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SORIASIS IS A COMMON,
chronic, immune-mediated
disease that affects about 2% to
3% of the adult population.'?
Approximately 6% to 11% of patients
with psoriasis also have an associated
inflammatory arthropathy (psoriatic ar-
thritis).>* The extent of body surface
area affected by psoriasis is variable,
ranging from limited disease (<2%
body surface area) in approximately
80% of patients to more extensive skin
involvement in approximately 20% of
patients.’ Psoriasis has serious im-
pacts on health-related quality of life,
even in patients with limited body sur-
face area involvement.®
The pathophysiology of psoriasis is
characterized by an increase in anti-
gen presentation, T-cell activation, and
T-helper cell type 1 (Tyl) cytokines,
resulting in thick scaly red plaques and
in some patients, arthritis.”® Psoriasis
is also associated with markers of sys-
temic inflammation, such as increased
C-reactive protein levels.”!! The immu-
nological abnormalities that lead to the
development of psoriasis suggest that
these patients may be at increased risk
for other diseases associated with an
inflammatory state. For example,
increasing evidence suggests thata Ty1
immune response, including activated
T cells, antigen presenting cells, cytok-
ines, and markers of systemic inflam-
mation such as C-reactive protein, are
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Context Psoriasis is the most common T-helper cell type 1 (Ty1) immunological dis-
ease. Evidence has linked Ty1 diseases to myocardial infarction (MI). Psoriasis has been
associated with cardiovascular diseases, but has only been investigated in hospital-
based studies that did not control for major cardiovascular risk factors.

Objective To determine if within a population-based cohort psoriasis is an indepen-
dent risk factor for MI when controlling for major cardiovascular risk factors.

Design, Setting, and Patients A prospective, population-based cohort study in
the United Kingdom of patients with psoriasis aged 20 to 90 years, comparing out-
comes among patients with and without a diagnosis of psoriasis. Data were collected
by general practitioners as part of the patient’'s medical record and stored in the Gen-
eral Practice Research Database between 1987 and 2002, with a mean follow-up of
5.4 years. Adjustments were made for hypertension, diabetes, history of myocardial
infarction, hyperlipidemia, age, sex, smoking, and body mass index. Patients with pso-
riasis were classified as severe if they ever received a systemic therapy. Up to 5 con-
trols without psoriasis were randomly selected from the same practices and start dates
as the patients with psoriasis. A total of 556 995 control patients and patients with
mild (n=127 139) and severe psoriasis (n=3837) were identified.

Main Outcome Measure Incident MI.

Results There were 11 194 Mls (2.0%) within the control population and 2319 (1.8%)
and 112 (2.9%) MlIs within the mild and severe psoriasis groups, respectively. The in-
cidences per 1000 person-years for control patients and patients with mild and severe
psoriasis were 3.58 (95% confidence interval [Cl], 3.52-3.65), 4.04 (95% ClI, 3.88-
4.21), and 5.13 (95% Cl, 4.22-6.17), respectively. Patients with psoriasis had an in-
creased adjusted relative risk (RR) for MI that varied by age. For example, for a 30-
year-old patient with mild or severe psoriasis, the adjusted RR of having an Ml is 1.29
(95% Cl, 1.14-1.46) and 3.10 (95% Cl, 1.98-4.86), respectively. For a 60-year-old
patient with mild or severe psoriasis, the adjusted RR of having an Ml is 1.08 (95% Cl,
1.03-1.13) and 1.36 (95% ClI, 1.13-1.64), respectively.

Conclusions Psoriasis may confer an independent risk of MI. The RR was greatest
in young patients with severe psoriasis.
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important to the development of ath-
erosclerosis and ultimately, myocar-
dial infarction (MI).'*"* The observa-
tion that other T;1-mediated diseases,
such as rheumatoid arthritis, are asso-
ciated with an increased risk of MI sup-
ports the theory that Ty1-mediated dis-
eases predispose patients to MI.'*16
Several hospital-based studies have
indicated that psoriasis is associated
with a higher prevalence of cardiovas-
cular diseases, including MI1.'"*! These
studies did not control for any poten-

tially associated risk factors for MI and
therefore it is unclear if psoriasis it-
self, or comorbidities and behaviors as-
sociated with psoriasis, explain this as-
sociation. The goal of our study was to
examine a broadly representative popu-
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lation-based cohort to determine the
risk of MI in patients with psoriasis.

METHODS
Study Design

More than 1500 general practitioners
in the United Kingdom, who were un-
aware of the hypothesis to be tested, col-
lected data prospectively in this popu-
lation-based cohort study between 1987
and 2002. Data were collected as part
of the patient’s electronic medical rec-
ord and were maintained in the Gen-
eral Practice Research Database
(GPRD). The GPRD contains data on
more than 8 million persons with more
than 35 million years of follow-up time
and is broadly representative of the UK
population.?* General practitioners re-
ceive specific training, financial induce-
ments, and penalties to ensure data ac-
curacy. The GPRD has been used
extensively for epidemiological stud-
ies. In the UK health care system, all of
the patients’ care is coordinated by the
general practitioner. The ability of the
GPRD to capture data from special-
ists, and validly identify psoriasis, MI,
and the covariates used for this study,
has been demonstrated previously.”*?

The study population consisted of all
patients with psoriasis aged 20 to 90
years who had at least 1 day of obser-
vation time. Each patient with psoria-
sis was matched to up to 5 control pa-
tients (as available, based on matching
criteria) who did not have diagnostic
codes consistent with psoriasis, who
were observed in the same practice, and
who had a date of observation in the
practice (the latest of either the date
when the patient registered with the
practice or the date when the practice
was designated “up to standard”) within
60 days. Therefore, we ensured that
those patients with and without pso-
riasis were followed up by the same
practices during similar time periods.
For control patients, observation start
time was the latest of the patient reg-
istration and up to standard dates. For
patients with psoriasis, observation start
time was the latest of the patient reg-
istration, up to standard, and psoriasis
diagnosis dates. Practices are desig-
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nated up to standard when audits dem-
onstrate that at least 95% of relevant pa-
tient encounters are recorded and data
are determined to be of suitable qual-
ity for epidemiological research. For all
patients, follow-up time ended (ie, pa-
tients were censored) when they de-
veloped an M1, died, transferred out of
the practice, or the practice was no
longer up to standard, whichever came
first.

Study Groups

Diseases are classified in the GPRD by
using Oxford Medical Information Sys-
tem (OXMIS) and Read codes. The
OXMIS and Read codes are diagnostic
codes that general practitioners use as
part of the patient’s electronic medical
record. Patients were classified as hav-
ing psoriasis if they ever received a di-
agnostic code for psoriasis. Patients with
psoriasis were defined as having se-
vere disease if they received a code con-
sistent with severe disease (eg, treat-
ment with psoralen or phototherapy,
methotrexate, azathioprine, cyclospor-
ine, etretinate, acitretin, hydroxyurea,
or mycophenolate), as determined by
the British National Formulary and the
opinion of 2 dermatologists (D.J.M. and
J.M.G.). The treatment codes were se-
lected without any knowledge of
whether or not the patients with pso-
riasis ever had an MI. Patients with pso-
riasis were classified as having mild dis-
ease if the patients never received a code
consistent with severe disease. Pa-
tients were classified as controls if they
never received a diagnostic code con-
sistent with psoriasis.

Measurement of Covariates

Patients were classified as having dia-
betes mellitus, hyperlipidemia, hyper-
tension, or being a current smoker if
they ever received a code for these con-
ditions during the time that the prac-
tice was considered up to standard. Pa-
tients were determined to have a history
of MI if they ever received a code for
MI on or before their start date. Age was
determined at the maximum of the pa-
tient registration and up to standard
dates. Body mass index was deter-

mined based on the recorded height and
weight that occurred closest to the start
date and calculated as weight in kilo-
grams divided by height in meters
squared.

Outcome Measure

Patients were classified as having an
acute MI if they received a medical code
consistent with this diagnosis after the
start date and on or before the end date.

Statistical Analyses

The sample size was determined by in-
cluding the maximum eligible num-
ber of patients with psoriasis eligible
based on the age criteria. We ran-
domly selected and matched up to 5
control patients, as additional match-
ing yields minimal statistical power. All
eligible controls were not included to
allow for analyses to be performed us-
ing standard hardware and software
given the massive size of the database.
Data were summarized descriptively.
Associations between the presence of
psoriasis and various covariates were
tested by using the Fisher exact test for
categorical variables and ¢ test for con-
tinuous variables. All statistical tests
were 2-tailed.

The rates of MI in the mild and se-
vere psoriasis groups were compared
with the rate of MI in the control popu-
lation by using an unadjusted Cox pro-
portional hazards regression model. Pa-
tients who died without MI were
considered censored for the primary
analysis; we also conducted sensitivity
analyses considering the composite out-
come of the earlier of MI and death. The
rates were then adjusted for age, sex, and
the presence of diabetes, hyperlipi-
demia, hypertension, or current smok-
ing. Body mass index was not included
in the primary model as it was recorded
in only 61% of patients, but was in-
cluded in a sensitivity analysis. We also
assessed interactions between age and
psoriasis and sex and psoriasis on the risk
of ML Each dichotomous variable in the
model was checked for proportionality
while adjusting for the other covariates
in the model by examining diagnostic
log-log survival plots.
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We performed a sensitivity analysis
in which patients had to have at least
6 months of follow-up time and could
not have had an MI in the first 6 months
to ensure the capture of incident, not
prevalent, MIs. Additional sensitivity
analyses were performed to ensure that
all patients were actively followed up.
First, we altered the end date such that
it was defined as the earliest date at
which the patient experienced MI, or
received a last prescription or diagno-
sis; and second, we restricted the popu-
lation to only include patients ob-
served at least once per year by the
general practitioners. One other sensi-
tivity analysis was performed to dem-
onstrate that the association of psoria-
sis with MI was not affected by the
reason for censoring.

All statistical analyses were per-
formed by using Stata version 8.2 (Stata-
Corp LP, College Station, Tex). All P
values are 2-sided and P<<.05 was con-
sidered statistically significant.

Protection of Study Subjects

Data were stripped of personally iden-
tifiable information. The study was ap-
proved by the Office of Regulatory Af-
fairs of the University of Pennsylvania,
Philadelphia, and by the Scientific and
Ethical Advisory Group of the Medi-
cines Control Agency, United King-
dom. The requirement of informed con-
sent was waived as the study included
only anonymized data.

RESULTS

We identified 130976 patients with
psoriasis and 556 995 corresponding
control patients, followed up for a mean
of 5.4 years (TABLE 1). Patients with
psoriasis were less likely to be cen-
sored by transferring out of the prac-
tice than were control patients. Among
patients with psoriasis, 3837 (2.9%)
were classified as having severe dis-
ease based on having received sys-
temic treatment. The frequency of oral
treatment for psoriasis was similar to
that reported in other population-
based studies from the United King-
dom.* The majority of patients classi-
fied with severe psoriasis received

©2006 American Medical Association. All rights reserved.
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Table 1. Characteristics of Study Groups*

Study Group P Value
I 1
Mild Severe Mild Severe
Control Psoriasis Psoriasis Psoriasis Psoriasis
Characteristics (n=556995) (n=127139) (n=3837) vs Control vs Control
Sex
Male 261023 (46.86) 61100 (48.06) 1869 (48.71) :| <001 01
Female 295972 (53.14) 66039 (51.85) 1968 (51.29) ) )
Age,y
Mean 45,72 46.35 49.75 :| <001 <001
Median (IQR) 42 (30-60) 44 (31-60) 49 (36-63)
Diabetes mellitus
Yes 18239 (3.27) 5478 (4.31) 270 (7.04) ] <001 001
No 538756 (96.73) 121661 (95.69) 3567 (92.96)
History of MI
Yes 7780 (1.4) 2261 (1.78) 76 (1.98) ] <001 002
No 549215 (98.6) 124878 (98.22) 3761 (98.02)
Hyperlipidemia
Yes 18534 (3.33) 5822 (4.58) 227 (5.92) ] <001 <001
No 538461(96.67) 121317 (95.42) 3610 (94.08)
Hypertension
Yes 66366 (11.92) 18521 (14.57) 762 (19.86) :| <001 001
No 490629 (88.08) 108618 (85.43) 3075 (80.14)
Smokingt
Yes 118729 (21.32) 35551 (27.96) 1150 (29.97) ] <001 <001
No 438266 (78.68) 91588 (72.04) 2687 (70.03)
Mean BMIF 25.27 25.77 26.55 <.001 <.001
Reason for end of study
Death 38017 (6.83) 7033 (6.53) 304 (7.92)
End of up to standard 365709 (65.66) 94595 (74.40) 3091 (80.56) i| <.001 <.001
Transfer out 1563269 (27.52) 25511 (20.07) 442 (11.52)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); IQR, inter-

quartile range; MI, myocardial infarction.

*Data are presented as number (percentage) unless otherwise indicated. Because of rounding, percentages may not all

total 100.
tDefined as current or never.
FData for BMI were available for 61% of the patients.

methotrexate (TABLE 2). Documenta-
tion of psoralen and phototherapy use
was low, because these therapies are re-
stricted to specialists and are not well
captured by the GPRD.

Patients with psoriasis were more
likely to be men and older; however, the
distribution of these variables was simi-
lar between patients with psoriasis and
controls. Consistent with previous stud-
ies,'?293132 patients with psoriasis were
more likely to have diabetes, hyperlipi-
demia, hypertension, a history of MI,
have a higher body mass index, and be
a current smoker.

The incidence rates of MI are shown
in TABLE 3. Patients with psoriasis had
a higher incidence of MI compared
with control patients, with patients
who had severe psoriasis having the
highest rate. TABLE 4 provides the haz-

]
Table 2. Systemic Therapies Received by
Patients With Severe Psoriasis (n = 3837)*

No. of Patients

With Severe

Systemic Therapy Psoriasis (%)

Methotrexate 2262 (58.95)

Azathioprine 629 (16.39)

Psoralen 622 (16.21)

Cyclosporine 394 (10.27)
Etretinate or acitretin 346 (9.02)
Hydroxyurea 222 (5.79)
Mycophenolate mofetil 9(0.23)

*Percentages do not add up to 100 because patients could
have received more than 1 systemic therapy.

ard ratios for all of the factors in the
adjusted model. As expected, all of the
usual risk factors result in increased
risk of MI in this population. Exami-
nation of log-log plots for each of the
variables in our model demonstrated
that assumptions of proportional haz-
ards were met.
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The increased relative risk of hav-
ing an MI adjusted for potentially con-
founding variables was similar in men
and women. However, there was effect
modification by age on the relative risk
of patients with psoriasis developing an
MI (Table 4). The highest relative risk

for patients with psoriasis having an MI
occurred in younger patients, and the
relative risk was attenuated in older pa-
tients (FIGURE). For example, for a 30-
year-old patient with mild or severe pso-
riasis, the relative risk of having an MI
is 1.29 (95% confidence interval [CI],

]
Table 3. Incidence of Ml in Patients With Psoriasis Compared With Control Patients*

Study Group
Variable I Control Mild Psoriasis Severe PsoriasisI
Follow-up time, y
Mean 5.61 4.51 5.70
Median (IQR) 5.21(2.17-9.14) 3.80 (1.64-7.14) 5.37 (2.66-8.90)
No. of person-years 3123004 573787 21845
No. of new MI cases (%) 11194 (2.0) 2319 (1.8) 112 (2.9)

Incidence per 1000 person-years 3.58 (3.52-3.65)

4.04 (3.88-4.21)

5.13 (4.22-6.17)

(95% ClI)
Aged 30-40y
Attributable risk NA 1.068 per 10000 7.222 per 10000
person-years person-years
Excess risk NA 1 Ml per 9365 1 Ml per 1385
patients per patients per
year year
Aged 40-50'y
Attributable risk NA 2.743 per 10000 16.060 per 10000
person-years person-years
Excess risk NA 1 Ml per 3646 1 Ml per 623
patients per patients per
year year
Aged 50-60 y
Attributable risk NA 4.658 per 10000 283.250 per 10000
person-years person-years
Excess risk NA 1 Ml per 2147 1 Ml per 430

patients per
year

patients per
year

Abbreviations: Cl, confidence interval; IQR, interquartile range; MI, myocardial infarction; NA, not applicable.

*Attributable risk and excess risk were calculated based on the adjusted relative risk of Ml in patients with psoriasis, which
varies by age as shown in Table 4 and the Figure. Relative risk was adjusted for psoriasis (unadjusted), psoriasis, age,
age X psoriasis (interaction term), diabetes, history of MI, hyperlipidemia, hypertension, sex, and smoking.

]
Table 4. Univariable and Multivariable Cox Proportional Hazard Regression Models of the
Risk of Ml in Patients With Mild and Severe Psoriasis Compared With Control Patients*

Model Hazard Ratio (95% CI)t

Covariate

Mild Psoriasis

1
Severe Psoriasis

Psoriasis (unadjusted)

1.11 (1.07-1.17)

1.43 (1.18-1.72)

Psoriasis 1.54 (1.24-1.91)% 7.08 (3.06-16.36)f
Age per year 1.077 (1.076-1.079) 1.077 (1.076-1.078)
Age X psoriasis (interaction term) 0.994 (0.991-0.997) 0.97 (0.96-0.99)
Diabetes 1.61 (1.53-1.70) 1.62 (1.53-1.71)
History of MI 3.24 (3.07-3.41) 3.31 (3.13-3.51)
Hyperlipidemia 3.08 (2.93-3.23) 3.18 (3.02-3.36)
Hypertension 1.11(1.07-1.16) 1.12(1.07-1.17)
Male sex 2,12 (2.04-2.19) 2.14 (2.05-2.22)
Smoking 1.15(1.10-1.20) 1.16 (1.11-1.21)

Abbreviations: Cl, confidence interval; MI, myocardial infarction.

*Body mass index was not included in the primary model because it was available for only 61% of the patients.

1P<.001 for all comparisons.

FThe point estimate of the hazard ratio for Ml due to mild or severe psoriasis is not directly interpretable as this hazard
ratio was modified by age (ie, age X psoriasis interaction term was significant). Age was categorized in years. See
the Figure for adjusted hazard ratio of Ml in patients with mild and severe psoriasis based on age.
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1.14-1.46) and 3.10 (95% CI, 1.98-
4.86), respectively. However, for a 60-
year-old patient with mild or severe pso-
riasis, the relative risk of having an MI
is 1.08 (95% CI, 1.03-1.13) and 1.36
(95% CI, 1.13-1.64), respectively. How-
ever, the attributable and excess risk of
MI due to psoriasis, when controlling
for major cardiovascular risk factors, in-
creases as patients with psoriasis age
due to the fact that the baseline risk of
MI increases with age (Table 3).

We performed a series of sensitivity
analyses (TABLE 5) to further ensure the
validity of our results. Similar results
were found in analyses that excluded
MIs occurring within the first 6 months
of follow-up to ensure capture of inci-
dent, not prevalent MI; or that re-
quired the last prescription or diagno-
sis be used as the end date to ensure that
all patients were actively followed up
and censored for the same reason; or
that were restricted to patients who
were observed at least once per year by
the general practitioners to further en-
sure active follow-up. Additional sen-
sitivity analyses demonstrated no evi-
dence of confounding by body mass
index when the models were limited to
patients with a recorded height and
weight. We also performed 2 addi-
tional analyses in the severe group. In
the first model, we excluded patients
ever treated with methotrexate and, in
a second model, we excluded patients
ever treated with oral retinoids or cy-
closporine. The relative risk of MI in
patients with severe psoriasis re-
mained increased in both of these mod-
els and was statistically similar to our
primary analysis. Finally, an increase
in the adjusted relative risk for pa-
tients with psoriasis persisted in a model
that included a composite end point of
MI or death due to any cause.

COMMENT

Our study results suggest that psoria-
sis is an independent risk factor for MI.
The risk of MI associated with psoria-
sis is greatest in young patients with se-
vere psoriasis, is attenuated with age,
and remains increased even after con-
trolling for traditional cardiovascular

©2006 American Medical Association. All rights reserved.



risk factors. The findings demonstrate
a dose-response effect, given that pa-
tients classified as severe had a higher
risk of MI than patients with mild pso-
riasis, consistent with the hypothesis
that greater immune activity in psoria-
sis is related to a higher risk of ML

The reason for the higher risk ratio of
MI in younger patients with psoriasis
may relate to the observation that pso-
riasis is a heterogeneous disease. For ex-
ample, it has been hypothesized that
those persons with earlier onset disease
(before age 40 years) have more severe
disease and a stronger association with
human leukocyte antigen (HLA)-Cw6
than patients with onset of psoriasis af-
ter age 40 years.>>** Additionally, be-
cause most patients with psoriasis de-
velop the disease before age 40 years
(approximately 75%), there may be a sur-
vivorship effect in which after decades
of psoriasis, those patients predisposed
to MI would less likely be available in the
older age groups of our study due to the
mortality associated with ML

Our study advances the literature es-
tablishing the association of psoriasis
and MI in that it is a broadly represen-
tative population-based study, which
controlled for major risk factors that are

MYOCARDIAL INFARCTION IN PATIENTS WITH PSORIASIS

typically measured in epidemiological
studies of cardiovascular disease. Our
study also has the advantage of being
large enough to allow for detailed analy-
ses, which have yielded novel find-
ings. The study is broadly representa-
tive of patients with psoriasis. The
magnitude of association between se-
vere psoriasis and MI in those patients
younger than 50 years is similar to the
magnitude of association for other ma-
jor cardiac risk factors.

Observational studies may be limited
by bias and confounding. Selection bias
isunlikely to explain the results described
herein as the patients with psoriasis and
control patients were identified and
included from the same well-defined
source population. Information (ascer-
tainment) bias is unlikely to explain the
results as patients with psoriasis and con-
trol patients had information collected
in the same manner (by general practi-
tioners matched by practice) and the
results were robust to multiple sensitiv-
ity analyses. Control patients were more
likely to be censored by transferring out
of the practice; however, the results were
similar in sensitivity analyses in which
patients were censored at the time of their
last prescription or diagnosis to ensure

that all patients were actively followed
up and censored for the same reason.
Because Ml is a major objective medical
event, it is very unlikely that documen-
tation of ML in the electronic medical rec-
ord would vary between patients with
psoriasis and those observed by general
practitioners for diagnoses other than
psoriasis.

The results also persisted when con-
trolling for the major risk factors for MI.
However, it is possible that unknown

|
Figure. Adjusted Relative Risk of Myocardial
Infarction in Patients With Psoriasis Based on
Patient Age
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Table 5. Sensitivity Analyses Hazard Ratio Point Estimates for Patients Aged 30 and 60 Years

Hazard Ratio (95% ClI)

[
Mild Psoriasis

1
Severe Psoriasis

Age 30 Years

Age 60 Years

Age 30 Years

Age 60 Years

Primary analysis

1.29 (1.14-1.46)

1.08 (1.03-1.13)

3.10 (1.98-4.86)

1.36 (1.13-1.64)

At least 6 mo of follow-up (to ensure capture
of incident, not prevalent Mls)

1.27 (1.12-1.45)

1.08 (1.03-1.14)

2.11(1.95-4.94)

1.45 (1.20-1.76)

Last prescription or diagnosis as end date
(to ensure that patients are actively

followed up and censored for the same reason)

1.28 (1.13-1.44)

1.07 (1.02-1.13)

2.90 (1.86-4.54)

1.32 (1.09-1.59)

Inclusion of patients observed =1 time/y
by the general practitioner (to ensure
that patients are actively followed up)

1.20 (1.06-1.36)

1.04 (0.99-1.09)

2.82 (1.81-4.40)

1.29 (1.07-1.56)

Primary model but also adjusting for BMI
(excludes approximately 40% of patients
for whom there was no BMI)

1.36 (1.17-1.58)

1.07 (1.01-1.19)

2.65 (1.53-4.59)

1.56 (1.25-1.93)

Primary model excluding approximately 40%
of patients for whom there was no BMI;
in this model, BMI was not included

1.37 (1.18-1.59)

1.08 (1.02-1.14)

2.70 (1.56-4.66)

1.58 (1.27-1.96)

Exclusion of patients treated with methotrexate

NA

NA

412 (2.24-7.59)

1.45 (1.11-1.91)

Exclusion of patients treated with oral retinoids
or cyclosporine*

NA

NA

2.06 (1.16-3.67)

1.28 (1.03-1.58)

Composite end point of MI or death

1.44 (1.34-1.55)

1.20 (1.17-1.24)

2.08 (1.54-2.82)

1.42 (1.27-1.58)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); Cl, confidence interval; MI, myocardial infarction; NA, not applicable.
*Age X psoriasis interaction term was of borderline statistical significance (P = .06).
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or unmeasured confounding variables
may explain some of the observed as-
sociation. For example, recent litera-
ture has found modest associations be-
tween obesity, smoking, stress, and
psoriasis when evaluating patients from
referral centers or hospitals.?'*>3® In-
formation on body mass index was
available for approximately 61% of pa-
tients, and patients with psoriasis had
increases in body mass index com-
pared with control patients. Other
population-based studies have not
found a significant association be-
tween psoriasis and body mass in-
dex.*” In our study, we did not find any
evidence of confounding by body mass
index in the patients (>410 000) who
had this information recorded. Fur-
thermore, we measured smoking sta-
tus as current or never and therefore
could not determine if history of smok-
ing or number of cigarettes smoked in-
troduced any potential confounding.
Additionally, we defined severe pso-
riasis based on a history of having re-
ceived systemic therapies and there-
fore cannot differentiate between the
impact of psoriasis severity and sys-
temic therapy on the risk of MI. The
most commonly used systemic therapy
was methotrexate, which recently has
been shown to lower the incidence of
cardiovascular outcomes, and there-
fore it is possible that our algorithm
classifying severe psoriasis may under-
estimate the independent risk of MI in
patients with severe psoriasis.”® Oral re-
tinoids and cyclosporine may induce
certain cardiovascular risk factors, such
as hypertension and hyperlipidemia, in
some patients; however, these vari-
ables were measured in our analysis and
would be unlikely to alter MI risk in an
independent manner.?>* Further-
more, the findings in the severe group
were robust to sensitivity analyses that
excluded patients treated with meth-
otrexate or cyclosporine and oral ret-
inoids. We also did not directly assess
psoriasis activity in our mild psoriasis
group; therefore, it is possible that the
risk of MI in those patients we classi-
fied as having mild disease varies based
on psoriasis activity (eg, extent of skin
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involvement). Finally, we did not ex-
amine if having psoriatic arthritis and
the possible use of nonsteroidal anti-
inflammatory drugs in addition to skin
psoriasis further altered the risk of hav-
ing an ML

The results add to the growing evi-
dence linking Tyl diseases to athero-
sclerosis and coronary artery disease.
Psoriasis is the most prevalent Ty1 au-
toimmune disease. The immune
abnormalities in psoriasis are pro-
found, leading to an estimated 20
billion T cells infiltrating the skin of a
patient with severe psoriasis as well as
profound increases in dendritic cells,
Tyl cytokines (eg, TNF-a, inter-
feron), and chemokines.” Other Ty1 dis-
eases, such as rheumatoid arthritis, have
also been shown to be an independent
risk factor for acute MI and multives-
sel coronary artery disease, when ad-
justing for coronary risk factors, such
as diabetes, hyperlipidemia, hyperten-
sion, and smoking."*'® Additional stud-
ies have indicated that the severity of
rheumatoid arthritis, measured by
markers of systemic inflammation, is as-
sociated with an increased risk of car-
diovascular death, even when control-
ling for traditional cardiovascular risk
factors and comorbidities.'® The exact
mechanism by which Ty1-mediated dis-
eases such as psoriasis and rheuma-
toid arthritis predispose a patient to car-
diovascular disease is unclear, but may
be due to the common immunological
pathways that function abnormally in
these diseases. Furthermore, it is pos-
sible that the link between psoriasis and
MI may be mediated by other factors
beyond inflammation, such as psycho-
logical stress, sedentary lifestyle, or pos-
sibly poor compliance with manage-
ment of cardiovascular risk factors.

Our findings are novel and there-
fore it is important that additional
studies be performed to confirm these
results and determine their therapeu-
tic implications. In particular, it is
important to determine the impact of
clinical markers of psoriasis activity,
such as body surface area, as well as
biomarkers of systemic inflammation
(eg, C-reactive protein) on the risk of

MI in patients with psoriasis. In the
meantime, as part of good medical
care, patients with psoriasis should be
encouraged to aggressively address
their modifiable cardiovascular risk
factors.
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