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Purpose: Psoriasis is an inflammatory disease associated with cardiovascular disease.
Methotrexate (MTX) is a first-line systemic anti-psoriatic agent that may also protect against
cardiovascular disease. We examined the cardiovascular risks among patients with psoriasis
who were receiving MTX or the comparator, retinoids.

Patients and Methods: We analysed data from the Taiwanese National Health Insurance
database. The primary outcome was a composite of hospitalisation for ischaemic heart
disease, ischaemic stroke and all-cause mortality (composite cardiovascular outcome).
Propensity score-weighted analyses were used to evaluate patients who were followed
from therapy initiation to the earliest instance of outcome occurrence, insurance disenroll-
ment, death or study termination.

Results: We identified 13,777 patients who received MTX and 6020 patients who received
retinoids from 2000 to 2012. Compared to retinoids, MTX was associated with lower crude
incidences of cardiovascular outcomes, hospitalisation for ischaemic heart disease, ischaemic
stroke and all-cause mortality. In intention-to-treat analyses, MTX was associated with lower
risks of composite cardiovascular outcomes (adjusted hazard ratio [HR]: 0.84, 95% con-
fidence interval [CI]: 0.76-0.94), ischaemic heart disease (HR: 0.87, 95% CI: 0.71-1.06),
ischaemic stroke (HR: 1.06, 95% CI: 0.89-1.27) and all-cause mortality (HR: 0.75, 95% CI:
0.66-0.85). Similar results were found in as-treated analyses.

Conclusion: In this nationwide cohort of patients with psoriasis, compared to retinoids,
MTX was associated with a modestly lower risk of cardiovascular events.
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Introduction
Psoriasis is an immune-mediated inflammatory hyperproliferative skin disease that
affects 0.5-5.5% of the industrialised world’s population.' Patients with psoriasis have
an increased risk of cardiovascular morbidity and mortality,”* which are higher among
patients with severe psoriasis.” In addition to the higher prevalence of traditional
cardiovascular risk factors among patients with psoriasis, characteristic systemic
inflammation may play a role in increasing the cardiovascular risk by accelerating
atherosclerosis.® However, many anti-inflammatory treatments have emerged as poten-
tial therapies for atherosclerosis.” Therefore, effective systemic anti-inflammatory
medication may help reduce cardiovascular risk among patients with psoriasis.®

Both methotrexate (MTX) and retinoids are first-line systemic anti-psoriatic

agents that can be used for long-term treatment of psoriasis, whereas cyclosporine
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and biological agents are reserved as second-line agents.
Additionally, cyclosporine is not indicated for continuous
chronic use.*’

The anti-inflammatory properties of MTX'®'? and

retinoids!> 18

may be beneficial in reducing cardiovascular
risk. However, long-term MTX therapy may promote hyper-
homocysteinaemia, and dyslipidaemia is a common adverse
effect of retinoid therapy. Hyperhomocysteinaemia and dys-
lipidaemia are both associated with increased cardiovascular
risk.'2% Thus, MTX and retinoids both produce opposing
effects on cardiovascular events.

Although the current evidence from observational stu-
dies suggests that MTX is associated with a reduced risk
of cardiovascular events compared to other therapies for

21-26 4 recent rando-

rheumatoid arthritis and psoriasis,
mised clinical trial, the Cardiovascular Inflammation
Reduction Trial (CIRT), showed that low-dose methotrex-
ate did not reduce cardiovascular events compared with
placebo among patients with previous coronary artery
disease.”’

MTX and retinoids have been the most commonly used
conventional systemic agents for psoriasis.”® However,
studies that directly examined cardiovascular risks asso-
ciated with retinoid therapy are scarce.”>** Moreover, the
effects of MTX on the cardiovascular risk in patients with
psoriasis, compared to those of retinoids, have not been
explored. Therefore, the aim of the present study was to
perform a head-to-head comparison of the cardiovascular
risks associated with initial MTX and with retinoid therapy
in patients with psoriasis using a nationwide population-
based registry in Taiwan.

Patients and Methods

Data Source

We evaluated data from the National Health Insurance
(NHI) database,?® which is a population-level claims data-
set that includes demographic characteristics, treatment,
prescription drug use, disease diagnosis records and dates
of services provided from different clinical settings (out-
patient and emergency department visits and hospitalisa-
tions) for 99.6% of the Taiwanese population. Information
regarding disease outcomes was linked to the National
Death Registry to determine mortality. In order to protect
the privacy of individuals, the database contains de-
identified data, and the requirement for obtaining informed
consent was, therefore, waived. The study was approved
by the institutional review board of Taipei City Hospital.

Study Population
For this retrospective nationwide cohort study, we evalu-
ated patients who had been diagnosed with psoriasis
(International Classification of Diseases, Ninth Revision,
Clinical Modification [ICD-9-CM] codes 696.0 and 696.1)
in the outpatient and inpatient claims data of the NHI
database between January 1, 2000, and December 31,
2012. The diagnosis of psoriasis was verified using records
that contained at least 3 claims for psoriasis that had been
validated by a dermatologist or rheumatologist and treated
using either MTX or retinoid monotherapy. The identifica-
tion algorithm of psoriasis in the NHI database has been
validated in previous studies, which have obtained a high
positive predictive value over 98%.°

We applied a new user design and defined the expo-
sure groups according to the patients’ initial anti-psoriatic
systemic treatment and the index date as the date for the
first prescription of MTX or retinoids. Patients were
excluded from the study population if they (1) were
<18 years old or had missing sex or age information,
(2) had not visited before the date of the first psoriasis
diagnosis, (3) did not have continuous insurance coverage
for one year before the index date or (4) had received
anti-psoriatic systemic therapy during the year before the
index date. In order to estimate the effects of MTX or
retinoid therapy on incident cardiovascular disease,
patients who had experienced hospitalisation for cardio-
vascular morbidities (ICD-9-CM codes 410, 411, 413,
414, 433 or 434) during the baseline period were also
excluded (the detailed information is provided in Table
S1 in the Supplementary Data).

Outcome Evaluations and Follow-Up

The primary study outcome, defined as the composite
cardiovascular outcome, consisted of hospitalization for
ischaemic heart disease (ICD-9-CM codes 410, 411, 413,
or 414), ischaemic stroke (ICD-9-CM codes 433 or 434)
and/or all-cause mortality. The ICD-9 diagnosis codes of
ischaemic heart disease and ischaemic stroke identified
from the discharge diagnosis columns of inpatient claims
data in the NHI database have been validated and obtained
high positive predictive values (0.88-0.92).>'*% Secondary
outcomes were defined as each component of cardiovas-
cular composite outcome, including the first hospitalisa-
tion for ischaemic heart disease, hospitalisation for

ischaemic stroke, and all-cause mortality.
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Patients were followed from the index date to the ear-
liest instance of outcome occurrence, death, disenrollment
from the NHI or the end of the study.

Covariate Assessment and Propensity

Score Estimation

Inpatient and outpatient diagnoses and prescription
records during the 12-month baseline period were used
to identify the patients’ relevant comorbidities (the per-
tinent ICD-9-CM codes are provided in Table S1 in the
Supplementary Data) and to calculate the Charlson

Comorbidity Index.>* Pharmacy dispensing data were
also obtained (the relevant Anatomical Therapeutic
in the
Supplementary Data), as well as data regarding the use

Chemical codes are provided in Table Sl

of dermatological phototherapy and demographic data,
such as age, sex and medical resource utilisation (num-
ber of outpatient clinic visits, and number of admission).
In constructing the propensity score (PS) derived from
the predicted probabilities of the initiation of MTX or
retinoid treatment, we included variables that are related
to cardiovascular outcome and treatment assignment.**>
The year-specific PSs*® were estimated using logistic
regression models separately for each year during the
study period.

We estimated the calendar-time-specific propensity
scores (PSs)*® derived from the predicted probabilities of
the initiation of MTX or retinoid treatment using non-
parsimonious logistic regression models that contained
all of the confounding covariates associated with treatment
receipts separately for each year during the study period.

Statistical Analysis
All statistical analyses were performed using SAS soft-
ware (version 9.3; SAS Institute, Cary, NC). Crude inci-
dence rates for the cardiovascular outcomes were
calculated as the number of each event divided by the
relevant person-time and the 95% confidence intervals
[CIs], which were estimated based on the assumption of
a Poisson distribution. In addition, we plotted adjusted
event-free survival curves for the time-to-event analyses
as a function of the duration of use of the index anti-
psoriatic drug based on the inverse probability-of-
treatment weighting (IPTW).>”

We trimmed the non-overlap area of the PS and
weighted each study participant by using the inverse of
the year-specific PS of the actual receipt of treatment

multiplied by the proportion of the study population
receiving that drug (stabilized IPTW)
a pseudo-population of the same size as the original popu-

to generate

lation in which the distribution of the measured baseline
covariates was independent of drug assignment.*® We
assessed the performance by calculating the standardized
mean differences of the baseline covariates.>” We con-
structed a Cox proportional hazard model to estimate the
adjusted hazard ratio (HR) and 95% CI with a robust
variance estimator to account for within-person correla-
tion. To ensure robustness, a goodness-of-fit test was per-
formed. Crude analyses in the origin population and IPTW
analyses were performed. The primary analysis was per-
formed as an intention-to-treat analysis in which the treat-
ment group was identified based on the first prescription of
MTX or retinoid therapy regardless of whether the patients
subsequently changed, stopped or had another drug added
to the regimen. The secondary analysis was performed as
an as-treated analysis in which the patients were censored
from the date on which they discontinued MTX or retinoid
therapy for 8 weeks, had another treatment added or were
switched to a different drug. For reducing the potential
informative censoring, we extended a follow-up for 6
months after the duration of the last prescription.

We also performed subgroup analyses to evaluate the
potential effect modification. Participants were grouped
according to sex, age (< 65/> 65 years old) and hyperten-
sion status in order to determine the effect of MTX on the
risk of cardiovascular outcomes in these patient subsets.
We compared Cls between the subgroups and suggested
a significant interaction when the Cls of the two subgroups
did not overlap. We conducted a sensitivity analysis to
assess the influence of an unmeasured confounder on
cardiovascular events.*™*' We also conducted an analysis
stratified by PS quintiles to determine whether the results
were similar. Additional information about the develop-
ment of the PS model, the equation of stabilized weights
and sensitivity analyses are available in the Appendix 1
and Appendix 2 in the Supplementary Data.

Results

This study’s cohort included 80,167 patients with psoriasis
(37% women) who had been first diagnosed between
January 1, 2001, and December 31, 2012. A total of
13,777 MTX and 6020 retinoid initiators were included
in the study (Figure 1). In the as-treated arms analyses, the
median cumulative dose for MTX groups was 105mg
[interquartile range (IQR) 30-330] and that for retinoids
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The Longitudinal Health Insurance Database 2001-2012 (N = 28,885,892)

Patients with 23 diagnoses of psoriasis that were validated by a dermatologist or
rheumatologist, based on inpatient and outpatient claims during 2001-2012
(N =130,538)

A

Excluded (N = 50,371)

1. Age of <18 years (N = 20,816)

2. No visit before the index date (N =
10,745)

3. Observation period of <12 months
before the cohort entry date (N =
18,810)

Inception Psoriasis Cohort during 2001-2012 (N = 80,167)

| Excluded (N = 60,370) :
: 1. Patients receiving anti-psoriatic :
: systemic treatment other than MTX :
1 or retinoid, or multiple systemic 1
: treatments as the initial therapy (N :
' = 58,523) '
: 2. Patients receiving treatment of :
1 interest within the baseline period |
' (N = 1,453) !
: 3. Cardiovascular morbidity at 1 year :
: before treatment (N = 394) :

Study population
(MTX users, N = 13,777; retinoid users, N = 6,020)

Figure | Study flow chart.

group was 1200mg (IQR 560-2790). As reported in
Table 1, various baseline characteristics differed between
the two treatment groups. The MTX group was younger
and had a higher proportion of dyslipidaemia with fewer
outpatient visits, longer psoriasis duration and a higher
Charlson comorbidity score. The MTX group was also
likely to
hypertensive agents and anti-depressants. However, the

less receive anti-platelet agents, anti-

baseline characteristic distributions were similar between
the two groups after PS weighting. All covariates were

well balanced because the differences were less than 0.1
standardized difference (Table 1).%°

During a mean follow-up of 4.4 years, cardiovascular
outcomes were observed in 1108 patients who had received
MTX and in 826 patients who had received retinoids. In the
intention-to-treat and as-treated analyses results reported in
Table 2, it can be seen that the MTX group had lower crude
incidences of cardiovascular outcomes, hospitalisation for
ischaemic heart disease, ischaemic stroke and all-cause
mortality compared to the retinoid group.
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Table | Baseline Characteristics of Patients with Psoriasis Who Were Receiving Methotrexate or Retinoids Before and After

Propensity Score Weighting

Characteristic MTX Users Retinoid Users MTX Weighted Retinoid Standardized | Standardized
(N =13,777) (N = 6020) Weighted Mean Mean
Difference Difference
Before IPTW After IPTW
Age, years (mean * SD), 46.77 £ 1528 (46) | 48.59 + 1629 (48) | 47.45 £ 1542 (47) | 47.2 + 16.12 (46) —0.12 0.02
(median)
Male (%) 64.96 72.87 67.52 68.39 —0.17 —0.02
Duration of Psoriasis (%)
0-1 months 23.92 30.1 25.75 25.05 -0.14 0.02
1-12 months 20.46 23.14 21.31 21.32 —0.06 0.00
14 years 27.19 26.31 27.01 27.1 0.02 0.00
>4 years 28.42 20.45 25.98 26.12 0.19 0.00
Psoriatic arthritis (%) 14.95 4.15 11.65 10.93 0.37 0.02
No. of outpatient visits 0.19 + 0.63 0.22 + 0.66 0.2 + 0.66 0.2 +0.62 —0.05 0.00
(mean * SD)
No. of admissions (mean * 23.86 + 20.92 23.85 + 21.15 23.98 +21.42 23.95 +20.28 0.00 0.00
SD)
Charlson Comorbidity
Score (%)
0 57.42 60.86 58.47 58.39 -0.07 0.00
14 40.88 37.44 39.8 39.26 0.07 0.01
25 1.7 1.69 1.77 1.94 0.00 —0.01
Concomitant Drugs (%)
Corticosteroid 442 40.43 43.04 4221 0.08 0.02
Platelet inhibitors 11.03 12.57 11.56 11.67 —0.05 0.00
Beta-blockers 15.94 15.12 15.72 15.87 0.02 0.00
Angiotensin-converting 14.34 14.92 14.59 15.2 —-0.02 —-0.02
enzyme inhibitors/
angiotensin |l receptor
blockers
Calcium antagonists 17.01 17.91 17.32 17.6 —-0.02 —-0.01
Loop diuretics 6.48 6.94 6.71 6.98 —0.02 —0.01
Thiazide diuretics 324 3.47 333 3.49 —0.01 —0.01
Spironolactone 1.51 1.63 1.56 1.64 —-0.01 —-0.01
Cholesterol-lowering 9.57 7.89 9.11 9.45 0.06 —0.01
drugs
Glucose-lowering drugs 10.52 10.98 10.73 11.24 —0.01 —0.02
(Continued)
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Table | (Continued).

Characteristic MTX Users Retinoid Users MTX Weighted Retinoid Standardized | Standardized
(N =13,777) (N = 6020) Weighted Mean Mean
Difference Difference
Before IPTW After IPTW
Selective cyclooxygenase 72.87 63.47 70.03 69.25 0.20 0.02
2 inhibitors
Anti-depressants 8.78 9.24 8.98 8.96 —0.02 0.00
Anti-hypertensive agents 4.05 4.8 43 4.38 —0.04 0.00
Vitamin K antagonists 04 0.37 0.39 0.36 0.00 0.00
Non-aspirin antiplatelet 4.67 5.07 4.82 4.86 —0.02 0.00
agents
Low-dose aspirin 8.1 9.37 8.54 8.66 —0.04 0.00
Folic acid 1.83 0.96 1.56 1.28 0.07 0.02
Comorbidity (%)
Hypertension 24.05 25.2 24.46 24.95 —0.03 —0.01
Diabetes 12.83 13.24 13.02 13.46 —0.01 —0.01
Dyslipidemia 14.65 13.07 14.18 14.52 0.05 —0.01
Renal disease 3.1 3.49 3.29 3.53 —0.02 —-0.01
Chronic obstructive 8.76 9.42 9.01 9.06 —0.02 0.00
pulmonary disease
Liver disease 12.09 13.49 12.59 13.02 —0.04 —0.01
Median cumulative dose, mg 105 (30-330) 1200 (560-2790) - -
(IQR)*

Note: *In the as-treated analyses.

Abbreviations: SD, standard deviation; MTX, methotrexate; IPTWV, inverse probability-of-treatment weighting; IQR, interquartile range.

In the intention-to-treat (Figure 2A) and as-treated
(Figure 2B) analyses, the IPTW adjusted estimates for car-
diovascular event-free survival curves diverge over the
short-term and then become nearly parallel. Log rank tests
revealed modest differences (P < 0.001 for the intention-to-
treat analysis and P = 0.049 for the as-treated analysis).

Table 3 presents the results from the Cox regression
analyses based on the retinoid group as the reference
group. In the crude analysis, MTX was associated with
lower risks of cardiovascular outcomes (HR: 0.78; 95%
CI: 0.71-0.85), ischaemic heart disease (HR: 0.83; 95%
CI: 0.71-0.97) and all-cause mortality (HR: 0.69; 95% CI:
0.62—0.77). In the PS-weighted intention-to-treat analyses,
MTX was also associated with lower risks of cardiovas-
cular outcomes (HR: 0.84; 95% CI: 0.76-0.94) and all-
cause mortality (HR 0.75; 95% CI: 0.66—0.85), but not for

ischaemic heart disease (HR 0.87; 95% CI: 0.71-1.06) and
ischaemic stroke (HR 1.06; 95% CI: 0.89—1.27). Similar
results were found in the as-treated analyses that censored
patients at drug discontinuation or switching.

Subgroup analyses did not reveal any modifications
based on the patient characteristics, although the HR esti-
mates were slightly lower among patients who were < 65
years old (Figure 3). Similar results were found in propen-
sity score-stratified analyses (Appendix 2 Table S2 in the

Supplementary Data). Sensitivity analyses revealing only

a strong unmeasured confounder with a risk of cardiovas-
cular events equal to 2.0 or more together with a large
prevalence difference among the study groups would have
biased estimates downward. For instance, if 26% of reti-
noids users and 5% of MTX users had a risk factor that
increased the risk of cardiovascular event twofold, the true
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Table 2 Numbers of Events, Person-Days, and Crude Incidence Rates Among Patients with Psoriasis Who Were Receiving

Methotrexate or Retinoids

MTX Users (N = 13,777) Retinoid Users (N = 6020)
Intention-to-Treat
Composite Cardiovascular Outcome®
Follow-up duration (person-years) 55,323 31,926
Number of events 1108 826
Crude incidence per 100,000 person-years 2003 2587
Ischaemic Heart Disease
Follow-up duration (person-years) 55,713 32,098
Number of events 404 278
Crude incidence per 100,000 person-years 725 866
Ischaemic Stroke
Follow-up duration (person-years) 55,416 31,984
Number of events 469 277
Crude incidence per 100,000 person-years 846 866
All-cause mortality
Follow-up duration (person-years) 56,727 32,870
Number of events 711 612
Crude incidence per 100,000 person-years 1253 1862
As-Treated
Composite Cardiovascular Outcome®
Follow-up duration (person-years) 12,133 4648
Number of events 235 124
Crude incidence per 100,000 person-years 1937 2668
Ischaemic Heart Disease
Follow-up duration (person-years) 12,165 4645
Number of events 83 52
Crude incidence per 100,000 person-years 682 119
Ischaemic Stroke
Follow-up duration (person-years) 12,137 4650
Number of events 109 45
Crude incidence per 100,000 person-years 898 968
All-Cause Mortality
Follow-up duration (person-years) 12,206 4665
Number of events 125 76
Crude incidence per 100,000 person-years 1024 1629

Notes: *Composite cardiovascular outcome includes hospitalisations for ischaemic heart disease, ischaemic stroke, and/or all-cause mortality.

Abbreviation: MTX, methotrexate.

effect would be toward the null value. (Appendix 2 Figure

S1 in the Supplementary Data)

Discussion

The findings of this nationwide study provide evidence
that patients with psoriasis receiving MTX therapy are
less likely to develop a composite cardiovascular outcome
than patients receiving retinoid therapy. However, the

effects were less evident after adjustment for potential
confounding factors in the PS-based models. The IPTW
adjusted cardiovascular event-free survival curves showed
the risk of cardiovascular outcomes was significantly
lower in MTX users than in retinoids users during the
study period.

We included all-cause mortality in the composite cardio-
vascular outcome because psoriasis is associated with several
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Figure 2 The inverse probability-weighted event-free survival curves for cardiovascular outcome-free survival among methotrexate or retinoid users. (A) Intention-to-treat

analysis and (B) as-treated analysis.
Abbreviation: MTX, methotrexate.

conditions that result in an increased risk of death, mainly
cardiovascular disorders, cancer, renal failure, and infectious
diseases; however, the National Death Registry of Taiwan is
limited to a single leading cause of death, which is selected
from all diseases mentioned in the death certificate according
to international coding rules. Therefore, our study included

all-cause mortality in the composite cardiovascular outcome
to avoid missing other contributing causes of death that is not
listed as the leading cause of death.

The National Health Insurance regulation of Taiwan
recommends a conventional oral drug as the first-line
systemic treatment for moderate-to-severe psoriasis. In

https:

700

Dove!

Clinical Epidemiology 2021:13


https://www.dovepress.com
https://www.dovepress.com

Dove

Tsai et al

Table 3 Hazard Ratios of Cardiovascular Outcomes Comparing Methotrexate (n=13,777) with Retinoids (n=6020) Use in Psoriasis

Patients Weighted by Propensity Score

Methods

Crude HR
HR (95% CI)

Adjusted HR*
HR (95% CI)

Intention-to-Treat

Composite cardiovascular outcome b
Ischaemic heart disease
Ischaemic stroke

All-cause mortality

0.78 (0.71-0.85)
0.83 (0.71-0.97)
0.95 (0.82-1.11)
0.69 (0.62-0.77)

0.84 (0.76-0.94)
0.87 (0.71-1.06)
106 (0.89-1.27)
0.75 (0.66-0.85)

As-Treated

Composite cardiovascular outcome b
Ischaemic heart disease
Ischaemic stroke

All-cause mortality

0.76 (0.61-0.94)
0.61 (0.43-0.87)
0.96 (0.68-1.37)
0.65 (0.49-0.86)

0.80 (0.621.04)
0.57 (0.38-0.87)
0.93 (0.61-1.42)
0.73 (0.52-1.02)

Notes: *Adjusted hazard ratios were based on propensity score weighting. ®Cardiovascular outcome includes hospitalisations for ischaemic heart disease, ischaemic stroke,

and/or all-cause mortality.
Abbreviations: HR, hazard ratio; Cl, confidence interval.

real-world setting, MTX and retinoids have been the most
widely used systemic anti-inflammatory therapy for psor-
jasis in Taiwan®® and share similar clinical characteristics,
such as disease severity and contraindication. Patients with
hepatic impairment are relatively contraindicated for
receiving retinoids or MTX.”** Unlike MTX, retinoids
are not indicated for the treatment of psoriatic arthritis in
patients with an increased risk of cardiovascular events

and all-cause mortality.**

Group HR (95%Cl) —FavourMTX  Favour Retinoid—
Cardiovascular outcome |
Age 1
Age <65 0.82(0.69- 0.96) —
Age =65 0.89(0.75— 1.06) —

i
Sex 1
Male 0.85(0.75- 0.97) —
Female 0.87(0.68- 1.11) —_—

1
Hypertension :
Yes 0.87(0.74- 1.03) _._:
No 0.82(0.71- 0.95) ——
Ischaemic heart disease :
Age |
Age <65 0.75(0.54—- 1.06) PR — .
Age =65 1.03(0.78- 1.35) _:._

1
Sex :
Male 0.92(0.72— 1.17) — el
Female 065(042-099) — o

Hypertension

Yes 0.95(0.73- 1.23)

—_— el
No 0.79(0.58- 1.10) —
+ + 1 "
0.4 06 1.0 16

Adjusted HR

MTX theoretically reduces the risk of cardiovascular
events through a systemic anti-inflammatory effect even
though it might also increase cardiovascular risk. The
results of our study reveal that MTX use is associated
with a reduced risk of cardiovascular outcomes among
patients with psoriasis; similar results have been found
in large observational studies of patients with psoriasis
and rheumatoid arthritis.****>***> This effect of MTX
may be related to the drug’s anti-inflammatory properties

Group HR  (95%Cl) —Favour MTX Favour Retinoid—
Ischaemic stroke 1
Age :
Age <65 0.90 (0.70- 1.15) —_—
Age =65 1.29 (0.98- 1.70) ':—’_
1
Sex :
Male 1.10 (0.88- 1.38) —
Female 0.91 (0.63- 1.33) —‘—:—
1
Hypertension !
Yes 0.97 (0.76— 1.23) ——
No 1.09 (0.84— 1.41) — T
All cause mortality :
Age !
Age <65 0.73 (0.60- 0.90) ——
Age = 65 0.77 (0.64— 0.94) — :
1
Sex !
Male 0.76 (0.65- 0.88) ——
Female 0.76 (0.56— 1.02) —O—Ir
Hypertension :
Yes 0.79 (0.64— 0.97) —!
No 0.72 (0.61- 0.86) —— :
0.4 0.6 1.0 1.6

Adjusted HR

Figure 3 Adjusted hazard ratios for cardiovascular outcomes among methotrexate and retinoid users according to different subgroups using an intention-to-treat approach

with weighted propensity score.
Abbreviations: HR, hazard ratios; Cl, confidence interval.
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and/or may lead to improved physical activity that sub-
sequently results in a lower risk of diabetes, high blood
pressure and obesity, as these are important cardiovas-
cular risk factors. Therefore, our results also moderately
support the hypothesis that targeted anti-inflammatory
therapy may be feasible for preventing cardiovascular
events among patients with psoriasis.*® However, MTX
can also induce hyperhomocysteinaemia through folic
acid depletion, while hyperhomocysteinaemia promotes
coagulation and has toxic effects on the endothelium that
can increase cardiovascular risk.'® Therefore, folic acid
therapy is advised for patients with MTX-treated psor-
iasis as it prevents MTX-induced hyperhomocysteinae-
mia while possibly reducing their cardiovascular risk.*’

Retinoids comprise an anti-inflammatory effect'*'” and
an anti-proliferative effect for psoriasis.'® Dyslipidemia is
a frequent consequence of the use of retinoids. Although
dyslipidaemia might have played a crucial role in cardiovas-
cular risk in the retinoid group in the present study, conflict-
ing results were reported by Stern,*® in which the incidence
of myocardial infarction when assessing the safety of long-
term retinoid therapy for psoriasis was no different from the
expected number on the basis of population-based incidence
data (13 vs 13.3-15.7).%° It is commendable to add lipid-
lowering therapy and lifestyle education to reduce cardio-
vascular risk factors.”"

Our findings agree with those from a Danish cohort
study in which the authors found a beneficial effect of
MTX therapy (vs topical agents or phototherapy) for
psoriasis on cardiovascular outcomes among patients
with psoriasis.”> However, the magnitude of the protec-
tive effect was more prominent in the Danish study. This
difference may be related to the different study groups as
unmeasured confounders (eg, frailty) may reduce the
likelihood of MTX treatment if physicians focus on the
patient’s chief medical concern rather than systemic
therapy for psoriasis. It is plausible that this effect may
explain the better protective effects of MTX observed in
the Danish study. In a previous Taiwanese cohort
study,” the authors investigated the effects of MTX (vs
other non-biological systemic treatments) on newly-
developed ischaemic heart disease and suggested that
the adjusted effects were comparable between the two
groups. However, a lack of mortality data might have
resulted in an underestimation of MTX’s effect.

However, in contrast to the above mentioned studies,
the findings of the CIRT trial did not confirm the cardio-
protective role of MTX.?’ Differences in the study design

could explain the contrasting results. The study population
for the CIRT trial included patients with previous coronary
disease but without chronic inflammatory burden, such as
psoriasis or rtheumatoid arthritis. Our study, by contrast,
enrolled psoriasis patients who were not hospitalised for
cardiovascular morbidities. It is possible that a larger
effect would happen in patients with a higher inflamma-
tory load under the strong anti-inflammatory effect of
MTX.>

Our study design has several strengths compared to
previous research. By embedding an IPTW with year-
specific PS*® within an observational study, the design
not only created a cohort of patients who shared similar
observed characteristics but also reduced bias due to chan-
nelling when the calendar year is a confounder or a proxy
of confounders. The probability of receiving MTX or
retinoid treatment may change over the study period
while prescribing patterns and clinical practice guidelines
can also change over time, which can lead to the
calendar year becoming a confounder or a predictor of
treatment receipt. Compared with previous research using
multivariable-adjusted Cox regression, matching or
stratification,>**>#**> PS semiparametric inverse prob-
ability-weighted estimators need fewer distributional
assumptions regarding the underlying data.

The present study additionally had other strengths.
Firstly, the data were obtained from the NHI database,
detailed
patients, physicians, hospitals and prescribed drugs and

which provides information regarding the
other medical care. Thus, the study population is represen-
tative of the psoriasis population and real-world clinical
practice in Taiwan, which allows for precise estimation of
the incidences that we evaluated. Secondly, the long-term
patient outcomes were verified using links to the NHI and
the National Death Registry. Thirdly, we evaluated newly
diagnosed psoriatic patients and used a new-user design to
reduce potential selection bias, along with multiple strate-
gies to assemble comparable groups of patients. Fourth, all
information regarding exposure, outcomes and covariates
was recorded before the study commenced, which elim-
inates the possibility of bias from recall or reconstruction
of clinical history.

The present study also had several limitations. Firstly,
the NHI database did not have information regarding the
Psoriasis Area and Severity Index, lifestyle, body mass
index or a family history of metabolic syndrome. Thus,
differing risk factors may arise from confounding by indi-
psoriasis comorbidities and

cation, as severity,
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contraindications can influence the initial drug choice.
There might have been residual measured or unmeasured
confounding factors even though we used retinoid therapy
as the active comparison group and PS to adjust for a wide
range of potential confounders that might introduce con-
founding by indication.**>* To compensate for the miss-
ing comorbidity and socioeconomic data, we used
a sensitivity analysis to determine how the imbalance of
a strong unmeasured confounder among the drug exposure
categories might affect the observed HRs. However, only
a strong unmeasured cardiovascular risk factor combined
with a very large prevalence difference between the two
groups could lead to our findings.***' Secondly, intention-
to-treat analyses in studies with long follow-up periods are
especially  susceptible to non-adherence bias as
a consequence of exposure misclassification. This might
lead to a conservative result. However, the as-treated
approach, in which follow-up ends at the time of drug
switching or discontinuation, could have introduced
potential informative censoring. To reduce this, we
extended a follow-up for 6 months after the duration of
the last prescription. The use of different analytical tech-
niques made it possible to indicate the potential range of
effect estimates for our analyses.”® Nevertheless, misclas-
sification regarding psoriasis diagnosis or drug exposure is
likely not related to the exposure-outcome association.
Finally, we did not conduct multiple tests in our study,
because the Bonferroni corrections are too conservative
and other methods such as global tests or approaches for
controlling P-values are usually of little value.’*>’
However, all clinical outcomes of interest are closely
related, and we have defined a composite cardiovascular
outcome as the primary outcome, with the consequence
that all other aggregated endpoints are subsidiary in order
to present the holistic concept of cardiovascular risk. The
selection of an aggregated outcome might provide
a rationale for dealing with the statistical problem of

multiple outcome measures.®

Conclusion

In conclusion, we found that initial MTX therapy was
associated with a modestly lower risk of cardiovascular
disease in patients with psoriasis compared to retinoid
therapy. Therefore, future research of systemic anti-
psoriatic treatments is needed to explore the effects of
these drugs on cardiovascular outcomes and to support
better clinical decision-making for patients with psoriasis.
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