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Introduction: To verify our hypothesis that psoriatic arthritis (PsA) is mainly

genetically predetermined and distinct from psoriasis (PsO), we use the TriNetX

database to investigate whether intrinsic factors outweigh externals in PsA

emergence in PsO patients.

Methods: We conducted three retrospective cohort studies utilizing information

from the TriNetX network, whether (a) PsO patients with type 2 diabetes mellitus

(DM) face an elevated risk of developing PsA compared to those without type 2

DM; (b) PsO patients who smoke face a higher risk of PsA; and (c) PsO patients

with type 2 DM who smoke are more likely to develop PsA than those who do

not smoke.

Results: PsO patients with type 2 DM exhibited an elevated risk of developing

PsA [hazard ratio (HR), 1.11; 95% CI 1.03–1.20], with the combined outcome

demonstrating a heightened HR of 1.31 (95% CI 1.25–1.37). PsO patients with a

smoking history exhibited an elevated risk of developing PsA (HR, 1.11; 95% CI

1.06–1.17), with the combined outcome demonstrating a heightened HR of 1.28

(95% CI 1.24–1.33). PsO patients with type 2 DM and a history of smoking were

not found to be associated with an increased risk of developing PsA (HR, 1.05;

95% CI 0.92–1.20). However, the combined result revealed a higher risk of 1.15

(95% CI 1.06).

Discussion: These findings suggested that intrinsic factors outweigh external

factors in PsA emergence in PsO patients. Further studies may focus on genetic

disparities between PsO and PsA as potential risk indicators rather than solely on

phenotypic distinctions.
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Introduction

Psoriatic arthritis (PsA) is a persistent inflammatory condition characterized by

various musculoskeletal symptoms, such as peripheral arthritis, dactylitis, enthesitis, and

spondylitis, linked to a history of psoriasis (PsO) or ongoing PsO disease. The reported

incidence rate of PsA in individuals with PsO ranges from 6 to 41% (1). Approximately 70%

of PsA cases are diagnosed around 9–10 years after the initial diagnosis of PsO, while 20%

are diagnosed simultaneously with PsO. Less than 10% of PsA cases are identified without
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PsO lesion (2). With advancements in PsO treatment, including

new biologic disease-modified anti-rheumatic drugs (bDMARDs),

recent evidence suggests that using either biologics or conventional

synthetic disease-modified anti-rheumatic drugs (csDMARDs) for

PsO can reduce the likelihood of developing PsA (3–5). Animal

models indicate that persistent interleukin (IL)-23 stimulation may

trigger PsO, and its continuation may lead to the development

of PsA, suggesting IL-23 as a potential pathogenic initiator for

both conditions (6). Some studies propose that the Psoriasis

Area and Severity Index (PASI) and body mass index (BMI) as

external factors may influence the transition from PsO to PsA

(7). Consequently, early intervention in PsO is recommended to

prevent the onset of PsA, particularly with the use of enhanced

bDMARDs treatment for PsO (8).

Nevertheless, approximately 5–10% of PsA patients experience

musculoskeletal manifestations before the appearance of psoriasis

skin lesions (9). Despite using advanced biologics in PsO treatment,

PsA can still manifest, even with aggressive PsO treatments (10–

14). Considering the transition from PsO to PsA, various endeavors

have been undertaken in clinical, genetic, epigenetic, imaging

abnormality, cellular, tissue, and molecular markers to identify

potential risk factors for PsO patients progressing to PsA. However,

the results of these efforts remain somewhat disappointing (15).

The prevailing viewpoint considers PsO and PsA

manifestations of the same disease with distinct phenotypes,

and it is commonly believed that PsA represents a progression

from PsO. However, from our clinical observations and the

inconsistent evidence presented above, we considered that PsA and

PsO share similar but not identical genetic backgrounds, leading to

different signaling pathways and resulting in distinct phenotypes.

We liken this relationship to that of brothers, not twins. Contrary

to the notion that PsA develops as a transition from PsO, we

proposed that the intrinsic factors outweigh externals in PsA

emergence in PsO patients, not a sequential progression from PsO.

Given the known genetic connection between PsO and metabolic

conditions such as type 2 diabetes mellitus (DM) (16–18), we chose

type 2 DM as an intrinsic factor to see its impact on PsA emergence

in PsO patients.

On the other hand, considering smoking as an external trigger

documented to worsen Psoriasis Area Severity Index (PASI) scores

(19, 20). And is thought to increase the risk of PsA onset in PsO

patients (21), we chose smoking as an external factor to see its

influence on PsA development in PsO patients. To access our

hypotheses, we utilized the TriNetX database to investigate whether

(a) PsO patients with type 2 DM face an elevated risk of developing

PsA compared to those without type 2 DM; (b) PsO patients who

smoke face a higher risk of PsA; and (c) PsO patients with type 2

DM who smoke are more likely to develop PsA than those who do

not smoke.

Methods

Data source

Two retrospective cohort studies utilized information from the

TriNetX network (https://trinetx.com/). TriNetX is a global health

research network that provides access to de-identified electronic

medical records, covering diagnoses, procedures, medications,

laboratory test results, and genomic information. We obtained data

from a subset of the database involving 56 healthcare organizations

in the United States. The data analysis was executed in September

2023. This dataset has been validated in many previous studies

(3, 22). The TriNetX platform uses aggregated counts and statistic

summaries of de-identified information, and no protected health

information or personal data is available to the platform users;

therefore, after consulting the local institutional review board, there

is no need for ethical approval on studies using the TriNetX health

research network.

Study population

This retrospective cohort study spanned from January 1, 2012,

to December 30, 2022. The first cohort included individuals

diagnosed with PsO using the ICD-10-CM code L40 within this

timeframe. The variable of interest was type 2 diabetes, identified

through ICD-10-CM codes E08 and E11. The study cohort

comprised individuals with PsO with type 2 DM, while the control

group consisted of PsO patients without type 2 DM.

Subsequently, the second cohort included individuals

diagnosed with PsO based on ICD-10-CM code L40 during

the same period. The variable of interest was smoking, which

was identified by the ICD-10-CM codes Z72.0 and F17. The

study cohort included individuals with both PsO and smoking

history, while the control group encompassed PsO patients who

were non-smokers.

We additionally grouped individuals with PsO and type 2 DM

to compare the risk of PsA with and without smoking.

Outcome and covariates

The primary outcome involved the identification of PsA (ICD-

10-CM codes L40.5). Second, we combined each outcome with

death in a composite measure to address competing risks and

survivorship bias. The study encompassed a range of covariates

considered within 1 year preceding the index date. Demographic

variables included age at the index date, sex, ethnicity, and

race. Medical utilization was evaluated by assessing Office or

Other Outpatient Services (CPT: 1013626) and Hospital Inpatient

Services (CPT: 1013659). Socioeconomic and psychosocial aspects

were explored using codes associated with issues in education

and literacy (Z55), employment and unemployment (Z56),

occupational exposure to risk factors (Z57), and housing and

economic circumstances (Z59). Lifestyle factors, such as tobacco

use (ICD-10-CM codes Z72.0), nicotine dependence (ICD-10-

CM codes F17), and alcohol-related disorders (ICD-10-CM codes

F10), were considered. Additionally, various comorbidities were

included in the analysis, such as hypertensive diseases (ICD-10-CM

codes I10-I16), hyperlipidemia (ICD-10-CM codes E78), asthma

(ICD-10-CM codes J45), COPD (ICD-10-CM codes J44), atrial

fibrillation and flutter (ICD-10-CM codes I48), heart failure (ICD-

10-CM codes I50), mental/dementia (ICD-10-CM codes F01-

F09), chronic kidney disease (ICD-10-CM codes N18), anxiety
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disorders (ICD-10-CM codes F41), and diseases of the liver (ICD-

10-CM codes K70-K77). These comprehensive variables were

analyzed to uncover potential associations and impacts within the

study population.

Statistical analysis

To mitigate the impact of confounding variables, we employed

TriNetX’s built-in function to create groups with matched

baseline characteristics through 1:1 propensity score matching. The

standardized mean difference (SMD) was utilized to assess the

balance of baseline characteristics in the propensity score-matched

groups. SMD values below 0.10 serve as an indicator of balance

within the studied population.

Cox proportional hazards regression analysis was conducted

to compare paired cohorts, presenting hazard ratios and 95%

confidence intervals (95% CI). The incidence of psoriatic arthritis

was determined using the Kaplan-Meier method, and the log-rank

test was applied. Statistical significance was defined as a p-value

< 0.05.

Results

Baseline characteristics of the study
population

We have presented baseline demographic data for

various groups in two retrospective cohorts, as outlined in

Supplementary Tables 1, 2. After applying Propensity Score

Matching (PSM) to the first cohort, we identified 42,315 patients

in the PsO with type 2 DM groups and the PsO without type 2

DM groups. Notably, the PsO group included no patients with

type 2 DM. In the second cohort post-PSM, we identified 74,046

patients with a history of smoking in the PsO group and an equal

number of 74,046 patients without a history of smoking in the

PsO group. The demographic distributions and comorbidities

exhibited similarities between the study and control groups, with

standardized differences consistently below 0.1.

Psoriasis and type 2 diabetes patients face a
higher risk of psoriatic arthritis

Table 1 illustrates the findings from Cox regression analysis for

the initial group. In comparison to patients with PsO but without

type 2 DM, those with both PsO and type 2 DM exhibited an

elevated risk of developing PsA (HR, 1.11; 95% CI 1.03–1.20), with

the combined outcome demonstrating a heightened hazard ratio of

1.31 (95% CI 1.25–1.37). Figure 1 shows the Kaplan-Meier curves

revealed a higher incidence of PsA in the group with both PsO with

type 2 DM compared to the group without type 2 DM (log-rank P

< 0.001).

Upon conducting a stratified analysis, it was observed that

females with PsO and type 2 DM faced an increased risk of

developing PsA compared to PsO patients without type 2 DM (HR,

1.27; 95% CI 1.14–1.41), as detailed in Table 2. We additionally

TABLE 1 Hazard ratio and 95% CIs for the risk of psoriatic arthritis.

Patients
in cohort

Patients with
outcome

Hazard ratio∗

(95% CI)

Composite End Points

Risk of psoriatic arthritis

Psoriasis with

type 2 diabetes

42,315 1,281 1.11 (1.03, 1.20)

Psoriasis without

type 2 diabetes

42,315 1,296 Reference

Risk of psoriatic arthritis or mortality

Psoriasis with

type 2 diabetes

42,315 4,245 1.31 (1.25, 1.37)

Psoriasis without

type 2 diabetes

42,315 3,708 Reference

∗Hazard ratio for outcomes among Psoriasis with type 2 diabetes group compared to Psoriasis

without type 2 diabetes group subjects (after prosperity score matching).

95% CI, 95% confidence interval.

conducted a sensitivity analysis utilizing the Global Collaborative

Network (Supplementary Table 3), and the findings remained

consistent. In comparison to patients with PsO but without type 2

DM, those with both PsO and type 2 DM exhibited an elevated risk

of developing PsA (HR, 1.09; 95%CI 1.01–1.18), with the combined

outcome demonstrating a heightened hazard ratio of 1.32 (95%

CI 1.26–1.38).

Psoriasis and smoking patients face a
higher risk of psoriatic arthritis

Table 3 illustrates the findings from Cox regression analysis

for the initial group. In comparison to patients with PsO but

without a smoking history, those with both PsO and smoking

history exhibited an elevated risk of developing PsA (HR, 1.11;

95% CI 1.06–1.17), with the combined outcome demonstrating a

heightened hazard ratio of 1.28 (95% CI 1.24–1.33). Figure 2 shows

the Kaplan-Meier curves revealed a higher incidence of PsA in the

group with both PsO and smoking history compared to the PsO

group without smoking history (log-rank P < 0.001).

Psoriasis combined with type 2 diabetes
and smoking face a slightly higher risk of
psoriatic arthritis

Table 4 outlines the outcomes derived from the Cox regression

analysis for this group. In contrast to individuals with PsO and type

2 DM but without a smoking history, those with both PsO and type

2DM and a history of smoking were not found to be associated with

an increased risk of developing psoriatic arthritis (HR, 1.05; 95%

CI 0.92–1.20). However, the combined result revealed a higher risk

of 1.15 (95% CI 1.06–1.23). Figure 3 depicts Kaplan-Meier curves,

indicating that the group with a history of smoking, along with

PsO and DM, experienced a higher incidence of psoriatic arthritis
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FIGURE 1

Kaplan-Meier curves of cumulative probability (%) of psoriatic arthritis comparing psoriasis with type 2 diabetes and without type 2 diabetes groups.

TABLE 2 Hazard ratio and 95% CIs for the risk of psoriatic arthritis by

stratified analysis.

Patients with outcome Hazard
ratio∗

(95% CI)Psoriasis
with type 2
diabetes

Psoriasis
without type
2 diabetes

Composite End Points

Risk of psoriatic arthritis

Sex

Female 732 633 1.27 (1.14–1.41)

Male 538 624 0.98 (0.87, 1.10)

Age

≤50 460 502 1.03 (0.91, 1.17)

>51 887 965 1.01 (0.92, 1.10)

Race

Black or

African

American

94 97 1.02 (0.77, 1.36)

White 922 995 1.05 (0.96, 1.15)

Asian 57 57 1.19 (0.82, 1.72)

∗Hazard ratio for outcomes among Psoriasis with type 2 diabetes group compared to Psoriasis

without type 2 diabetes group subjects (after prosperity score matching).

compared to the group without a smoking history (log-rank P <

0.001).

Discussion

With retrospective cohort data from the TriNetX database, our

findings first revealed that PsO patients with type 2 DM exhibit

a higher incidence rate of PsA than PsO patients without type

2 DM. Additionally, we showed that PsO patients who smoke

also demonstrate an elevated incidence rate of PsA compared to

TABLE 3 Hazard ratio and 95% CIs for the risk of psoriatic arthritis.

Patients
in cohort

Patients with
outcome

Hazard ratio∗

(95% CI)

Composite End Points

Risk of psoriatic arthritis

Psoriasis with

smoking history

74,046 3,010 1.11 (1.06, 1.17)

Psoriasis without

smoking history

74,046 2,568 Reference

Risk of psoriatic arthritis or mortality

Psoriasis with

smoking history

74,046 7,142 1.28 (1.24, 1.33)

Psoriasis without

smoking history

74,046 5,344 Reference

∗Hazard ratio for outcomes among Psoriasis with smoking history group compared to

Psoriasis without smoking history group subjects (after prosperity score matching).

95% CI, 95% confidence interval.

non-smoking PsO patients. However, the impact of smoking seems

less pronounced than that of type 2DM in influencing the incidence

of PsA. We further revealed that smoking does not considerably

increase the incidence rate of PsA in PsO patients with type 2

DM. With these findings, we found that intrinsic factors outweigh

external factors in PsA emergence in PsO patients and propose

the hypothesis that genetic factors play a more substantial role

in the occurrence of PsA in PsO patients compared to external

factors such as smoking. In essence, the development of PsA in PsO

patients appears predetermined rather than transitioning from PsO

due to inadequate control of skin lesions.

Previous genome-wide association analyses of PsA and PsO

uncovered distinct genetic architectures for these conditions (23). A

recent genome-wide meta-analysis study found that the heritability

of PsA is comparable to that of PsO; it identified a novel genome-

wide significant susceptibility locus for PsA development on

chromosome 22q11, and key pathways differentiating PsA from

PsO, such as NF-κB and Wnt signaling, were identified (24).
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FIGURE 2

Kaplan-Meier curves of cumulative probability (%) of psoriatic arthritis comparing psoriasis with smoking history and without smoking history groups.

Caputo’s review revealed that PsO and PsA exhibited distinct

genes but shared some genetic factors (25). According to Mulder’s

systemic reviews, specific genetic markers demonstrated moderate

evidence as potential risk factors for the onset of PsA in individuals

with PsO. Notably, the presence of HLA-B∗27 was higher in

PsO patients who developed arthritis than those who did not,

suggesting a possible differentiation capability for HLA-B∗27 in

identifying PsO patients with or without PsA. Additionally, the

occurrence of a specific single nucleotide polymorphism (SNP)

in IL-12 (rs2082412) was found to be lower in PsA patients

compared to those with PsO (26). Zabotti’s meta-analysis identified

various risk factors for PsA in individuals with PsO, such as

a family history of PsA, the severity of PsO, nail involvement,

BMI, image-detected musculoskeletal (MSK) inflammation, and

arthralgia (7). Image-detected MSK inflammation and arthralgia

may not be considered risk factors for the development of PsA in

PsO patients, as these symptoms could appear in PsA-confirmed

patients. Exploring residual risk factors, it becomes evident that

both genetic components and external triggers play roles in the

development of PsA in PsO. Drawing on these genetic studies,

risk factors, and our research findings, we propose that these

two diseases possess distinct genetic backgrounds despite sharing

a connection. Their courses may manifest differently, primarily

due to internal rather than external factors, and this perspective

underscores the notion that PsO and PsA are akin to brothers rather

than twins.

The latest meta-analysis examining whether biological

treatments for PsO reduce the risk of PsA reported positive

results (27), contrary to Meer’s opposing findings (28). In an

animal study by Chen et al., PsA developed after the onset of

PsO due to sustained IL-23 production (6). Consequently, it is

suggested that PsA progressed from PsO, and early intervention

with csDMARDs or bDMARDs, especially bDMARDs on IL-12/23

axial, is a hint to prevent the onset of PsA (8). However, it’s

important to note that animal study results may not necessarily

align with human outcomes. Furthermore, Singla’s research shows

that, compared to tumor necrosis factor (TNF) inhibitors, IL-23

and IL-12/23 “inhibitor” may lower the incidence of PsA in PsO.

TABLE 4 Hazard ratio and 95% CIs for the risk of psoriatic arthritis.

Patients
in cohort

Patients with
outcome

Hazard ratio∗

(95% CI)

Composite End Points

Risk of psoriatic arthritis

Psoriasis and

type 2 diabetes

with smoking

13,065 434 1.05 (0.92, 1.20)

Psoriasis and

type 2 diabetes

without smoking

13,065 425 Reference

Risk of psoriatic arthritis or mortality

Psoriasis and

type 2 diabetes

with smoking

13,065 1,484 1.15 (1.06, 1.23)

Psoriasis and

type 2 diabetes

without smoking

13,065 1,355 Reference

∗Hazard ratio for outcomes among Psoriasis with smoking history group compared to

Psoriasis without smoking history group subjects (after prosperity score matching).

95% CI, 95% confidence interval.

Nevertheless, a closer examination reveals that in the IL-12/23

subgroup, the prevalence of diabetes and smoking is lower than

in other subgroups. As our findings demonstrate that diabetes

and smoking can increase the incidence of PsA in PsO patients,

it’s crucial to acknowledge that these variables were not adjusted,

potentially influencing the study results. Additionally, csDMARDs

and bDMARDs used in PsO patients have already demonstrated

the effects on PsA (29). While these medications can temporarily

alleviate symptoms and signs of arthritis, enthesitis, and dactylitis,

their impact diminishes over time. Consequently, csDMARDs and

bDMARDs can be observed to reduce the incidence of PsA in PsO

patients, but they do not offer a permanent solution to prevent the

occurrence of PsA.

The shift from PsO to PsA has long been assumed, promoting

numerous attempts to identify the risk factors in PsO patients
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FIGURE 3

Kaplan-Meier curves of cumulative probability (%) of psoriatic arthritis comparing psoriasis and type 2 diabetes with smoking history and without

smoking history groups.

that would lead to the development of PsA. However, these efforts

have yet to yield conclusive results (15). Suppose all PsA cases

originated from PsO. In that case, it remains puzzling why only

30% of PsO patients eventually experience PsA, why ∼10% of PsA

cases emerge before the onset of PsO, and why PsA can still occur

even after PsO lesions have been cleared through robust treatment

with csDMARDs and bDMARDs. Our study results and proposed

hypothesis offer a plausible explanation for the questions above.

The strengths of this study include its extensive inclusion of

individuals from real-world settings, a 10-year follow-up period,

comprehensive coverage of various csDMARDs and bDMARDs

treatments for PsO and PsA, and the use of PSM to minimize

bias from confounding factors. However, several limitations must

be acknowledged.

Firstly, type 2 DM is categorized as an intrinsic risk factor

and smoking as an extrinsic risk factor for PsA incidence in PsO

patients. This approach is assertive but reasonably grounded in

some evidence. Intrinsic factors are mainly related to genetics, yet

genetic testing is not performed on every PsO patient, and no

specific genetic marker is currently confirmed as a risk indicator

for transition from PsO to PsA. We also considered including a

family history of PsO or PsA in our analysis, but this information is

only partially available in TriNetX. Apart from smoking, extrinsic

factors might include dietary habits, alcohol consumption, and

occupational exposure to chemicals. These data are also only

partially available or analyzable in TriNetX. Therefore, we selected

diabetes and smoking as the two variables we could reliably assess

on TriNetX, representing extrinsic and intrinsic factors to ensure

our results are relatively objective.

Secondly, BMI, PASI, and nail involvement in PsO are

considered risk factors for transitioning from PsO to PsA. We did

not include these variants for PSM, which may impact the results.

Acosta’s and Gisondi’s reports showed different results regarding

BMI as a risk factor for PsO transition to PsA (4, 5). Additionally,

BMI information from TriNetX may need to be completed and

fluctuate over time. PASI is not well-recorded in TriNetX, so it

could not be considered a reliable variant for further analysis.

Regarding nail involvement in PsO patients, ICD-10 coding for nail

disorder is not specific to psoriasis and may not be coded in PsO

patients, leading to underestimation and unreliability for analysis.

Thirdly, electronic medical record data may be susceptible to

entry errors and data gaps, potentially leading to underreporting

minor musculoskeletal symptoms and missing data, which could

impact the results. This effect may diminish with a large number

of patients and data. Additionally, outcomes outside the TriNetX

network might need to be adequately captured during long-term

follow-up. Furthermore, the analysis did not account for residual

confounding factors such as csDMARDs and bDMARDs, which

could alleviate or increase arthritis symptoms in PsA and were not

considered in PSM. Consequently, these findings warrant further

exploration and confirmation through robust methodologies and

additional evidence.

In summary, our retrospective cohort study utilizing the

TriNetX database revealed intrinsic factors outweigh externals

in PsA emergence in PsO patients, and a review of genetic

investigations on PsO and PsA revealed a genetic similarity but

not identical between PsO and PsA. This led us to propose that

PsA is not a mandatory evolutionary progression from PsO but is

predominantly predetermined genetically. While csDMARDs and

bDMARDs may postpone the onset of PsA in PsO patients, they

do not entirely prevent it. Considering the inconclusive findings

on risk factors for PsO patients to develop PsA, except for the

musculoskeletal-related symptoms, signs, and various laboratory

and imaging results, we recommend that further studies may

focus on genetic disparities between PsO and PsA as potential risk

indicators rather than relying solely on phenotypic distinctions.

Data availability statement

The original contributions presented in the study are included

in the article/Supplementary material, further inquiries can be

directed to the corresponding author.

Frontiers inMedicine 06 frontiersin.org

https://doi.org/10.3389/fmed.2024.1419722
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Huo et al. 10.3389/fmed.2024.1419722

Ethics statement

Ethical approval was not required for the study involving

humans in accordance with the local legislation and institutional

requirements.Written informed consent to participate in this study

was not required from the participants or the participants’ legal

guardians/next of kin in accordance with the national legislation

and the institutional requirements.

Author contributions

A-PH: Conceptualization, Investigation, Writing – original

draft. P-LL: Data curation, Formal analysis, Methodology, Software,

Writing – original draft. P-YL: Resources, Writing – review &

editing. JW: Supervision, Validation, Writing – review & editing.

Funding

The author(s) declare that financial support was received

for the research, authorship, and/or publication of this

article. This work was funded by Chung Shan Medical

University Hospital research project. Funding project

number: CSH-2024-A-029.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no impact

on the peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fmed.2024.

1419722/full#supplementary-material

References

1. Ogdie A, Weiss P. The epidemiology of psoriatic arthritis. Rheum Dis Clin N Am.
(2015) 41:545–68. doi: 10.1016/j.rdc.2015.07.001

2. Ritchlin CT, Colbert RA, Gladman DD. Psoriatic arthritis. N Engl J Med. (2017)
376:957–70. doi: 10.1056/NEJMra1505557

3. Singla S, Putman M, Liew J, Gordan K. Association between
biological immunotherapy for psoriasis and time to incident inflammatory
arthritis: a retrospective cohort study. Lancet Rheumatol. (2023) 5:E200–
7. doi: 10.1016/S2665-9913(23)00034-6t

4. Gisondi P, Bellinato F, Targher G, Idolazzi L, Girolomoni G. Biological
disease-modifying antirheumatic drugs may mitigate the risk of psoriatic arthritis
in patients with chronic plaque psoriasis. Ann Rheum Dis. (2022) 81:68–
73. doi: 10.1136/annrheumdis-2021-219961

5. Acosta Felquer ML, LoGiudice L, Galimberti ML, Rosa J, Mazzuoccolo
L, Soriano ER. Treating the skin with biologics in patients with psoriasis
decreases the incidence of psoriatic arthritis. Ann Rheum Dis. (2022) 81:74–
9. doi: 10.1136/annrheumdis-2021-220865

6. Chen L, Deshpande M, Grisotto M, Smaldini P, Garcia R, He Z, et al. Skin
expression of IL-23 drives the development of psoriasis and psoriatic arthritis in mice.
Sci Rep. (2020) 19:8259. doi: 10.1038/s41598-020-65269-6

7. Zabotti A, De Lucia O, Sakellariou G, Batticciotto A, Cincinelli G, Giovannini I,
et al. Predictors, risk factors, and incidence rates of psoriatic arthritis development in
psoriasis patients: a systematic literature review and meta-analysis. Rheumatol Ther.
(2021) 8:1519–34. doi: 10.1007/s40744-021-00378-w

8. McGonagle DG, Zabotti A, Watad A, Bridgewood C, De Marco G, Kerschbaumer
A, et al. Intercepting psoriatic arthritis in patients with psoriasis: buy one get one free?
Ann Rheum Dis. (2022) 81:7–10. doi: 10.1136/annrheumdis-2021-221255

9. Gladman DD, Antoni C, Mease P, Clegg DO, Nash P. Psoriatic arthritis:
epidemiology, clinical features, course, and outcome.Ann RheumDis. (2005) 64 (Suppl.
2): ii14–7. doi: 10.1136/ard.2004.032482

10. Napolitano M, Balato N, Caso F, Costa L, Megna M, Cirillo T, et al. Paradoxical
onset of psoriatic arthritis during treatment with biologic agents for plaque psoriasis:
a combined dermatology and rheumatology clinical study. Clin Exp Rheumatol. (2017)
35:137–40. doi: 10.1007/s10067-016-3295-9

11. Van Muijen ME, van Hal TW. The skin may clear, but the arthritis won’t
disappear: focusing on concomitant and new-onset psoriatic arthritis in a daily

practice cohort of psoriasis patients on biologic therapy. Psoriasis. (2020) 10:29–
37. doi: 10.2147/PTT.S270619

12. Asahina A, Umezawa Y, Momose M, Honda H, Yanaba K, Nakagawa H.
New onset or transition of disease state of psoriatic arthritis during treatment
with ustekinumab: a single-center retrospective study. J Dermatol. (2017) 44:1380–
4. doi: 10.1111/1346-8138.13987

13. Jones B, Millsop J, Walsh J, Krueger GG, Callis Duffin K. Onset of psoriatic
arthritis during ustekinumab treatment for psoriasis: A case series of seven patients.
Br J Dermatol. (2015) 173:272–4. doi: 10.1111/bjd.13645

14. Di Costanzo L, Ferrucci MG. “Paradoxical joint inflammation” possibly induced
by a tumor necrosis factor antagonist in three patients with psoriasis. G Ital
DermatolVenereol. (2020) 155:370–1. doi: 10.23736/S0392-0488.18.06028-5

15. Pennington SR, FitzGerald O. Early origins of psoriatic arthritis: clinical, genetic
and molecular biomarkers of progression from psoriasis to psoriatic arthritis. Front
Med. (2021) 18:723944. doi: 10.3389/fmed.2021.723944

16. Wu JJ, Kavanaugh A, Lebwohl MG, Gniadecki R, Merola JF. Psoriasis
and metabolic syndrome: implications for the management and treatment of
psoriasis. J Eur Acad Dermatol Venereol. (2022) 36:797–806. doi: 10.1111/jdv.
18044

17. Choudhary S, Khan NS, Verma R, Saxena P, Singh H, Jain AK, et al.
Exploring the molecular underpinning of psoriasis and its associated comorbidities
through network approach: cross talks of genes and pathways. 3 Biotech. (2023)
13:130. doi: 10.1007/s13205-023-03533-y

18. Patrick MT, Stuart PE, Zhang H, Zhao Q, Yin X, He K, et al. Causal relationship
and shared genetic loci between psoriasis and type 2 diabetes through trans-disease
meta-analysis. J Invest Dermatol. (2021) 141:1493–502. doi: 10.1016/j.jid.2020.11.025

19. Naldi L. Psoriasis and smoking: links and risks. Psoriasis. (2016) 27:65–
71. doi: 10.2147/PTT.S85189

20. Näslund-Koch C, Vedel-Krogh S, Bojesen SE, Skov L. Smoking is an
independent but not a causal risk factor for moderate to severe psoriasis: a
Mendelian randomization study of 105,912 individuals. Front Immunol. (2023)
22:1119144. doi: 10.3389/fimmu.2023.1119144

21. Loo YP, Loo CH, Lim AL, Wong CK, Ali NBM, Khor YH, et al. Prevalence
and risk factors associated with psoriatic arthritis among patients with psoriasis. Int
J Rheum Dis. (2023) 26:1788–98. doi: 10.1111/1756-185X.14833

Frontiers inMedicine 07 frontiersin.org

https://doi.org/10.3389/fmed.2024.1419722
https://www.frontiersin.org/articles/10.3389/fmed.2024.1419722/full#supplementary-material
https://doi.org/10.1016/j.rdc.2015.07.001
https://doi.org/10.1056/NEJMra1505557
https://doi.org/10.1016/S2665-9913(23)00034-6t
https://doi.org/10.1136/annrheumdis-2021-219961
https://doi.org/10.1136/annrheumdis-2021-220865
https://doi.org/10.1038/s41598-020-65269-6
https://doi.org/10.1007/s40744-021-00378-w
https://doi.org/10.1136/annrheumdis-2021-221255
https://doi.org/10.1136/ard.2004.032482
https://doi.org/10.1007/s10067-016-3295-9
https://doi.org/10.2147/PTT.S270619
https://doi.org/10.1111/1346-8138.13987
https://doi.org/10.1111/bjd.13645
https://doi.org/10.23736/S0392-0488.18.06028-5
https://doi.org/10.3389/fmed.2021.723944
https://doi.org/10.1111/jdv.18044
https://doi.org/10.1007/s13205-023-03533-y
https://doi.org/10.1016/j.jid.2020.11.025
https://doi.org/10.2147/PTT.S85189
https://doi.org/10.3389/fimmu.2023.1119144
https://doi.org/10.1111/1756-185X.14833
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Huo et al. 10.3389/fmed.2024.1419722

22. Wang W, Wang CY, Wang SI, Wei JC. Long-term cardiovascular outcomes
in COVID-19 survivors among non-vaccinated population: a retrospective
cohort study from the TriNetX US collaborative networks. E Clin Med. (2022)
53:101619. doi: 10.1016/j.eclinm.2022.101619

23. Stuart PE, Nair RP, Tsoi LC, Tejasvi T, Das S, Kang HM, et al. Genome-
wide association analysis of psoriatic arthritis and cutaneous psoriasis reveals
differences in their genetic architecture. Am J Hum Genet. (2015) 3:816–
36. doi: 10.1016/j.ajhg.2015.10.019

24. Soomro M, Stadler M, Dand N, Bluett J, Jadon D, Jalali-Najafabadi F, et al.
Comparative genetic analysis of psoriatic arthritis and psoriasis for the discovery
of genetic risk factors and risk prediction modeling. Arthritis Rheumatol. (2022)
74:1535–43. doi: 10.1002/art.42154

25. Caputo V, Strafella C, Termine A, Dattola A, Mazzilli S, Lanna C, et al. Overview
of the molecular determinants contributing to the expression of psoriasis and psoriatic
arthritis phenotypes. J Cell Mol Med. (2020) 24:13554–63. doi: 10.1111/jcmm.15742

26. Mulder MLM, van Hal TW, Wenink MH, Koenen HJPM, van den
Hoogen FHJ, de Jong EMGJ, et al. Clinical, laboratory, and genetic markers
for the development or presence of psoriatic arthritis in psoriasis patients: a
systematic review. Arthritis Res Ther. (2021) 14:168. doi: 10.1186/s13075-021-
02545-4

27. Aronovich A, Novikov I, Pavlovsky L. Do biologic treatments for psoriasis
lower the risk of psoriatic arthritis? A systematic review. Am J Clin Dermatol. (2023)
24:865–73. doi: 10.1007/s40257-023-00801-8

28. Meer E, Merola JF, Fitzsimmons R, Love TJ, Wang S, Shin D, et al. Does biologic
therapy impact the development of PsA among patients with psoriasis? Ann Rheum
Dis. (2022) 81:80–6. doi: 10.1136/annrheumdis-2021-220761

29. Gossec L, Baraliakos X, Kerschbaumer A, de Wit M, McInnes I, Dougados
M, et al. EULAR recommendations for the management. of psoriatic arthritis
with pharmacological therapies: 2019 update. Ann Rheum Dis. (2020) 79:700–
12. doi: 10.1136/annrheumdis-2020-217159corr1

Frontiers inMedicine 08 frontiersin.org

https://doi.org/10.3389/fmed.2024.1419722
https://doi.org/10.1016/j.eclinm.2022.101619
https://doi.org/10.1016/j.ajhg.2015.10.019
https://doi.org/10.1002/art.42154
https://doi.org/10.1111/jcmm.15742
https://doi.org/10.1186/s13075-021-02545-4
https://doi.org/10.1007/s40257-023-00801-8
https://doi.org/10.1136/annrheumdis-2021-220761
https://doi.org/10.1136/annrheumdis-2020-217159corr1
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	From psoriasis to psoriatic arthritis: epidemiological insights from a retrospective cohort study of 74,046 patients
	Introduction
	Methods
	Data source
	Study population
	Outcome and covariates
	Statistical analysis

	Results
	Baseline characteristics of the study population
	Psoriasis and type 2 diabetes patients face a higher risk of psoriatic arthritis
	Psoriasis and smoking patients face a higher risk of psoriatic arthritis
	Psoriasis combined with type 2 diabetes and smoking face a slightly higher risk of psoriatic arthritis

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


