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ABSTRACT

Background and aim: Psoriatic disease is associated with several extra-cutaneous complications, including
cardiovascular disease and type 2 diabetes. Whether psoriatic disease is associated with interstitial lung disease
(ILD) remains uncertain. The aim of this study was toquantify the prevalence of ILD overall and across specific
subtypes of psoriatic disease.

Methods: We systematically searched PubMed, Embase, and Scopus for original studies reporting the prevalence
of ILD in adults with psoriatic disease. Pooled prevalence estimates were calculated using proportional random-
effects meta-analysis, with subgroup analyses stratified by factors including psoriatic disease type, sex, and smok-
ing history. Random-effects meta-regression was conducted to examine the influence of age and disease duration.
Results: Of 863 records screened, 11 studies were included. The pooled ILD prevalence in any psoriatic disease
was 3.6% (95% Cl: 2.1-5.0%). Meta-regression indicated that ILD prevalence increased by 0.22 percentage points
per year (95% Cl: 0.02-0.41) from approximately 36 years of age. Subgroup analysis showed ILD prevalences of
2.4% (95% Cl: 1.1-3.6%) in psoriasis vulgaris, 5.7% (95% Cl: 2.5-8.9%) in psoriatic arthritis, and 8.4% (95%

Cl: 6.4—10.4%) in generalized pustular psoriasis (GPP). ILD prevalence was 3.2% (95% Cl: 0.1-6.3%) in never-
smokers versus 7.2% (95% Cl: 3.4—11.0%) in ever-smokers.

Conclusions: ILD may represent a clinically relevant comorbidity in patients with psoriatic disease, particularly
psoriatic arthritis and GPP. This increased prevalence may reflect chronic systemic inflammation and exposures
such as medications and cigarette smoke. Further research is needed to elucidate the underlying mechanisms
and to assess whether early detection and targeted interventions can improve outcomes.
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Introduction

Psoriatic disease, most commonly presenting as
psoriasis vulgaris (PsV), characterized by erythema-
tous, scaly skin plaques, is a chronic immune-mediated
condition, which affects 1-6% of the global adult pop-
ulation (1). Beyond its well-known effects on the skin
and nails, psoriatic disease is increasingly recognized
as a systemic inflammatory disorder associated with
comorbidities such as psoriatic arthritis (PsA) (2), car-
diovascular disease (CVD), and type 2 diabetes (3,4).
Generalized pustular psoriasis (GPP) is a rare vari-
ant characterized by episodic outbreaks of widespread
sterile pustules and severe skin inflammation, often ac-
companied by marked systemic inflammation (5). Tu-
mor necrosis factor-alpha (TNF-a) and interleukin-17
(IL-17) are key cytokines in the pathogenesis of pso-
riatic disease and represent important therapeutic tar-
gets (6). TNF-o and IL-17 inhibitors alleviate both
skin and joint symptoms in psoriatic disease and have
also been shown to reduce coronary inflammation and
cardiovascular risk (7,8). Thus, effective treatment
of psoriatic disease may reduce systemic inflamma-
tion and offer important preventive benefits beyond
the skin and joints. At rest, the entire blood volume
circulates through the lungs approximately once per
minute (9), continuously exposing pulmonary tissue
to circulating inflammatory cytokines and cells. This
may explain the well-documented association between
interstitial lung disease (ILD) and immune-mediated
inflammatory diseases such as systemic sclerosis,
Sjogren’s syndrome and rheumatoid arthritis (RA)
(10,11). ILD encompasses a group of lung disorders
characterized by inflammation and fibrosis of the lung
tissue (12), leading to restrictive impairment of lung
function, impaired gas exchange and progressive res-
piratory symptoms (13,14). In patients with RA, the
risk of ILD appears to increase with disease severity
and the level of systemic inflammation (15), support-
ing a mechanistic link between systemic inflammation
and pulmonary involvement. The association between
psoriatic disease and ILD remains uncertain. Given
that psoriatic disease is associated with systemic in-
flammation and several extracutaneous complications,
it may also be associated with ILD. Several observa-
tional studies have investigated the prevalence of ILD

in this population (16—24), but so far, the data have
not been synthesized in a meta-analysis. The aim of
this meta-analysis is to quantify the prevalence of ILD
in patients with psoriatic disease overall and in specific
subtypes (PsV, PsA, GPP), thereby providing a foun-

dation for future research.

Methods

This systematic review was performed in accord-
ance with the 2020 PRISMA statement (25). The
protocol was registered in PROSPERO May 2025. A
systematic literature search was conducted in PubMed,
Embase, and Scopus to identify all studies reporting
chest computed tomography (CT) or high-resolution
CT (HRCT) in patients with any psoriatic disease.
The search was performed in April 2025 and updated
in July 2025. Searches were limited to original research
articles involving human participants and published
in English. Review articles, conference abstracts, and
unpublished data were excluded. The complete search
strings for all databases are provided in the supple-
mentary material. Studies were considered eligible if
they met the following inclusion criteria: 1) Chest CT
or HRCT performed in patients with psoriatic disease;
2) Reporting the prevalence of ILD, interstitial pneu-
monia (IP), interstitial features including ground-glass
opacities, reticulation, honeycombing, traction bron-
chiectasis, or named ILD patterns i.e., usual interstitial
pneumonia (UIP), nonspecific interstitial pneumonia
(NSIP), and organizing pneumonia (OP); 3) Inclusion
of adult patients (=18 years); 4) Reporting original
research data. Exclusion criteria were: 1) Systemati-
cally including or excluding patients based on factors
influencing the risk of lung disease (e.g., pre-existing
pulmonary conditions, abnormal imaging findings, or
impaired lung function); 2) Non-original publications
such as reviews; 3) editorials and case reports; 4) Stud-
ies not published in English.

Study selection and data extraction

Title and abstract screening was performed inde-
pendently by three authors using Covidence.org. Full-
text screening was performed by three reviewers and
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disagreements were resolved by consensus. Reference
lists of included articles were screened for additional
eligible studies. Data were extracted using a prede-
fined data extraction form. Extracted data included: 1)
Study characteristics (year, country, study design, sam-
ple size); 2) Population details (age, psoriasis subtype,
smoking history, clinical symptoms, and inflamma-
tory markers); 3) CT/ HRCT findings and reported
prevalence of ILD and specific radiographic patterns;
4) Definitions used for ILD/IP and imaging features.

In this study, ILD was defined broadly to include
any of the following terms or radiological patterns re-

ported by the eligible studies: ILD, IP, UIP, NSIP, or OP.

Risk of bias assessment

Risk of bias was assessed using a modified version
of the Newcastle-Ottawa Scale (NOS) adapted for
cross-sectional and cohort studies (26). Studies were
evaluated across domains of selection, comparability,
and outcome assessment. A score of >7 was consid-
ered indicative of low risk of bias, 46 as moderate, and
<3 as high risk. The quality assessment template is pro-
vided in the supplementary material.

Statistical analysis

All statistical analyses were conducted using R
(version 4.3.2) with the ‘metafor’ package. A random-
effects meta-analysis of proportions was used to es-
timate the overall prevalence of ILD and specific
HRCT patterns. Heterogeneity between studies was
assessed using the I? statistic. Meta-analyses strati-
fied by psoriatic disease type, smoking history, sex,
and ILD type were conducted to explore potential
sources of heterogeneity. All estimates are presented
with 95% confidence intervals (95% CI). When age or
disease duration were reported for separate subgroups,
a weighted average for the total study population was
calculated. Random-effects meta-regression was then
conducted to estimate the prevalence of ILD according
to the study-specific mean/median age and psoriatic
disease duration. Sensitivity analyses were conducted
by restricting the analysis according to the following
parameters: 1) imaging performed prior to biologic
therapy; 2) studies with a total NOS score 26; 3)

exclusion of outliers.

Results

The PubMed, Embase,and Scopussearchesyielded
863 records after removal of duplicates (Figure 1).
Following title and abstract screening, 23 reports were
selected for full-text review. Of these, 12 fulfilled all
inclusion criteria, but one study was excluded due to
the exclusion of all patients with respiratory symptoms
(27). Thus, 11 studies were included in the systematic
review and meta-analyses (5,16,18-24,28,29). Char-
acteristics of the included studies are summarized in
Table 1. ILD definitions and diagnostic methods are
summarized in Table 2. Across the included studies,
the proportion of current or former smokers ranged
from 20% (22) to 58% (16).

ILD prevalence in any psoriatic disease

The pooled prevalence of ILD among patients
with any psoriatic disease was 3.6% (95% CI: 2.1~
5.0%). Between-study heterogeneity was very high
(I? = 98%) (Figure 2), corresponding to a wide predic-
tion interval of 0.0-8.7%.

When restricting the analysis to studies with a
NOS score 26, the prevalence increased slightly to
4.4% (95% CI: 1.6-7.3%), while heterogeneity im-
proved slightly (I? = 80%), and when restricting the
analysis to studies that performed imaging prior to the
initiation of biologics (16,19,20,23,24), the prevalence
of ILD further increased to 4.8% (95% CI: 2.0-7.6%),
while heterogeneity remained high (I> = 80%). Meta-
regression by disease duration indicated that ILD
prevalence increased by 0.43 percentage points per
year after approximately 10 years of disease (intercept:
-4.3, 95% CI: -0.15-1.10; R2 = 100%). However, the
model was not statistically significant (P = 0.14), and
the number of studies reporting disease duration was
limited (16,18,19,21). Meta-regression by the mean/
median age of the study populations showed that ILD
prevalence increased by 0.22 percentage points per
year from approximately 36 years of age (intercept:
-7.9, 95% CI: 0.02-0.41, P = 0.03) (Figure 3). The
model explained some between study heterogeneity
(R? = 56%). The high prevalence outliers (20,22,24)
included mainly patients with PsA (Table 1). When
both age and the proportion of PsV patients within
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Figure 1. PRISMA flow diagram illustrating the study selection process.

each study population were included as moderators
in a combined meta-regression, the model explained
most of the between-study heterogeneity (R? = 87%).
After adjustment for the proportion of PsV patients,
the estimated increase in ILD prevalence was 0.19
percentage points per year (95% CI: 0.08-0.30, p <
0.001). Conversely, when adjusted for age, a higher
proportion of PsV patients (i.e., a lower proportion of
PsA and GPP patients) was independently associated
with a lower ILD prevalence. Thus, a 10% increase to
the proportion of PsV patients corresponded to a 0.33
percentage point decline in ILD prevalence (95% CI:
0.09-0.57, p < 0.01).

Sex and smoking history

Subgroup analysis stratified according to sex
showed an ILD prevalence of 4.8% (95% CI: 2.6
7.0%; I? = 61%) in male patients and 2.9% (95%
CI: 0.6-5.2%; I> = 67%) in female patients. Analy-
sis stratified according to smoking history, showed
an ILD prevalence of 3.2% (95% CI: 0.1-6.3%;
I2 = 74%) in never-smokers, compared to 7.2% (95%
CI: 3.4-11.0%; I? = 74%) among current or former
smokers. Based on data from three studies (16,19,23),
the pooled prevalence of concurrent emphysema
among patients with psoriatic disease and ILD was

45% (95% CI: 27-63%; I = 23%).
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Table 1. Characteristics of included studies.

First author, UIP* n
country, Mean (%)
publication Psoriatic Patients, | age, AnyILD, |NSIP,n NOS
year disease type | n years | Recruitment setting n (%) (%) score
Kawamoto, PsV (75%) 392 53.9 Retrospective review of CT scans 8 (2%) UIP: Na S:2
Japan, 2018 PsA (21%) performed prior to initiation of NSIP:Na | C:2
(16) GPP (3%) biologics in of psoriatic patients O:1
Other (1%) T:5
Hagiwara, PsA (100%) | 41 45.6 Cross-sectional study examining 5(12.2%) | UIP: Na S: 4
Japan, 2020 consecutive patients with PsA NSIP: Na | C:2
(22) 0:0
T:6
Hara, Japan, PsV (82%) 294 54.0 Retrospective review of CT scans 10 (3.4%) | UIP: Na S:2
2021 (19) PsA (15%) performed prior to initiation of NSIP:Na | C:2
GPP (2%) biologics in of psoriatic patients O:1
Other (<1%) T:5
Miyagawa, PsV (87%) 603 54.0 Retrospective review of medical 18 (2.5%) | UIP: Na S:3
Japan, 2021 PsA (10%) records of psoriatic patients prior to NSIP:Na | C:2
(23) GPP (1%) initiation of biologics O:1
Other (2%) T:6
Morita, Japan, | PsV (97%) | 23905 62.8 | Registry-based study utilizing the 1145 (4.8%) | UIP:Na | S:0
2021 (5) GPP (3%) Japanese Medical Data Vision NSIP:Na |C:1
database which contains hospital- 0:0
based claims from acute care settings T:1
Okubo, Japan, | PsV (99%) 20364 42.6 Registry-based study utilizing the 193 (0.9%) | UIP: Na S:1
2021 (28) GPP (1%) Japanese Medical Data Center NSIP:Na [ C:1
database which contains claims data 0:0
from employed and insured individuals T:2
Rizzetto, Italy, | PsV (100%) | 3746 Na PsV patients with ILD identified via | 65 (1.7%) | UIP: 36 S:2
2023 (29) retrospective review of dermatology (1.0%) C:1
records. NSIP:19 | O:0
(0.5%) T:3
Hiiniir, Turkey, | PsA (100%) | 247 52.0 Retrospective review of hospital 9 (3.6%) UIP: 2 S:3
2024 (18) records. (0.8%) C:2
NSIP: 3 O:1
(1.2%) T:6
Kanaji, Japan, | PsV (43%) 117 55t Retrospective review of hospital 12 (10.3%) | UIP:2 S:2
2024 (20) PsA (56%) records. Imaging performed prior to (1.7%) C:2
GPP (2%) biologics and methotrexate. NSIP: 1 O:1
(0.9%) T:5
Ozkarafakili, | PsV (100%) | 270 48t Cross-sectional study of consecutive | 4 (1.5%) UIP: 2 S: 4
Turky, 2025 patients visiting the dermatology (0.7%) C:2
(21) outpatient clinic NSIP: 2 O:1
(0.7%) T:7
Monosi, Italy, | PsA (100%) | 322 56.3 Cross-sectional study of patients 27 (8.4%) | UIP:5 S: 4
2025 (24) with PsA from three Italian centers (1.6%) C:2
examined prior to initiation of NSIP:15 | O:2
biologics. (4.7%) T:8

Abbreviations: NOS = Newcastle—Ottawa Scale; S = Selection; C = Comparability; O = Outcome; T' = Total; PsA = psoriatic arthritis; PsV = psoriasis
vulgaris; UIP = usual interstitial pneumonia; NSIP = nonspecific interstitial pneumonia; GPP = Generalized pustular psoriasis. Maximum total NOS
score is 9. * Definite or probable UIP; T Reporting median age.
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Table 2. ILD definitions and diagnostic method.

CT modality
First Author Study design and coverage® (%) | ILD definition
Kawamoto etal. | Retrospective review | CT (100%) CT scans were evaluated for features of interstitial
of medical records pneumonia, including ground-glass opacities and reticulation,
by two specialists from the Japanese Respiratory Society.
Hagiwaraetal. | Cross-sectional Unknown (100%) | Interstitial pneumonia definition not clarified
Hara et al. Retrospective review | CT (Na) Interstitial pneumonia definition not clarified
of medical records
Miyagawa etal. | Retrospective review | CT (75%) CT scans were evaluated for interstitial pneumonia by two
of medical records specialists from the Japanese Respiratory Society.
Morita et al. Retrospective registry- | Unknown (Na) ICD-10 codes for interstitial pneumonia
based cohort study
Okubo etal. Retrospective registry- | Unknown (Na) ICD-10 codes for interstitial pneumonia
based cohort study
Rizzetto et al. Retrospective review | Unknown (Na) CT scans were evaluated for patterns of interstitial lung
of medical records disease by two radiologists with at least 10 years of experience
according to international consensus criteria.
Hiiniir et al Retrospective review | HRCT/CT (100%) | The interstitial lung disease classification was made based on
of medical records the 2002 ATS/ERS consensus criteria
Kanaji et al. Retrospective review | HRCT (63%) Interstitail lung disease was diagnosed based on clinical
of medical records features and high-resolution CT findings. scans were
evaluated by a pulmonologist and a chest radiologist, with
discrepancies resolved by consensus.
Ozkarafakil Cross-sectional HRCT (100%) HRCT scans were evaluated for patterns of UIP, probable
etal. UIP, or NSIP by two thoracic radiologists.
Monosi et al. Cross-sectional HRCT (100%) Interstital lung disease was diagnosed through a multidisciplinary
approach using HRCT features, and classified into UIP, probable
UIP, or NSIP patterns according to ATS/ERS guidelines.

Abbreviations: CT = computed tomography; HRCT = high-resolution computed tomography; ICD-10 = International Classification of Diseases,
10th revision; ATS = American Thoracic Society; ERS = European Respiratory Society; UIP = usual interstitial pneumonia; NSIP = nonspecific

interstitial pneumonia. *Coverage refers to the proportion of patients who underwent CT or HRCT.

Study Events Total PsV proportion Proportion 95%-Cl Weight
Ozkarafakil et al., 2025 4 270 1.00 S 0.015 [0.004;0.037] 10.6%
Rizzetto et al., 2023 65 3746 1.00 0.017 [0.013;0.022] 11.7%
Okubo et al., 2021 193 20364 0.99 0.009 [0.008;0.011] 11.8%
Morita et al., 2021 1145 23905 0.97 0.048 [0.045;0.051] 11.8%
Miyagawa et al., 2021 18 603 0.87 o 0.030 [0.018;0.047] 10.7%
Hara et al., 2021 10 294 0.82 —— 0.034 [0.016;0.062] 9.5%
Kawamoto et al., 2018 8 392 0.75 - 0.020 [0.009;0.040] 10.7%
Kanaji et al., 2024 12 117 0.43 . — 0.103 [0.054;0.172] 4.4%
Hunr et al., 2024 9 247 0.00 —_— 0.036 [0.017;0.068]  9.1%
Hagiwara et al., 2020 5 41 0.00 0.122 [0.041,0.262] 1.8%
Monosi et al., 2025 27 322 0.00 — 0.084 [0.056;0.120] 7.8%
Random effects model 50301 < 0.036 [0.021; 0.050] 100.0%
Heterogeneity: /> = 98%, t° = 0.0005, p < 0.01 ' ' ‘ : :
0 005 0.1 015 02

Figure 2. The prevalence of ILD in any psoriatic disease. Abbreviations: ILD = interstitial lung disease; PsV =
psoriasis vulgaris. Forest plot showing the pooled prevalence of ILD in patients with any psoriatic disease. The
studies are arranged according to the proportion of the study population with PsV. The diamond represents the
overall pooled prevalence estimate with its 95% confidence interval, calculated using a random-effects model.



SARCOIDOSIS VASCULITIS AND DIFFUSE LUNG DISEASES 2026; 43 (1); 17851 DOI: 10.36141/SVDLD.2026.17851 7

12% *

8%

4%

Prevalence of ILD

0%

45 50

Age

Sample size
@ 5000
@© 10000

© 15000
@ 20000

55 60

Figure 3. Prevalence of any ILD by mean/median age. Abbreviations: ILD = Inter-
stitial lung disease. Meta-regression of ILD prevalence according to mean/median
age. Each point represents a study, with point size proportional to the number of
included subjects. The black line represents the meta-regression, and the shaded area

indicates the 95% confidence interval.

HRCT patterns

The pooled prevalence of the UIP pattern among
patients with any psoriatic disease was 1.0% (95%
CI: 0.7-1.3%; I? = 0%), and the prevalence of the
NSIP pattern was 1.3% (95% CI: 0.2-2.4%; I% = 70%)
(Figure 4).

Psoriatic disease subtypes

Among patients with PsV, the pooled prevalence of
ILDwas2.4%(95%CI:1.1-3.6%;12=99%) (Figure 5A).
Exclusion of the outlier study by Kanaji et al. (20)
slightly reduced the prevalence estimate to 2.2% (95%
CI: 0.9-3.4%). However, heterogeneity remained high
(I? = 99%). When restricting to studies that performed
imaging prior to the initiation of biologics (16,19,20),
the prevalence of ILD in patients with PsV was 2.8%
(95% CI: 0.1-5.5%; I = 68%) (Figure 6A).

Among patientswith PsA, the pooled prevalence of
ILDwas5.7%(95% CI:2.5-8.9%;12=73%) (Figure 5B).
When restricting to studies that performed imaging
prior to the initiation of biologics (16,19,20,24), the
prevalence of ILD was 5.9% (95% CI: 1.6-10.1%; I?

= 81%) (Figure 6B). Among patients with GPP, the
pooled prevalence of ILD was 8.4% (95% CI: 6.4~
10.4%; 12 = 0%) (Figure 5C). No sensitivity analysis
was performed due to absence of outliers and few
studies.

Discussion

This meta-analysis is, to the best of our knowl-
edge, the first to systematically synthesize data on the
prevalence of ILD in patients with psoriatic disease.
The pooled ILD prevalence in patients with any pso-
riatic disease was 3.6%. In comparison, the estimated
prevalence of ILD in the general population is less
than 0.1% (30). However, caution is warranted when
comparing this prevalence estimate to the background
population, given potential differences in demographic
characteristics and exposures such as medication,
work environment, and smoking history. Thus, ILD
prevalence may reach up to 5% in individuals from
the general population with a smoking history of 210
pack-years, as reported in the COPDGene study (31).
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A UIP prevalence

Study Events Total Age Proportion 95%-Cl Weight
Ozkarafakil et al., 2025 2 270 48.0 —_— 0.007 [0.001;0.027] 7.5%
Hunur et al., 2024 — 0.008 [0.001;0.029] 6.3%

Kanaji et al., 2024 2 117 55.0

2 247 52.0 *

0.017 [0.002;0.060] 1.4%

Monosi et al., 2025 5 322 56.3 e 0.016 [0.005;0.036] 4.3%
Rizzetto et al., 2023 36 3746 Na . 0.010 [0.007;0.013] 80.5%
Random effects model 4702 0 0.010 [0.007; 0.013] 100.0%
Heterogeneity: P= 0%, 2= 0,p =085 J ) !

0 0.05 0.1
B NSIP prevalence
Study Events Total Age Proportion 95%-Cl Weight
Ozkarafakill et al. 2025 2 270 48.0 —.‘— 0.007 [0.001;0.027] 22.6%
Handr et al. 2024 3 247 52.0 —— 0.012 [0.003;0.035] 19.7%
Kanaji etal. 2024 1 117 55.0 B E— 0.009 [0.000;0.047] 17.3%
Monosi et al. 2025 15 322 56.3 i 0.047 [0.026;0.076] 12.8%
Rizzetto etalf, 2023 19 3746 Na = 0.005 [0.003;0.008] 27.5%
Random effects model 4702 .’ 0.013 [0.002; 0.024] 100.0%
Heterogeneity: /* = 70%, = = 0.0001, p < 0.01 \ y |

0 0.05 0.1

Figure 4. The prevalence of UIP and NSIP patterns in any psoriatic disease. Abbreviations: UIP = usual inter-
stitial pneumonia; NSIP = nonspecific interstitial pneumonia. Forest plot showing the pooled prevalence of
UIP (A) and NSIP (B). Prevalence estimates are presented as proportions. The diamond represents the overall
pooled prevalence estimate with its 95% confidence interval, calculated using a random-effects model.

Risk of ILD across psoriasis subtypes

ILD prevalence varied notably between psoriatic
disease subtypes, with estimated rates of 2.4% in PsV,
5.7% in PsA, and 8.4% in GPP. Similar patterns have
been observed in an American registry-based study,
where patients with PsA had a significantly higher
ILD risk compared to both matched controls (rela-
tive risk 1.9) and PsV (relative risk 1.5) (32). When
comparing PsA to PsV, immunosuppressive therapies
were included in the matching, along with smoking,
age, sex, race, and body mass index, implying that
the observed difference in ILD risk is unlikely to be
explained by these factors alone. Similarly, a Nordic
registry-based study reported a fourfold increased risk
of ILD in patients with PsA who were treated with bi-
ologics, compared to matched controls. Among these
patients, concomitant methotrexate use was associated
with a hazard ratio of 0.9 for ILD. Thus, methotrexate
co-medication did not appear to increase ILD risk in
this study (33). While the evidence consistently indi-
cates an increased risk of ILD in PsA patients, findings
for PsV are conflicting (5,28,32), and further research

is needed to establish whether the risk of ILD is in-
creased in these patients.

Potential pathophysiological mechanisms
and risk factors

PsA has been associated with an increased risk
of cardiovascular disease, type 2 diabetes, and hyper-
lipidemia compared to PsV (34). This may reflect a
greater systemic inflammatory burden of PsA (35,36),
and longer psoriatic disease duration, as PsV often
precedes PsA (37) leading to increased cumulative ex-
posure to systemic inflammation. Moreover, a swollen
joint count >3 has been linked to an increased risk of
ILD in patients with PsA (24), supporting that severe
psoriatic disease may increase ILD risk. Our meta-
regression analyses demonstrated that age was associ-
ated with a higher prevalence of ILD. Although the
association did not reach statistical significance, ILD
prevalence appeared to increase with disease duration
as well. Disease duration, disease severity and systemic
inflammation have been associated with an increased

risk of ILD in patients with RA (15). Similarly,
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A ILD Prevalence in Psoriasis vulgaris

Study Events Total Proportion 95%-Cl Weight
Kawamoto et al., 2018 4 294 —'—- 0.014 [0.000;0.027] 15.5%
Hara et al., 2021 7 241 —— 0.029 [0.008;0.050] 12.3%
Okubo et al., 2021 182 20254 i 0.009 [0.008;0.010] 18.6%
Morita et al., 2021 1095 23291 0.047 [0.044;0.050] 18.5%
Rizzetto et al., 2023 65 3746 | 0.017 [0.013;0.022] 18.3%
Kanaiji et al., 2024 6 50 0.120 [0.030;0.210] 1.8%
Ozkarafakili et al., 2025 4 270 =+ 0.015 [0.000;0.029] 15.0%
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Figure 5. The prevalence of ILD in Psoriasis vulgaris, Psoriatic arthritis and generalized pustular psoriasis.
Abbreviation: ILD = interstitial lung disease. Forest plots showing the pooled prevalence of ILD in patients with
psoriasis vulgaris (A), psoriatic arthritis (B), and generalized pustular psoriasis (C). The blue diamonds illustrate
the overall pooled prevalence estimates with 95% confidence interval, calculated using a random-effects model.

systemic inflammation has been linked to a higher risk
of ILD in primary Sjégren’s syndrome (11), as well as
increased mortality in RA-associated ILD (RA-ILD),
IPF, and systemic sclerosis—associated ILD (SSc-ILD)
(38). Further research is needed to clarify whether dis-
ease duration, disease severity and systemic inflamma-
tion are also associated with an increased risk if ILD
in patients with psoriatic disease. The estimated preva-
lence of ILD was approximately twice as high among

patients with any psoriatic disease who had a history
of tobacco smoking. Thus, tobacco smoking may in-
crease ILD risk, consistent with observations in pri-
mary Sjogren’s syndrome, RA and IPF (11,15,39,40).
However, confidence intervals did overlap, limiting
firm conclusion. In this meta-analysis, 45% of patients
with psoriatic disease and ILD also exhibited emphy-
sema, a prevalence comparable to that observed in

RA-ILD and IPF patients (41), likely reflecting the
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Figure 6. ILD prevalence in Psoriasis vulgaris and Psoriatic arthritis prior to treatment with biologics.
Abbreviations: ILD = interstitial lung disease; PsA = psoriatic arthritis PsV = Psoriasis vulgaris. Forest plots
showing the pooled prevalence ILD prior to initiation of biologics in patients with A) psoriasis vulgaris and
B) psoriatic arthritis. The diamond represents the overall pooled prevalence estimate with its 95% confidence

interval, calculated using a random-effects model.

shared risk factor of cigarette smoking. Thus, cigarette
smoking and psoriatic disease may have an additive
effect in causing ILD as observed in other immune-
mediated diseases (11,15). While cigarette smoking
appears to increase the risk of ILD, Rizzetto et al. re-
ported that more than one-third of psoriatic patients
with a UIP pattern were never-smokers (29), indicat-
ing that fibrotic ILD may develop even in the absence
of cigarette smoke exposure. Both IPF and RA-ILD
with UIP patterns are known to carry a poor prognosis
(42—46), and further studies are needed to determine
whether UIP in the context of psoriatic disease is as-
sociated with similar outcomes. The prevalence of ILD
appeared to be higher in male patients. This is con-
sistent with findings in both RA-ILD and IPF, where
male sex is a recognized risk factor (33,47-49). This
association may, in part, reflect sex-related differences
in health-related behaviors, including cigarette smok-
ing. Drug-induced ILD has been reported as a com-
plication of various drugs including disease-modifying
anti-rheumatic drugs (DMARDs) and biolog-
ics (17,23,50-56). Traditionally, it has been defined,

according to Camus et al. (57), as ILD with a temporal
association to a drug known to cause ILD, the absence
of any alternative plausible cause, and improvement
upon drug withdrawal. However, the diagnosis of
drug-induced ILD remains challenging, especially in
patients with systemic inflammatory diseases, where an
undiagnosed underlying ILD could be misinterpreted
as drug-induced. To establish the diagnosis with cer-
tainty in these patients, it would require relevant imag-
ing demonstrating no signs of ILD immediately prior
to drug initiation, followed by the onset of ILD with
a clear temporal relationship to the drug in question
and improvement upon drug withdrawal. In practice,
the diagnosis is rarely established on such a solid basis,
as pre-treatment imaging is not routinely available and
other interventions or comorbidities may confound
the temporal association. Consequently, the attribu-
tion of ILD to drug exposure often remains presump-
tive rather than definitive, highlighting the inherent
challenges in distinguishing drug-induced ILD from
ILD caused by the underlying systemic inflamma-
tory disease. Recent studies indicate that methotrexate
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and biologics are not associated with an increased risk
of ILD in RA and may even have a protective effect
(15,58,59), whereas corticosteroids may increase the
risk of ILD in RA patients (15). In the present meta-
analysis, five studies (16,19,20,23,24) reported ILD
prevalence prior to the initiation of biologic therapy.
Restricting the analysis to these studies resulted in a
slightly higher estimated prevalence of ILD in both
PsV and PsA, indicating that ILD is typically pre-
sent in psoriatic patients prior to initiation of biologic
therapy. Future studies could explore whether biologic
therapies might exert a protective effect on the lungs
by reducing systemic inflammation, analogous to find-
ings in psoriasis and CVD where biologics have been
shown to reduce coronary artery inflammation and
the risk of CVD (7,8). Only Kanaji et al (20) assessed
ILD prevalence before initiation of any treatment as-
sociated with drug-induced lung injury, including
DMARDs and biologics. Consequently, it remains
uncertain to what extent DMARD-induced lung in-
jury may have contributed to the reported ILD preva-
lence, and further studies are warranted to determine
whether DMARD:s increase the risk of ILD in pso-
riatic patients. Regardless of etiology, the seemingly
increased prevalence of ILD in patients with psoriatic
disease, particularly PsA and GPP, highlights the im-
portance of clinical vigilance. To ensure early identifi-
cation of parenchymal changes or pulmonary function
impairment, healthcare providers should remain aware
of the potential for pulmonary involvement in pa-
tients with psoriatic disease. We suggest that clinicians
consider pulmonary evaluation, including pulmonary
function testing and HRCT, in psoriatic patients pre-
senting with unexplained respiratory symptoms such
as progressive dyspnea, particularly when additional
risk factors such as older age or cigarette smoking are
present. Future research may help clarify whether PsV
is associated with ILD, as well as elucidate the poten-
tial pathophysiological mechanisms linking psoriatic
disease and ILD. In addition, further studies could
explore the clinical relevance and prognosis of differ-
ent HRCT patterns, such as UIP and NSIP, within
this patient population. Finally, future research could
investigate the utility of lung ultrasound (LUS) as a
screening tool for ILD in psoriatic patients. A growing
body of literature has investigated the diagnostic utility

of LUS in Connective Tissue Disease-associated ILD
(CTD-ILD), with reported sensitivities often around
80% (60-63), but the current European Respiratory
Society (ERS) / European Alliance of Associations for
Rheumatology (EULAR) guidelines suggest not to
replace HRCT with lung ultrasound (LUS) for CTD-
ILD screening (64). LUS presents several advantages:
it is readily available, radiation-free, and economically
viable compared to HRCT. Consequently, LUS could
potentially serve as a valuable alternative screening
method in the future. The primary limitation of LUS
is its inherent user-dependent nature. Furthermore,
HRCT would still be required subsequently to verify
the diagnosis and accurately quantify parenchymal in-
volvement. Therefore, LUS could potentially serve as
an initial screening tool when the suspicion of ILD is

low to moderate, but high-risk patients should prob-
ably proceed directly to HRCT.

Limitations

Differences in study methodology, ILD defini-
tions, CT modality and population characteristics, in-
cluding psoriatic disease subtype and mean age, likely
contributed to the substantial heterogeneity observed
in the meta-analysis of ILD prevalence in any psoriatic
disease. Meta-regression including both mean/median
age and the proportion of PsV patients explained most
of the between-study heterogeneity (R? = 87%), high-
lighting that both age and psoriatic disease subtype
contribute substantially to the between-study variabil-
ity in reported ILD prevalence. Therefore, the overall
ILD prevalence estimate in any psoriatic disease re-
ported in this meta-analysis should be interpreted with
caution, as without consideration of psoriatic disease
subtype and age, its clinical relevance is likely lim-
ited. The meta-regression method has certain limita-
tions which should also be considered. First, the use
of study-level rather than individual patient data in-
troduces the risk of ecological fallacy, where associa-
tions observed at the study level may not reflect true
relationships at the individual level (65). Second, the
meta-regression assumes a linear relationship between
age and ILD prevalence, which may not hold true
across the entire lifespan, and non-linear patterns or
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thresholds could remain undetected due to the limited
number of studies. Most of the included studies were
based on hospital cohorts, which may have led to se-
lection of patients with more severe psoriatic disease
and an overestimation of ILD prevalence. Conversly,
CT or HRCT was rarely performed in all study par-
ticipants, and older studies often relied on CT rahter
than HRCT, potentially leading to underestimation of
ILD prevalence. Accordingly, Kanaji et al. (20), who
employed HRCT, reported a higher prevalence of
ILD, although most cases were mild, with only four
out of 12 involving >20% of the lung fields, and just
three meeting criteria for definite or probable UIP or
NSIP. Finally, most studies were conducted in Japa-
nese populations, limiting the generalizability of the
findings to other countries and ethnic groups. Differ-
ences in ethnic and genetic background, environmental
exposures, clinical awareness, and ILD definitions may
contribute to geographical variations in ILD preva-
lence. Additional studies from geographically and
ethnically diverse populations are therefore needed to
clarify whether the observed ILD prevalence reflects
a universal pattern or is specific to certain regions or
ethnic groups.

Conclusion

ILD appears to be a clinically relevant comorbid-
ity in patients with psoriatic disease, particularly among
those with PsA and GPP, with estimated prevalences of
5.7% and 8.4%, respectively. The estimated prevalence
among patients with PsV was lower at 2.4%, and whether
this represents an increased risk compared to the gen-
eral population remains uncertain. Approximately 1%
of patients exhibited a UIP pattern on HRCT, which
may be of prognostic relevance given the poor outcomes
typically associated with UIP. Male sex, a history of
cigarette smoking and old age may be important risk
factors of ILD. Future research could investigate how
disease duration and severity, may influence ILD risk
in this population, and whether biologics may confer
a protective effect. These results should be interpreted
with caution due to methodological heterogeneity and
the observational nature of the data. Nonetheless, ILD
may represent a potential comorbidity in patients with

psoriatic disease, particularly in those with respiratory
symptoms or established risk factors. In such cases, fur-
ther diagnostic evaluation, including HRCT and pul-
monary function testing, should be considered.
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