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Background: Few studies report estimates of cardiovascular disease
(CVD) or major adverse cardiovascular events (MACE) in patients with
psoriatic arthritis (PsA).
Objective: To estimate rates of incident CVD andMACE in patients with
PsA compared to patients without PsA.
Methods: Using the Clinical Practice Research Datalink, we conducted
2 cohort studies of patients with PsA compared to patients without PsA
or psoriasis matched on age, sex, general practice, and calendar time: 1
study of CVD and 1 study of MACE. In each study, we excluded patients
who had a study outcome before cohort entry. Cases were patients with a
first-time diagnosis of CVD or MACE recorded during follow-up. We es-
timated incidence rates (IRs) and incidence rate ratios (IRRs) with 95%
confidence intervals (95% CI) and stratified results in the PsA cohort by
exposure to systemic PsA treatments.
Results: The IR of CVDwas higher in the patients with PsA compared to
those without PsA (12.8/1000 person-years [PYs] [95% CI, 11.9–13.7]
and 9.6/1000 PYs [95% CI, 9.3–9.0]; IRR, 1.33 [95% CI, 1.23–1.44]).
The IR of MACE was slightly higher in the PsA compared to the
non-PsA cohort (4.6/1000 PYs [95% CI, 4.1–5.1] and 3.5/1000 PYs
[95% CI, 3.4–3.7]; IRR, 1.30 [95% CI, 1.15–1.47]). Among the patients
with PsA, IRs were higher for those who received PsA treatments for both
outcomes but did not differ significantly by type of treatment received.
Conclusions: The rates of CVD and MACE were slightly higher in the
patients with PsA compared to the patients without PsA. Among the pa-
tients with PsA, rates of both outcomes were higher among those who re-
ceived prescriptions for systemic PsA treatments.
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P soriatic arthritis (PsA) and psoriasis have been associated with
an increased prevalence of cardiovascular disease (CVD);

however, few published studies have examined the risk of incident
CVD in patients with PsA, whereas only 1 recent analysis pre-
sented data on major adverse cardiovascular events (MACE).
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A systematic review of the literature by Tobin et al found
5 relevant studies on cardiovascular events in patients with PsA.
Overall, rates of CVD were higher in the PsA population as com-
pared to non-PsA comparison group.1 A more recent sys-
tematic review2 of available literature of PsA and cardiovascular
morbidity and mortality found similar results as Tobin et al after
reviewing 28 similar and more recent studies. Overall mortality
ranged from 8% to 16%, whereas cardiovascular death ranged
from 25% to 50% of overall deaths in the study populations.2

An analysis of a US claims database also reported a significant in-
creased risk of cardiovascular events among 3066 patients with
PsA compared to matched patients without PsA.3 Prevalence ra-
tios ranged from 1.3 to 1.5 for hypertension, ischemic heart dis-
ease, and congestive heart failure.3 A study that prospectively
followed 648 patients with PsA enrolled through the main PsA
clinic in Toronto for selected cardiovascular events found that
the prevalence ratio of myocardial infarction, angina, and hyperten-
sion were all approximately 2-fold higher in the PsA population
compared to those without PsA.4 More recently, 3 population-
based cohort studies reported conflicting results.5–7 A large cohort
study reported a marginally increased adjusted hazard ratio (HR)
for incident MACE among 4174 patients with PsA without pre-
scriptions for disease-modifying antirheumatic drugs (DMARDs)
compared to patients without PsA (HR,1.24).5 Another study re-
ported that the 10-year cumulative incidence of cardiovascular
events was 17% among 126 patients with PsAwith no history of
CVD.6 However, the Nord-Trøndelag Health Study reported no
difference in 10-year risk of fatal cardiovascular events between
338 patients with PsA and 50,468 patients without PsA, although
the patients with PsA had higher prevalence of CVD than those
without PsA.7

The objective of this study was to estimate the rate of inci-
dent CVD and MACE among patients with PsA compared to
matched patients without PsA or psoriasis using the United
Kingdom (UK) Clinical Practice Research Datalink (CPRD).
MATERIALS AND METHODS

Data Source
The UK CPRD is a large, longitudinal, population-based

electronic medical record database that contains data on approx-
imately 10million people. The UKNational Health Service provides
universal coverage; therefore, the database contains a representative
sample of the UK general population.8 Participating general practi-
tioners (GPs) contribute data in an anonymous format including
medical diagnoses, physical findings, symptoms, details of hospi-
tal stays and specialist visits, and deaths. Several validation stud-
ies have been published on the accuracy of information recorded
in the CPRD,8–11 which indicates that the data are of high accu-
racy with regard to recorded clinical diagnoses with more than
90% of information from the manual medical records present in
the GP’s office recorded on the computer.
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Study Design and Base Population

This cohort study was conducted using CPRD data from
January 1, 1988 through December 31, 2012. We identified all
patients in the CPRD with a diagnosis of PsA who had at least
TABLE 1. Distribution of Characteristics of Patients With and Witho

CVD Cohorts

PsA No PsA

n = 7982 (%) n = 74583

Age (year)
Mean (SD) 46.1 (14.1) 45.1 (13
<10 16 (0.20) 160 (0.2
10–19 142 (1.78) 1413 (1.8
20–29 776 (9.72) 7682 (10
30–39 1800 (22.55) 17,697 (23
40–49 1997 (25.02) 19,360 (25
50–59 1850 (23.18) 17,119 (22
60–69 962 (12.05) 8081 (10
70–79 358 (4.49) 2586 (3.4
80+ 81 (1.01) 485 (0.6

Year of Cohort Entry
1988–1994 1285 (16.10) 12,031 (16
1995–1999 1533 (19.21) 14,368 (19
2000–2004 2118 (26.53) 19,793 (26
2005–2009 2219 (27.80) 20,728 (27
2010–2012 827 (10.36) 7663 (10

Sex
Female 4045 (50.68) 38,131 (51
Male 3937 (49.32) 36,452 (48

Smoking Status
Current 1698 (21.27) 15,818 (21
Former 1453 (18.20) 10,186 (13
Never 3165 (39.65) 31,129 (41
Unknown 1666 (20.87) 17,450 (23

Body Mass Index
<18.5 91 (1.14) 1110 (1.4
18.5–24.99 2273 (28.48) 26,465 (35
25.0–29.99 2572 (32.22) 22,020 (29
≥30 2152 (26.96) 13,024 (17
Unknown 894 (11.20) 11964 (16

Length of Medical History Before Cohort Entry, Year
Mean (SD) 6.9 (5.8) 7.2 (5.6
<1 1485 (18.60) 8831 (11
1–2 1221 (15.30) 12,888 (17
3–4 976 (12.23) 10,450 (14
≥5 4300 (53.87) 42,414 (56

Length of Medical History After Cohort Entry, Year
Mean (SD) 7.7 (5.8) 7.3 (5.7
≤3 2641 (33.09) 26,902 (36
4–6 1571 (19.68) 14,502 (19
7–9 1262 (15.81) 11,360 (15
≥10 2508 (31.42) 21,819 (29

Died
Yes 486 (6.09) 3655 (4.9
No 7496 (93.91) 70,928 (95
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1 year of recorded medical history in their record before the first
PsA diagnosis code. One year of history was required to ensure
that we identified patients with new diagnoses of PsA that were
not diagnosed before the start of the patient’s record. The cohort
entry date was the date of the first recorded PsA diagnosis. For
ut PsA, by Subcohort

MACE Cohorts

PsA No PsA

(%) n = 8454 (%) n = 82,308 (%)

.6) 47.0 (14.4) 46.5 (14.2)
1) 16 (0.19) 160 (0.19)
9) 143 (1.69) 1426 (1.73)
.30) 779 (9.21) 7767 (9.44)
.73) 1818 (21.50) 18,105 (22.00)
.96) 2065 (24.43) 20,453 (24.85)
.95) 1963 (23.22) 19,064 (23.16)
.83) 1111 (13.14) 10,407 (12.64)
7) 452 (5.25) 4043 (4.91)
5) 107 (1.26) 883 (1.07)

.13) 1332 (15.76) 12,912 (15.69)

.26) 1605 (18.99) 15,624 (18.98)

.54) 2278 (26.95) 22,189 (26.96)

.79) 2348 (27.77) 22,888 (27.81)

.27) 891 (10.54) 8695 (10.56)

.13) 4280 (50.63) 41,999 (51.03)

.87) 4174 (49.37) 40,309 (48.97)

.21) 1771 (20.30) 17,248 (20.96)

.66) 1620 (19.16) 12,077 (14.67)

.74) 3347 (39.59) 34,369 (41.88)

.40) 1716 (20.30) 18,514 (22.49)

9) 92 (1.09) 1258 (1.53)
.48) 2385 (28.21) 28,814 (35.01)
.52) 2731 (32.30) 24,701 (30.01)
.46) 2318 (27.42) 14,726 (17.89)
.04) 928 (10.98) 12,809 (15.56)

) 7.0 (5.9) 7.4 (5.7)
.84) 1523 (18.02) 9361 (11.37)
.28) 1264 (14.95) 13,788 (16.75)
.01) 1009 (11.94) 11,309 (13.74)
.87) 4658 (55.10) 47,850 (58.14)

) 7.6 (5.7) 7.2 (5.6)
.07) 2817 (33.32) 29,850 (36.27)
.44) 1686 (19.94) 16,082 (19.54)
.23) 1354 (16.02) 12,802 (15.55)
.25) 2597 (30.72) 23,574 (28.64)

0) 574 (6.79) 4832 (5.87)
.10) 7880 (93.21) 77,476 (94.15)
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TABLE 2. Rates of Incident CVD

PsA Cases PYs PsACohort IR per 1000 PYs (95% CI) Non-PsA Cases PYs Non-PsA Cohort IR per 1000 PYs (95% CI)

All 732 57,277 12.8 (11.9–13.7) 4962 517,152 9.6 (9.3–9.9)
Stratified by Sex
Female 333 29,238 11.4 (10.2–12.7) 2301 269,489 8.5 (8.2–8.9)
Male 399 28,039 14.2 (12.9–15.7) 2661 247,663 10.7 (10.3–11.2)

Stratified by Age, Years
<30 11 6514 1.7 (0.8–3.0) 67 60,265 1.1 (0.9–1.4)
30–49 188 28,744 6.5 (5.6–7.5) 1296 263,333 4.9 (4.7–5.2)
50–69 424 19,771 21.4 (19.5–23.6) 2889 177,060 16.3 (15.7–16.9)
70+ 109 2247 48.5 (39.9–46.3) 710 16,495 43.0 (39.9–46.3)
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each patient with PsA, up to 10 patients with no recorded diagno-
ses of psoriasis or PsA (henceforth referred to as non-PsA) were
matched on age, sex, and general practice attended. All patients
without PsAwere required to be present in the database on the co-
hort entry date of their matched patient with PsA, and the cohort en-
try date of each patient with PsA was assigned to the matched
patients without PsA.

Cohorts and Outcomes of Interest
Separate cohorts were identified for each outcome of interest

(ie, CVD, MACE). In each cohort, patient follow-up began at the
cohort entry date and continued until the end of the study period,
end of registration with the practice, death, or until they developed
the outcome of interest. The accumulated time was expressed as
person-years (PYs) at risk. Diagnoses of interest were identified
using automated searches of the electronic record of all patients
in each cohort. Cohort and outcome definition are described in
the succeeding subsections.

CVD Cohort
Cardiovascular diseases under study included arrhythmias,

ischemic heart disease, angina, myocardial infarction, stroke, peri-
cardial disease, pulmonary hypertension, and sudden death. Any
patient who had one of these diagnoses recorded before the cohort
entry date was excluded from this cohort. All patients who had a
first-time record of one of these diagnoses after the cohort entry
FIGURE 1. Cumulative incidence of CVD in the PsA and non-PsA cohort

© 2015 Wolters Kluwer Health, Inc. All rights reserved.
date were considered cases. If a patient hadmore than one of these
outcomes, we included the first only. The electronic records for a
sample of identified cases were reviewed to assess the accuracy.

MACE Cohort
Major adverse cardiovascular events were comprised of all

myocardial infarctions, strokes, and sudden deaths. Any patient
who had one of these diagnoses recorded before the cohort entry
date was excluded from the MACE cohort. A patient was consid-
ered a case if they had a first-time record for one of these diagno-
ses after the cohort entry date. If a patient had more than one of
these outcomes, we included the first only. The electronic records
for a sample of identified cases were reviewed to assess accuracy.
Each case of sudden death was reviewed to confirm that the
patient died from a cardiovascular event.

Stratification by Exposure to PsA Systemic Therapy
Among those with PsA, we stratified the results by person-

time of exposure to systemic therapies to treat PsA and non-
exposed time. The systemic therapies included DMARDs/biologics
(eg, methotrexate, sulfasalazine, and adalimumab), immunosup-
pressants (eg, azathioprine and leflunomide), and corticosteroids
(codes are available upon request), which were treated as time-
varying covariates during follow-up. Person-time of exposure to
these drugs was accrued between the dates of the prescription
issued through 3 months after the end of the supply (based on
s.
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TABLE 3. Rates of Incident CVD in Patients With PsA, Stratified by Receipt of PsA Drug Prescriptions

PsA Casesa PYs IR per 1000 PYs (95% CI) IRR (95% CI)

PsATreatmentb

No PsA Drug Prescriptions 554 45,768 12.1 (11.1–13.2) 1.00 (Ref )
PsA Drug Prescriptions 178 11,531 15.4 (13.3–17.9) 1.27 (1.08–1.51)

PsA Drug Typeb

DMARDs/Biologics 166 10,661 15.6 (13.3–18.1) 1.29 (1.08–1.53)
Immunosuppressants 9 898 10.0 (4.6–19.0) 0.83 (0.48–1.44)
Corticosteroids 7 208 33.6 (13.5–69.2) 2.78 (1.32–5.86)

aCases could have received more than 1 category of PsA drug and therefore be counted more than once.
bCase considered exposed if last PsA drug prescription occurred 3 months or less before CVD diagnosis date.
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the amount prescribed divided by the number of times per day).
Otherwise, the follow-up time was treated as not exposed to the
systemic therapies. To assess the appropriateness of this exposure
time window definition, we conducted sensitivity analyses where
the period after the end of supply was varied from 1 month
to 6 months.

Statistical Analysis
Within each cohort, we estimated incidence rates (IRs) per

1000 PYs and incidence rate ratios (IRRs) with 95% confidence
intervals (CIs) for PsA compared to non-PsA cohorts, and strat-
ified by sex and age (<30, 30–49, 50–69, and ≥70 years). We es-
timated the risk (cumulative hazard function) of each study
outcome using the Kaplan-Meier method and tested the differ-
ences using log-rank test. In the PsA cohort, the results were strat-
ified by person-time of exposure or nonexposure to systemic PsA
therapy and by type of drug prescribed. Statistical analyses were
carried out using SAS Release 9.2 (SAS Institute Inc, Cary NC).

The protocol for this study was reviewed and approved by
the Independent Scientific Advisory Committee of the CPRD.
RESULTS

Cardiovascular Disease
We identified 7982 patients with PsA and 74,583 patients

without PsA in the CVD cohort after exclusions. Their character-
istics are presented in Table 1. The rate of incident CVD was mar-
ginally higher in the PsA cohort compared to the non-PsA cohort
(12.8/1000 PYs [95% CI, 11.9–13.7] and 9.6/1000 PYs [95% CI,
9.3–9.9], respectively; IRR, 1.33 [95% CI, 1.23–1.44]; Table 2).
Rates were higher in men compared to women and increased with
TABLE 4. Rates of MACE

PsACases PYs PsA cohort IR per 1000 PYs (95% CI) N

All 288 62,983 4.6 (4.1–5.1)
Stratified by Sex
Female 134 31,876 4.2 (3.5–5.0)
Male 154 31,107 5.0 (4.2–5.8)

Stratified by Age, Years
<30 2 6603 0.3 (0.0–1.1)
30–49 54 30,058 1.8 (1.3–2.3)
50–69 172 23,087 7.5 (6.4–8.7)
70+ 60 3235 18.5 (14.2–23.9)
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increasing age in both the PsA and non-PsA cohorts. Rates were
higher in the PsA cohort at every age stratum. Rates were consis-
tently higher in the PsA cohort compared to the non-PsA cohort at
each time point after cohort entry (P < 0.0001; Fig. 1).

In the PsA cohort, rates of incident CVD were marginally
higher in patients who received prescriptions for PsA drugs com-
pared to those who did not (IRs, 15.4/1000 PY [95% CI, 13.3–
17.9] and 12.1/1000 PY [95% CI, 11.1–13.2], respectively; IRR,
1.27 [95% CI, 1.08–1.51]; Table 3). Among those who received
prescriptions for PsA drugs, IRs were highest among those treated
with corticosteroids (33.6/1000 PYs; 95% CI, 13.5–69.2), followed
by DMARDs/biologics (15.6/1000 PYs; 95% CI, 13.3–18.1).
These differences in IRs were not significant because of the small
number of patients exposed to immunosuppresants or corticoste-
roids. The results did not differ when we redefined the exposure
window in the sensitivity analyses.

Major Adverse Cardiovascular Events
There were 8454 patients with PsA and 82,308 patients with-

out PsA in the MACE cohort after exclusions. The characteristics
of this cohort are presented in Table 1. The IR of incident MACE
was higher in the PsA cohort compared to the non-PsA cohort
(4.6/1000 PY [95% CI, 4.1–5.1] and 3.5/1000 PY [95% CI,
3.4–3.7], respectively; IRR, 1.30 [95% CI, 1.15–1.47]; Table 4).
Rates were higher in the patients with PsA compared to the patients
without PsA in all age groups. Rates were higher in men compared
to women in both cohorts and increased with increasing age. Rates
were significantly higher in the PsA cohort than in the non-PsA
cohort at each time point after cohort entry (P < 0.0001; Fig. 2).

In the PsA cohort, the IR of MACE was marginally higher
in patients who received prescriptions for PsA drugs compared
to those who did not (IR, 5.7/1000 PYs [95% CI, 4.5–7.2] and
on-PsA Cases PYs Non-PsA cohort IR per 1000 PYs (95% CI)

2061 585,237 3.5 (3.4–3.7)

853 304,166 2.8 (2.6–3.0)
1208 281,070 4.3 (4.1–4.5)

12 61,156 0.2 (0.1–0.3)
399 278,344 1.4 (1.3–1.6)
1215 216,921 5.6 (5.3–5.9)
435 28,816 15.1 (13.7–16.6)

© 2015 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 2. Cumulative incidence of MACE in the PsA and non-PsA cohorts.
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4.3/1000 PYs [95% CI, 3.7–4.9], respectively; IRR, 1.34 [95%
CI, 1.03–1.75]; Table 5). Among those who received prescrip-
tions for PsA drugs, IRs were highest among those treated with
corticosteroids (21.2/1000 PYs, 95% CI, 6.8–49.4), followed
by DMARDs/biologics (5.6/1000 PYs; 95% CI, 4.3–7.1;
Table 5). These IRs were not statistically different from each
other because of the small number of patients exposed to corti-
costeroids or immunosuppressants. The results were not mate-
rially different when we redefined the exposure window in the
sensitivity analyses.
DISCUSSION
Incidence rates of CVD and MACE were slightly higher in

the patients with PsA compared to the patients without PsA. In
the patients with PsA, IRs were higher among those who received
prescriptions for systemic therapy compared to the patients with
PsA who did not. Among the treated patients with PsA, rates of
CVD and MACE were highest among current users of corticoste-
roids, compared toDMARDs/biologics and immunosuppressants,
although the rates were not significantly different among any PsA
treatment owing to the small number of patients exposed to corti-
costeroids and immunosuppressants. The higher risk in treated
patients with PsA compared to non-treated patients may be ex-
plained by the severity of the PsA disease: Patients who receive
TABLE 5. Rates of MACE in Patients With PsA, Stratified by Receipt

MACE Casesa PYs

PsATreatmentb

No PsA Drug Prescriptions 216 50,442
PsA Drug Prescriptions 72 12,564

PsA Drug Typeb

DMARDs/Biologics 65 11,596
Immunosuppressant 3 989
Corticosteroid 5 236

aCases could have received more than 1 category of PsA drug and therefore
bCase considered exposed if last PsA drug prescription occurred 3 months o

© 2015 Wolters Kluwer Health, Inc. All rights reserved.
treatments are likely to have more severe disease than those
who do not.

There are only a few studies published to date that provide
data on rates of incident CVD and MACE in patients with PsA
to help put the results of this study into context. A recent analysis
of patients with PsA compared to patients without PsA in The
Health Improvement Network (THIN) database reported a similar
incidence rate (5.7 per 1000 PYs) and found that the age- and sex-
adjusted HR of MACE was 1.33 (95% CI, 1.13–1.58) among pa-
tients with PsA with no DMARD prescriptions, whereas they
found no significant increased risk of MACE among patients with
PsAwithDMARDprescriptions.5 Because of different definitions
for exposure to DMARDs and comparison group selection, it is
not possible to compare our findings with theirs directly. Another
recently published analysis of 1952 patients with PsA in the
CPRD age 18 years or older diagnosed between July 2006 and
June 2010 reported a slightly lower IR of incident CVD than
presented in our study (3.7 per 1000 PYs).12 The difference in
the observed IR may be due to differences in the study period
(2006–2010 compared to 1988–2012), potential differences in
the definition of CVD (we included arrhythmias, pulmonary
hypertension, and pericardial disease, whereas they did not),
or a shorter follow-up period (mean of 3 years compared to
more than 7 years in our study). Additionally, this publication
only reported relative risk estimates comparing PsA to patients
of PsA Drug Prescriptions

IR per 1000 PYs (95% CI) IRR (95% CI)

4.3 (3.7–4.9) 1.00 (Ref )
5.7 (4.5–7.2) 1.34 (1.03–1.75)

5.6 (4.3–7.1) 1.31 (0.99–1.73)
3.0 (0.6–8.9) 0.71 (0.23–2.21)
21.2 (6.8–49.4) 4.95 (2.04–12.01)

be counted more than once.

r less before MACE diagnosis date.
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with psoriasis; therefore, their rates are not comparable to ours.
None of these studies looked at different mechanisms of heart
disease, so we cannot evaluate whether PsA is associated with
certain mechanisms more than others.

Our population-based study had a number of strengths. We
used a very large and well-established, validated, longitudinal
primary care database, the CPRD, which is known for its high
accuracy and completeness of diagnoses. The mean length of
follow-up was more than 7 years in both the PsA and non-PsA co-
horts for each outcome of interest. By excluding patients who had
less than 1 year in their history before the date of the first recorded
PsA diagnosis, we reduced the risk of including patients with
prevalent, rather than incident, PsA. Therefore, in contrast to pre-
viously published studies, our results reflect the risk of CVD and
MACE in patients with incident PsA. This analysis contributes to
an area that is not well understood in the PsA population. This
study is one of a few that present population-based estimates of
incident CVD and MACE in patients with PsA. Our estimates
and results are similar to other studies published to date.

There were a few potential limitations to consider. First, it is
possible that we included some people who did not actually have
PsA. However, we assessed the number of PsA diagnoses, codes
for PsA symptoms, and treatments for PsA to validate the diagno-
sis and found that approximately 98% of potential patients with
PsA identified had at least one of these supporting codes. Thus,
we are confident that most of people in the PsA cohort did have
the disease. Second, it is possible that we miscalculated person-
time of exposure, since some patients with PsA may have stopped
taking systemic PsA therapies sooner or later than we assumed
based on the prescription data. To assess this, we conducted sensi-
tivity analyses, where we extended and shortened the exposure
time window. There were no material differences in the results re-
gardless of the exposure window used. In the UK, biologics are
often prescribed by consultants (specialists) and thus are rarely
captured in the GP record; thus, it is possible that we misclassified
some exposed person-time as nonexposed. The incomplete cap-
ture of exposure to biologics also limits our ability to separate in-
dependent effects of biologics from DMARDs.

In summary, incidence rates of CVD and MACE were
slightly higher in patients with newly diagnosed PsA compared
to patients without PsA. In patients with PsA, IRs were higher
among those who received prescriptions for systemic therapy com-
pared to patients with PsAwho did not; however, this could reflect
the effect of the severity of PsA rather than an effect of the systemic
therapies. This study, which followed patients with newly diagnosed
PsA, had a shorter duration of disease experience as compared to
410 www.jclinrheum.com
other studies but has found similar results to studies of patients
with long-term PsA, providing further evidence of an association
between PsA and CVD and MACE.
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