
Supplemental Methods 
 
Covariates included in propensity score models: Age, sex, psoriasis duration, comorbidities 

(e.g., anemia, atherosclerosis, cancer, celiac disease, cerebrovascular disease, congestive 

heart failure, chronic kidney disease, conjunctivitis, cardiomyopathy, dementia, diabetes, fatty 

liver disease, fracture, hyperlipidemia, hidradenitis suppurativa, inflammatory bowel disease, 

irritable bowel syndrome, restless leg syndrome, thyroid disease, uveitis and venous 

thromboembolism), mental health disorders, (anxiety, bipolar disorder, depression, post-

traumatic stress disorder), fatigue, genitourinary inflammatory disorders (i.e., urethritis, 

prostatitis, endometriosis, polycystic ovarian syndrome), infections (e.g., pelvic inflammatory 

disease, hepatitis C, chlamydia, gonorrhea, hepatitis B, HIV, salmonella, other sexually 

transmitted infections, abscess, cellulitis, tuberculosis, etc). 

Sensitivity analyses:  

We examined the incidence of PsA by line of therapy (1st, 2nd, 3rd, etc) and the incidence of PsA 

in the subset of patients who were on biologic therapy for at least five years (analogous to the 

Gisondi paper subgroup) and by line of therapy (e.g., first biologic, second biologic, etc). These 

analyses are shown in Supplemental Table S1 below. 

The following analyses were conducted to test assumptions: 1) the primary outcome was 

changed to two codes for PsA instead of a single code; 2) models were run in the sub cohort of 

patients with a primary care physician within the health system (to ensure patients had the 

opportunity for diagnoses such as comorbidities to be captured and a more thorough review of 

medications being used); 3) instead of using a code for PsA as the outcome, the first 

musculoskeletal complaint was used as the outcome (the idea being that if we are missing PsA 

diagnoses, we would be capturing patients who could potentially have PsA); 4) the entire set of 

analyses were run within the OptumInsights administrative dataset to determine whether there 

was a difference between EHR data (where prescriptions may not be filled) and administrative 

data (where therapies recorded have been dispensed); 5) the first year after start of therapy was 

excluded from analysis to address protopathic bias32; 6) each one year block of time was 

analyzed separately to examine whether the risk for PsA changes over time; and 7) follow up 

was ended 90 days after the last prescription. These analyses are shown in Supplemental Table 

S2 and S3 below.  
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Supplemental Figure 1. Time windows utilized in each study. 
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Supplementary Figure S2A and Supplementary Figure S2B: Propensity score distribution 
and effectiveness of matching 
 

 
 
Supplementary Figure S2A shows the distribution of the propensity score among patients who 
received a biologic therapy (green) and oral or phototherapy (red). Supplementary Figure S2B 
shows the standardized differences among the two groups before and after matching. 
 
Abbreviations: oral: oral therapies (including methotrexate, apremilast, cyclosporine, acitretinoin, 
and tretinoin).  
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Supplementary Table S1: Incidence by line of therapy and among patients on long term 

biologic therapy 

 

 N Mean time PY Cases 
Incidence/1000 

PYs 

By line of therapya 

1st 24,429 2.74 66,932.58 3785 56.55 

2nd 6,797 2.17 14,745.66 709 48.08 

3rd 1,889 1.74 3,296.24 143 43.38 

4th 461 1.48 682.34 25 36.64 

5th 105 1.26 132.08 0 0.00 

Among patients on continuous biologic therapy for at least five yearsb 

5 yrs+ 2,124 2.04 4,342.05 162 37.31 
In sensitivity analyses, we examined (a) the incidence by line of therapy (i.e., first biologic therapy, 
second biologic therapy, etc) and (b) we recreated the cohort in Gisondi et al in which patients utilizing 
a biologic therapy were required to be on therapy for 5 years or more. 
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Supplementary Table S2: Multivariate models with the sensitivity analyses of interest 

 

Comparison Model Outcome HR (95% CI) 

One versus two codes for PsA as the primary outcome 

Biologics vs 

oral/photo 

TVE* 
 

One code for PsA 
(original) 

HR 4.48 (4.23-4.75) 

Biologics vs 

oral/photo 

TVE* Two codes for PsA HR 4.66 (4.36-4.98) 

Biologics vs 

oral/photo 

PS 

Match 

One code for PsA 

(original) 

HR 2.17 (2.03-2.33) 
 

Biologics vs 

oral/photo 

PS 

Match 

Two codes for PsA HR 2.43 (1.24 – 2.64) 

Among patients with psoriasis who have a primary care physician in the health system 

Biologics vs 

oral/photo 

TVE* One code PsA, has a 

PCP 

HR 4.80 (3.96-5.82) 

Biologics vs 

oral/photo 

PS 

Match 

One code PsA, has a 

PCP 

HR 2.14 (1.70- 2.68) 

Using MSK symptoms as the primary outcome** 
Biologics vs 

oral/photo 

PS 

Match 

 First code for MSK HR 1.14 (1.06-1.23) 

Restricting time to only time on therapy plus 90 days 
Biologics vs 

oral/photo 

PS 

Match 

First code for PsA HR 2.86 (2.67-3.07) 

Excluding first year after therapy start 
Biologics vs 

oral/photo 

PS 

Match 

First code for PsA HR 2.63 (2.37-2.92) 

Analysis by block of time*** 
Biologics vs 

oral/photo 

PS 

Match 

One code for PsA  

0-1 years HR 1.89 (1.72-2.08) 
1-2 years HR 2.57 (2.18-3.02) 

2-3 years HR 2.57 (2.07-3.18) 

3-4 years HR 3.68 (2.77-4.88) 

4-5 years HR 2.47 (1.78-3.45) 

5+ years HR 2.02 (1.51-2.70) 

*Time-varying models include biologic therapy as a time-varying exposure to allow time off 

therapy to contribute to the “unexposed” time. Once exposed to a biologic, the patient is 
considered always exposed. 

**MSK analyses: Patients with previous MSK symptoms were excluded prior to PS matching; a 

total of 5,278 patients remained after exclusions and matching. 

***Block of time: Each one year of time was analyzed separately where time is the time from 
biologic, oral, or phototherapy initiation. Anyone with a PsA diagnosis prior to that time interval 
was excluded and patients were censored at the end of the time interval. 
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Abbreviations: HR: hazard ratio; PsA: psoriatic arthritis; vs: versus; oral: oral therapies 
(including methotrexate, apremilast, cyclosporine, acitretinoin, and tretinoin); photo: 
phototherapy; TVE: time-varying exposure; PS: propensity score; PCP: primary care provider; 
MSK: musculoskeletal (i.e., joint pain, back pain). 
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Supplementary Table S3: Re-analysis within administrative dataset 
 

Comparison Model Outcome HR (95% CI) 

Among all patients with psoriasis regardless of therapy 

Biologics vs no 

biologics* 

TVE One code for PsA 5.46 (5.25-5.67) 

Biologics vs no 

biologics 

TVE Two codes for 
PsA 

6.32 (5.96-6.70) 

Among patients with psoriasis on therapies 

Biologics vs 

oral/photo 

TVE 
 

One code for PsA 1.27 (1.22-1.33) 

Biologics vs 

oral/photo 

TVE Two codes for 

PsA 

1.18 (1.11-1.25) 

Biologics vs 

oral/photo  

Traditional 

(Unadjusted) 

One code for PsA 1.48 (1.38-1.58) 

Biologics vs 

oral/photo 

PS Match One code for PsA 1.48 (1.37-1.59) 

Biologics vs 

oral/photo 

PS Match Two codes 1.84 (1.63-2.08) 

Among patients with psoriasis on therapies and a primary care physician 

Biologics vs no 

biologics 

TVE One code PsA, 

has a PCP 

1.28 (1.22-1.33) 

Biologics vs 

oral/photo 

TVE One code PsA, 

has a PCP 

1.17 (1.10-1.25) 

Biologics vs 

oral/photo 

PS Match One code PsA, 

has a PCP 

1.50 (1.39-1.62) 

 
Abbreviations: HR: hazard ratio; CI: confidence interval; vs: versus; TVE: time-varying 

exposure; PsA: psoriatic arthritis; oral: oral therapies (including methotrexate, apremilast, 

cyclosporine, acitretinoin, and tretinoin); photo: phototherapy; PS: propensity score; PCP: 

primary care provider. 
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