is divided
into 4 points for all three indexes, namely, (I) 0 point, not
involved; (II) 1 point, mild; (III) 2 points, moderate; (IV) 3
points, severe; and (V) 4 points, extremely severe. Lesion area
score is evaluated in 6 points, namely, 0 point for not involved,
1 point for <10%, 2 point for 10-29%, 3 point for 30-49%,
4 point for 50-69%, 5 point for 70-89%, and 6 point for 90-
100%. The weight of body parts is defined as the weight of
each body part according to its approximate percentage of the
whole body, which is 10% for the head and neck, 20% for the
upper limb, 30% for the trunk (e.g., inguinal and axillary), and
40% for lower limb (e.g., hip). In each body part, the sum of
erythema (E), desquamation (D), and infiltration (I) severity
scores is multiplied by the lesion area score and then multiplied
by the weight of the body part to obtain a body part value,
and then all four body parts are combined to obtain the total
PASI score. The formula for PASI score calculation is the head
and neck lesion area * (E + I + D) x 0.1 + upper limb
lesion area * (E + I + D) x 0.2 + trunk lesion area * (E
+ I+ D) x 0.3 + lower limb lesion area * (E + I + D)
x 0.4.

The PASI score is the most effective and widely used
tool for measuring disease severity in patients with psoriasis,
and the PASI score ranges from 0 to 72 with a higher
score indicating more severity of psoriasis. In this study,
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notes: 1 dot= 2 cases

FIGURE 1 | Regional distribution of information collection for 4529 patients in China.

we categorized the PASI score into four categories by its
quartile values, namely, <3.0 for Quartile 1 (Q1, Po-P2s),
3.0-7.0 for Quartile 2 (Q2, Py5-Psg), 7.1-13.0 for Quartile
3 (Q3, P50-P75), and over 13.0 for Quartile 4 (Q4, Py5-
P100) (22).

Statistical Analysis

Data analysis in this study was performed using the statistical
software SAS 9.4. The quantitative variables with normal
distribution were expressed as mean and standard deviation
(SD), and a t-test was applied to test for significance between
different groups. Quantitative variables with skewed distribution
were expressed as median and interquartile range (IQR), and
a non-parametric rank-sum test was applied to examine the
difference between groups. Qualitative variables were presented
as frequency counts and proportion (%), and the chi-square test
was performed to determine the statistical difference between
groups. Logistic regression was applied to calculate the odds
ratio (OR) and 95% confidence interval (95% CI) to explore
the association between tobacco smoking and disease severity
(PASI scores) among patients with psoriasis, with the adjustment
of potential confounding factors. In this study, the potential
confounding factors were first selected by the univariate analysis
with a p-value of <0.05 as the inclusion criteria, and then
confirmed by the directed acyclic graphs (DAGs) method. Scatter
plot and Spearman correlation (R?) were used to explore the
association between tobacco smoking duration and psoriasis
severity among all smokers with psoriasis, and also both in
current smokers and former smokers as well for sensitivity

analysis. In this study, a p-value of <0.05 (two-tailed) was
considered statistically significant.

RESULTS

In this study, we finally included 4,529 patients with psoriasis
and classified them into non-smokers (3,134, 69.2%), former
smokers (281, 6.2%), and current smokers (1,114, 24.6%). The
average age of the 4,529 patients with psoriasis was 38.6 years
(SD: 15.5); 64.1% of them were men and 70.4% of them were
married. Notably, 33.0% of 4,529 patients with psoriasis had
college and above education, nearly half of them were overweight
or obese, and ~97% of them had medical insurance. Data in
Table 1 indicate that non-smokers were younger than tobacco
smokers, the proportion of male and married patients with
psoriasis both in former smokers and current smokers was
higher than that in non-smokers, respectively, and the differences
were all statistically significant (p < 0.05). Psoriasis patients
without tobacco smoking (non-smokers) had a higher percentage
of college and above education, and a lower percentage of
overweight and obesity, in comparison with both former smokers
and current smokers; the differences were statistically significant
(p < 0.05).

Tobacco Smoking Condition Among
Patients With Psoriasis

Among the 4,529 patients with psoriasis, 1,395 of them were
tobacco smokers, and the prevalence of tobacco smoking among
patients with psoriasis was 30.8%, with 24.6% for current tobacco
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TABLE 1 | The demographic feature of psoriasis patients in China, 2020-2021.

Variables Total psoriasis Patient with different tobacco smoking status
patients (n = 4,529)
Non-smoker Former smoker Current smoker

(n =3,134) (n =281) (n=1,114)
Age (years)', mean (SD) 38.6 (15.5) 36.8 (15.8) 45.9 (15.7) 40.1 (13.5)
Gender, n (%)
Male 2,903 (64.1) 1,589 (50.7) 264 (93.9) 1,050 (94.3)
Female 1,626 (35.9) 1,545 (49.3) 17 (6.1) 64 (5.7)
Marital statusf, n (%)
Unmarried 1,339 (29.6) 1,037 (33.1) 49 (17.4) 253 (22.7)
Married 3,190 (70.4) 2,097 (66.9) 232 (82.6) 861 (77.3)
Educationf, n (%)
Junior High and lower 1,653 (34.3) 1,104 (35.2) 94 (33.5) 355 (31.9)
Senior High 1,481 (32.7) 941 (30.0) 100 (35.6) 440 (39.5)
College and above 1,495 (33.0) 1,089 (34.8) 87 (30.9) 319 (28.6)
BMI (kg/mz)r, median (IQR) 23.7 (21.3-26.5) 23.4 (20.9-26.1) 24.4 (22.2-26.8) 24.5 (22.3-27.4)
BMI (kg/m2)", n (%)
<18.5 (lower body weight) 283 (6.3) 249 (8.0) 4(1.4) 30 (2.7)
18.5-23.9 (normal body weight) 2,118 (46.8) 1,530 (48.8) 123 (43.8) 465 (41.7)
24.0-27.9 (overweight) 1,365 (30.1) 866 (27.6) 109 (38.8) 390 (35.0)
>28 (obesity) 763 (16.9) 489 (15.6) 45 (16.1) 229 (20.6)
Regionsf, n (%)
Northeast of China 541 (11.9) 404 (12.9) 24 (8.5) 113 (10.1)
East of China 838 (18.5) 625 (19.9) 47 (16.7) 166 (14.9)
North of China 1,248 (27.6) 792 (25.3) 77 (27.4) 379 (34.0)
Middle of China 797 (17.6) 554 (17.7) 51(18.2) 192 (17.2)
South of China 614 (13.6) 425 (13.6) 54 (19.2) 135 (12.1)
Southwest of China 168 (3.7) 135 (4.3) 6(2.1) 27 (2.4)
Northwest of China 323 (7.1) 199 (6.4) 22 (7.8) 102 (9.2)
Medical insurance, n (%)
Yes 4,396 (97.1) 3,031 (96.7) 273 (97.2) 1,092 (98.0)
No 133 (2.9) 103 (3.3) 8(2.8) 22 (2.0)

T The differences between groups was statistically significant (P< 0.05).

smoking and 6.2% for former tobacco smoking. The median
value of tobacco smoking years was 13.0 for total smokers (IQR:
8.0-12.0), and approximately one quartile of them had smoking
duration over 20 years. The median number of daily consumed
cigarettes was 10 with the IQR ranging from 8 to 20, and nearly
70% of them had smoking intensity of <20 cigarettes per day.
For former tobacco smokers with psoriasis, the median value of
smoking cessation years was 10, with IQR ranging from 1 to 36
years, as shown in Table 2

In comparison with former smokers, current smokers had
longer years of tobacco smoking, and the proportion of smoking
duration of <10 years was lower in current tobacco smokers,
but the differences were not statistically significant (p > 0.05).
In contrast, current smokers consumed more cigarettes each day
on average than former smokers (p < 0.05), and the proportion
of smoking intensity >20 cigarettes/day was statistically higher
than that among former smokers (p < 0.05), as shown in Table 2

Diseases Feature of Patients With

Psoriasis

The average PASI score among the 4,529 patients with psoriasis
was 9.4 (SD: 8.4), and male patients with psoriasis had a higher
PASI score than female patients with psoriasis (p < 0.05). For
psoriasis lesion severity, the median score was 3.0 (IQR: 0-
6) for the head and neck, 4.0 (IQR: 2-6) for the trunk, 4.0
(IQR: 2-6) for the upper limb, and 5.0 (IQR: 3-6) for the lower
limb. Meanwhile, male patients had higher psoriasis lesion scores
than female patients in all four body parts (p < 0.05). Nearly
half of the patients with psoriasis in this study had psoriasis
aggravation in winter (45.8%), followed by in autumn (20.3%)
and spring (15.8%), and male patients had a higher proportion
of disease aggravation in winter than female patients (p <
0.05). In this study, over 93% of patients had psoriasis vulgaris,
and the proportion of psoriasis types was 3.2% for psoriasis
erythroderma, 2.6% for psoriasis arthritis, 2.1% for localized
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TABLE 2 | The smoking intensity, smoking duration, tobacco expenses, and smoking cessation attempt among current smokers in rural area of Shanghai, China.

Variables Total smokers Former smoker current smokers P
(n =1,395) (n =281) (n=1,114)

Years of tobacco smoking (median, IQR) 13.0 (8.0-21.0) 10.0 (6.0-24.0) 13.0 (8.0-20.0) 0.256

Smoking duration (years), n (%) 0.053

<10 395 (28.3) 91 (32.4) 304 (27.3)

10-20 650 (46.6) 113 (40.2) 537 (48.2)

Over 20 350 (25.1) 77 (27.4) 273 (24.5)

Daily consumed cigarettes on averagef (median, IQR) 10.0 (8.0-20.0) 10.0 (6.0-15.0) 10.0 (8.0-20.0) 0.000

Smoking intensity (cigarettes/day)f n (%) 0.000

<20 939 (67.3) 222 (79.0) 717 (64.4)

Equal or over 20 391 (32.7) 59 (21.0) 397 (35.6)

Years of smoking cessation (median, IQR) - 10.0 (1.0-36.0) - -

Smoking cessation years, n (%)

<10 - 140 (49.8) - -

Equal or over 10 - 141 (50.2) - -

"The differences between former smokers and current smokers was statistically significant (P < 0.05).

IQR, Interquartile Range.

pustular psoriasis, and 1.5% for generalized pustular psoriasis. Of
note, 16.1% of patients reported psoriasis family history, and the
proportion was higher in female patients but without statistical
significance, as shown in Table 3.

The Association Between Tobacco
Smoking and Psoriasis Severity (PASI

Score)

In this study, 4,529 patients with psoriasis were divided into three
groups by their tobacco smoking status, and then recombined
into condition 1 (non-smoker and former smoker) and condition
2 (non-smoker and current smoker) to explore the association
between tobacco smoking and psoriasis severity. In comparison
with non-smokers (8.3 & 7.5), former smokers (13.4 & 10.3) and
current smokers (11.5 & 9.4) had a higher PASI score, and the
differences were statistically significant. The proportion of PASI
score over 7 was 44.2% in non-smokers, which was obviously
lower than that in former smokers (66.9%), and in current
smokers as well (58.1%). For psoriasis lesion severity score,
former smokers had higher scores than non-smokers in all four
body parts, and the differences were all statistically significant, as
shown in Table 4.

The logistic regression analysis indicated that former smokers
had higher PASI scores than non-smokers, and the OR was 1.5
(95% CI: 1.0-2.3) for PASI score (3.0-7.0) compared with PASI
score < 3.0, 2.2 (95% CI: 1.5-3.3) for PASI score (7.1-13.0)
compared with PASI score < 3.0, and 4.2 (95% CI: 2.9-6.1) for
PASI score > 13 compared with PASI score < 3.0, even with the
adjustment of potential confounding factors (ORs were 1.2, 1.7,
and 2.8, respectively). Similarly, current smokers also had higher
PASI scores than non-smokers, and logistic regression showed
that the OR was 1.8 (95% CI: 1.5-2.2) for PASI score (3.0-7.0)
compared with PASI score <3.0, 1.9 (95% CI: 1.5-2.3) for PASI
score (7.1-13.0) compared with PASI score <3.0, and 3.1 (95%
CI: 2.5-3.8) for PASI score >13 compared with PASI score <3.0,

even with the adjustment of potential confounding factors (ORs
were 1.6, 1.5, and 2.3, respectively), as shown in Figure 2.

Among the 1,395 patients with psoriasis who were tobacco
smokers, the Spearman correlation analysis in Figure 3
indicated that the PASI score was positively correlated with
tobacco smoking years among smokers, and the findings were
consistent both in current smokers and former smokers (p
< 0.05). Meanwhile, the Spearman correlation analysis also
demonstrated that the PASI score was positively correlated
with the number of daily consumed cigarettes both in
current smokers and former smokers (p < 0.01), as shown
in Figure 3.

DISCUSSION

This is the first large population size study in China that
enrolled 4,529 patients with psoriasis to explore the association
between tobacco smoking and disease severity of psoriasis.
This study indicated that the prevalence of tobacco smoking
among patients with psoriasis was 30.8%, with 24.6% for current
tobacco smoking and 6.2% for former tobacco smoking, which
was in line with the findings in previous studies (23, 24).
In this study, the average PASI score among the patients
with psoriasis was 9.4 (SD: 8.4), and male patients had a
higher PASI score than female patients. Logistic regression
analysis indicated that both the former smokers and current
smokers had at least 1.2 times higher PASI scores than non-
smokers, and PASI score was positively correlated with tobacco
smoking years as well as number of daily consumed cigarettes.
Therefore, we concluded that tobacco smoking was positively
associated with the disease severity of psoriasis, and both the
tobacco smoking duration and smoking intensity were positively
correlated with the psoriasis severity among patients with
tobacco smoking. These findings have important implications
concerning the management and treatment of psoriasis patients,
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TABLE 3 | The psoriasis severity, family history, seasonality aggravation and skin damage condition among psoriasis patients in China, 2020-2021.

Variables Total patients Male patients Female patients P
(n = 4,529) (n = 2,903) (n = 1,626)

PASI score’, [mean, (SD)] 9.4 (8.4) 10.3 (8.9) 7.8(7.3) 0.001

PASI score!, (median, IQR) 7.0 (3.0-13.1) 7.9 (3.4-14.4) 5.5 (2.4-12.0) 0.001

Psoriasis severity (erythema/infiltration/scales) (median, IQR)

Head total score” 3.0 (0.0-6.0) 3.0 (1.0-6.0) 3.0 (0.0-6.0) 0.000

Trunk total score” 4.0 (2.0-6.0) 5.0 (2.0-6.0) 4.0 (0.0-6.0) 0.000

Arms total score’ 4.0 (2.0-6.0) 4.0 (3.0-6.0) 3.0 (2.0-6.0) 0.000

Legs total score’ 5.0 (3.0-6.0) 6.0 (3.0-7.0) 4.0 (3.0-6.0) 0.000

Seasons of psoriasis aggravation, n (%)

Spring 714 (15.8) 443 (15.3) 271 (16.7) 0.213

Summer 361 (8.0) 245 (8.4) 116 (7.1) 0.120

Autumn 919 (20.3) 587 (20.2) 332 (20.4) 0.874

Winter” 2,073 (45.8) 1,381 (47.6) 692 (42.6) 0.001

Types of psoriasis, n (%)

Psoriasis arthritis 118 (2.6) 82 (2.8) 36 (2.2) 0.216

Psoriasis ery‘[hrodermaf 143 (3.2) 108 (8.7) 35 (2.2) 0.004

Generalized herpetic psoriasis 67 (1.5) 39 (1.3 28 (1.7) 0.311

Localized herpetic psoriasisf 93 (2.1) 48 (1.7) 45 (2.8) 0.011

Psoriasis vulgaris 4,227 (93.3) 2,710 (93.4) 1,617 (93.9) 0.943

Family history of psoriasis patients, n (%) 0.533

Yes 727 (16.1) 448 (15.4) 279 (17.2)

No 3,370 (74.4) 2,186 (75.3) 1,184 (72.8)

Unknown 432 (9.5) 269 (9.9) 163 (10.0)

Kins with psoriasis, n (%)

Father 224 (4.9) 148 (5.1) 76 (4.7) 0.528

Mother 156 (3.4) 104 (3.6) 52 (3.2) 0.496

Siblings’ 119 (2.6) 64 (2.2) 55 (3.4) 0.017

Offspring 23 (0.5) 12 (0.4) 11(0.7) 0.232

Others 228 (5.0) 135 (4.7) 93 (4.5) 0.114

T The differences between male and female psoriasis patients was statistically significant (P < 0.05).

IQR, Interquartile Range; SD, Standard Deviation.

meanwhile, providing direct evidence to support advocating
smoking cessation among patients with psoriasis. Therefore,
doctors should promote tobacco control measures, such as
pharmacotherapy, smoking cessation advice, and behavioral
support, and provide assistance for smoking cessation among
patients with psoriasis. Moreover, the effect of doctors’ advice
and assistance for tobacco smoking cessation should be evaluated
among patients with psoriasis in the future, both for the direct
effect of decreased smoking prevalence, and the recurrence and
severity of psoriasis.

Growing evidence demonstrates the association between
tobacco smoking and the onset and development of psoriasis.
Therefore, it is important to understand the tobacco smoking
status in patients with psoriasis. Previous evidence has indicated
that the prevalence of tobacco smoking varies substantially in
different studies. Kridin et al. (25) implemented an investigation
that enrolled 121,801 patients with psoriasis, of whom 38.9%
were tobacco smokers. A cross-sectional study in Korea with
1,260 patients with psoriasis showed a 51.2% of tobacco smoking

prevalence (26); meanwhile, a meta-analysis with pooled data
indicated a 30.04% of tobacco smoking prevalence among
patients with psoriasis (20). In this study, the prevalence of
tobacco smoking was 30.8%, which was consistent with the
finding (33.4% of tobacco smoking prevalence) of a recent
multicenter study in China (27). The low tobacco smoking
prevalence in the Chinese psoriasis population might partially
attribute to a lower prevalence of tobacco smoking among female
patients with psoriasis. In this study, the prevalence of tobacco
smoking was 5.0% among female patients, which was extremely
lower than that of Fortes’ survey (50% of female patients with
psoriasis were smokers) (28). Meanwhile, a growing number of
population in China have noticed the physical harmfulness of
tobacco use in recent years and stopped smoking successfully,
which might also contribute to the lower prevalence of tobacco
smoking in this study (29). In contrast, we should notice the high
prevalence of tobacco smoking in men, especially with senior
high education; we suggest that tobacco control measures should
be focused on this specific population in the future.
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TABLE 4 | The association between tobacco smoking and psoriasis severity (PASI score) among psoriasis patients in China, 2020-2021.

Variables Condition 1 Condition 2
Non-smoker Former smoker Non-smoker Current smoker
(n =3,134) (n =281) (n =3,134) (n =1,114)
PASI score [mean (SD)] 8.3(7.5) 13.4(10.3) 8.3(7.5) 11.5 (9.4)
PASI score’* (median, IQR) 6.0 (2.7-12.9) 11.0 (5.4-19.2) 6.0 (2.7-12.9) 9.0 (4.2-16.4)
PASI score classification in quar’[iIeTi , N (%)
<3.0 (Quartile 1, Q1) 927 (29.6) 40 (14.2) 927 (29.6) 180 (16.2)
3.0-7.0 (Quartile 2, Q2) 823 (26.3) 53 (18.9) 823 (26.3) 287 (25.8)
7.1-13.0 (Quartile 3, Q3) 742 (23.7) 71(25.3) 742 (23.7) 262 (23.5)
Over 13.0 (Quartile 4, Q4) 642 (20.5) 117 (41.6) 642 (20.5) 385 (34.6)
Psoriasis severity score (median, IQR)
Head total score’* 0(0.0-6.0) 0(1.0-6.0) 0(0.0-6.0) 0(1.0-6.0)
Trunk total score’ * 0(1.0-6.0) 0(3.0-7.0) 0(1.0-6.0) 0(2.0-6.0)
Arms total score’® 4.0 (2.0-6.0) 0(3.0-6.0) 0 (2.0-6.0) 0(3.0-6.0)
Legs total score™™ 0 (3.0-6.0) 0(3.0-7.0) 0 (3.0-6.0) 0(3.0-7.0)
" The difference between former smokers and non-smokers was statistically significant (P < 0.05).
*The diifference between current smokers and non-smokers was statistically significant (P < 0.05).
Quartile, Q1 (Po-Pos), Q2 (Pa5-Pso), Q3 (Pso-P7s), Q4 (P75-P1oo); SD, standard deviation; IQR, Interquartile Range.
81 @ Crude OR value
I Adjusted OR value (including gender, age, BMI, education, marital status)
+——— 95% Confidence Interval
Q1: The quartile of PASI (PO, P25)
77 Q2: The quartile of PASI (P25, P50)
- Q3: The quartile of PASI (P50, P75)
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FIGURE 2 | The logistic regression analysis of PASI score between former smokers or current smokers and non-smokers.

In clinical practice, psoriasis severity is often categorized as
mild, moderate, and severe. Although there were numerous
and reliable tools to assess the psoriasis severity, PASI was
the primary tool for disease severity evaluation to reflect the
treatment response in patients with psoriasis by a dermatologist.
Meanwhile, we also emphasized that evaluators should consider
the type and location of lesions among patients with psoriasis

in order to assess the severity of skin lesions more accurately.
In this study, the average PASI score among the patients with
psoriasis was 9.4 that indicated mild to moderate psoriasis
severity, and male patients with psoriasis had a higher PASI
score than female patients; this might be partially due to
the higher tobacco smoking prevalence among male patients.
In this study, we also noticed that over 93% of patients
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suffered from psoriasis vulgaris, and psoriasis lesion severity
scores were higher for lower limbs among patients, which
was in line with the findings of the nationwide survey in
China during 2009 and 2010 (23). In contrast, investigation in
Western countries indicated that the most frequently seriously
affected areas are knees, scalp, body trunk, and hands (30, 31).
These inconsistent findings indicated the multifacet variation of
psoriasis phenotype, so a better understanding of the distribution
and impact of different body areas for psoriasis is crucial for
disease management.

Tobacco smoking is one of the well-established environmental
risk factors for psoriasis, but its association with psoriasis
severity is still limited. A meta-analysis shows that both current
smokers [1.63 (95% CI: 1.48-1.80)] and former smokers [1.36
(95% CI: 1.13-1.64)] have a higher risk of developing psoriasis
than nonsmokers (32). Other studies indicated that 15-20% of
psoriasis onset could attribute to the former or current tobacco
smoking, suggesting that tobacco smoking increased the risk
of psoriasis both in women and men (33). This study showed
that tobacco smoking impacts the severity of psoriasis in a
dose-dependent fashion, and tobacco smoking intensity and
smoking duration were positively associated with the severity
of psoriasis, which were in line with the findings in the
previous studies (34). Meanwhile, tobacco smoking might also
directly impact the treatment response and lower the adherence
to therapy among patients with psoriasis, leading to the
aggravation of psoriasis severity in patients. In comparison with

non-smokers, former smokers were less likely to achieve disease
improvement with biologic agent treatment. Interestingly, in a
series of 110 psoriasis patients treated with anti-TNF therapy,
the majority of non-responders were smokers, especially those
with overweight/obesity or higher baseline PASI scores (35).
In this study, both the former smokers and current smokers
had higher PASI scores, which predicted the lower response
rate of treatment in these patients with tobacco smoking, so
implementing tobacco control measures among patients with
psoriasis is crucial for the improvement of treatment response in
the future.

Tobacco smoking as a complex risk factor might influence
the onset and development of psoriasis in many ways, but the
underlying mechanism is still not clear. The pathophysiological
mechanisms for the direct association between psoriasis
and tobacco smoking include oxidative stress, free radical
damage, increasing vascular endothelial dysfunction, immune
cell activation, genetic mechanisms and interaction with
key signaling pathways in psoriasis [nuclear factor kappa B
(NF-kB), Janus kinase/signal transducers and activators of
transcription (JAK-STAT)], and mitogen-activated protein
kinase (MAPK) (36-38). The consequences of oxidative stress
and free radical damage had been shown to transform the
morphology and function of psoriatic polymorphonuclear
cells, which comprised the dominant inflammatory infiltrate
in psoriasis (28). In addition, it was also suggested that
tobacco smoke could increase vascular endothelial dysfunction,
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which is an important factor for angiogenesis of psoriasis
(39). Nicotine in tobacco smoke was the major alkaloid of
cigarettes that activated the interleukin-1p (IL-1p), IL-2,
IL-12, and tumor necrosis factor (TNF), which played a
central role in psoriasis pathogenesis (40, 41). Presumably,
nicotine might facilitate keratinocyte adhesion and upward
migration in the epidermis and eventually impacted keratinocyte
proliferation and skin inflammation (42). Nicotine also
stimulated innate immune cells, including keratinocytes,
macrophages, and dendritic cells (32). These cells release
cytokines that trigger T-lymphocytes and perpetuate the cycle
of chronic inflammation, leading to the onset and development
of psoriasis.

A key strength of this study is the large population size
of the patient with psoriasis. We sampled 4,529 patients from
200 hospitals, which accounted for ~2% of all 12,436 tertiary
hospitals and secondary hospitals in China, so the findings could
be generalized to patients with psoriasis in China. Meanwhile,
the data collection was conducted by an electronic software
that was convenient to the paperless data input, the full-
time audio record benefit the subsequent inspection, and the
clinical data of psoriasis patients were extracted from the
health information system (HIS) directly without recall bias,
which ensures the high quality of data is another strength of
this study.

There are some limitations in this study. First, tobacco
smoking status among patients is self-reported which might
lead to recall bias, and the missing information of second-
hand smoke exposure might underestimate the influence of
tobacco smoking on psoriasis severity to some degree. Second,
indicators for life quality assessment are not included in this
study, so we missed the chance to evaluate the influence
of psoriasis severity for life quality of patients with and
without tobacco smoking; the incorporation of Physician’s
Global Assessment (PGA), Dermatology Life Quality Index
(DLQI), Professional Quality of Life Scale (PRQoL) and
Visual Analog Scale (VAS) should be considered in future
study. Third, the nature of cross-sectional study design
only allows the calculation of tobacco smoking prevalence
and estimation of the correlation between tobacco smoking
and psoriasis severity, but not the causal relationship.
All of these aforementioned limitations would restrict the
interpretations of clinical findings to some degree. Therefore,
a better designed cohort or case-control study to explore
the potential mechanism of smoking behavior on diseases
severity among patients with psoriasis may be particularly
useful for the development of future research directions and
intervention strategies.

CONCLUSION

The prevalence of tobacco smoking among patients with psoriasis
was high, especially among male patients and those with senior

high education. Tobacco smoking was positively associated with
psoriasis severity; moreover, both smoking intensity and smoking
duration were positively correlated with the severity of psoriasis
in a dose-dependent fashion.
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