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Impact of Psoriasis on Mortality Rate and
Outcome in Myocardial Infarction
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BACKGROUND: Psoriasis is a frequent chronic inflammatory cytokine-mediated skin disease and was identified to be an inde-
pendent risk factor for the occurrence of myocardial infarction (MI). However, data about the impact of psoriasis on mortality
and other in-hospital adverse events in the setting of Ml are sparse and inconsistent.

METHODS AND RESULTS: The nationwide German inpatient sample of the years 2005 to 2016 was used for statistical analysis.
Hospitalized patients with Ml were stratified for the presence of psoriasis and the impact of psoriasis on in-hospital events
was investigated. Overall, 3 307 703 patients with Ml (37.6% females, 56.8% aged >70 years) were treated in Germany
(2005-2016); among them 9028 (0.3%) were diagnosed with psoriasis. Patients with MI with psoriasis were significantly
younger (68.0 [58.0-76.0] versus 73.0 [62.0-81.0] years; P<0.001) and showed significant lower in-hospital case-fatality rate
(71% versus 12.4%; P<0.001), confirmed in the regression (odds ratio, 0.68; 95% CI, 0.63-0.74; P<0.001) adjusted for age,
sex, and comorbidities. They more frequently revealed cardiovascular risk factors such as arterial hypertension (568.9% versus
55.0%; P<0.001), hyperlipidemia (44.4% versus 38.6%; P<0.001), smoking (14.3% versus 7.4%; P<0.001), diabetes mellitus
(34.8% versus 30.4%; P<0.001) or obesity (17.9% versus 9.3%; P<0.001). While the rate of percutaneous coronary intervention
(41.4 versus 42.0%; P=0.223) was comparable between both groups, coronary bypass surgery was more often performed in
patients with Ml with psoriasis (7.7% versus 4.7%; P<0.001).

CONCLUSIONS: Overall, only 0.3% of all MI cases were diagnosed with psoriasis, and patients with Ml with psoriasis were in
median 5 years younger than patients with MI without psoriasis. Psoriasis seems to enhance the prevalence of classical
cardiovascular risk factors and might therefore explain the earlier time point for Ml. Our data also showed in turn a lower in-
hospital mortality rate in patients with MI with psoriasis, presumably driven by younger age.
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A first association between psoriasis and vascu-

mediated by inflammatory cytokines and affects lar events was shown in 1973.* Nevertheless, the link

Psoriasis is a frequent chronic skin disease that is

around 2% to 3% of the general population.'
Meanwhile, there is a growing awareness that psoria-
sis goes “more than skin deep” and growing evidence
supporting the concept that psoriasis is a complex sys-
temic disease impacting several organ systems. Most
important are cardiovascular comorbidities leading to
life-threatening cardiovascular manifestations such as
myocardial infarction (MI).!

between psoriasis and the associated cardiovascular
comorbidity received little attention for many years;
increased risk for poor outcome was attributed to
the increased prevalence of classical cardiovascular
risk factors in patients afflicted by psoriasis. In 2006,
Gelfand et al® reported in a large population-based co-
hort study including 127 139 patients with mild psoriasis
and 3837 patients with severe psoriasis in comparison
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CLINICAL PERSPECTIVE
What Is New?

Patients with myocardial infarction with psoria-
sis were younger and had more often cardio-
vascular risk factors.

e Psoriasis and cardiovascular risk factors might
boost coronary atherosclerosis.

e Patients with myocardial infarction with psoria-
sis showed lower in-hospital mortality rate than
in those without psoriasis.

What Are the Clinical Implications?

e Patients with psoriasis must be made aware of
their increased cardiovascular risk profile.

¢ Increased efforts have to be targeted on reduc-
tion of the inflammatory burden in psoriasis.

Nonstandard Abbreviations and Acronyms

ICD-10-GM International Classification of Diseases,
Tenth Revision with German
Modification

with 556 995 control patients without psoriasis (aged
between 20 and 90 years) that patients with psoriasis
had an increased adjusted relative risk for Ml, which
was greatest in young patients, especially in patients
with severe psoriasis. The finding that psoriasis is in-
dependently associated with an increased risk of de-
veloping Ml was also confirmed in other studies.?® In
line with these results, psoriasis may increase the prev-
alence as well as the severity of coronary artery calcifi-
cation,’® most likely attributable to the chronic systemic
inflammation process.®

Despite the higher prevalence of typical cardio-
vascular risk factors in patients with psoriasis,'°
severe psoriasis was identified as an independent
risk factor for cardiovascular death, and established
as a so-called new cardiovascular risk factor.'® The
systemic nature of the interleukin-17A, interleukin-23,
interleukin-12, tumor necrosis factor-a, and myeloid
cell-driven inflammatory processes in psoriasis
seems to be critical for the development of the asso-
ciated cardiovascular disease and the independently
increased risk of Ml accompanied by a severe sys-
temic disease.'®'"'8 In a recent double-blinded ran-
domized clinical trial, psoriasis was associated with
impairment in endothelial function.”® The authors
speculated that anti—interleukin-17A treatment might
be beneficial for cardiovascular health in psoriasis
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patients.'® The group around Mehta showed that bio-
logic therapy in severe psoriasis (among others, also
interleukin-17A inhibitors such as secukinumab and
ixekizumab) resulted in a beneficial modulation of
coronary plagque morphology (evaluated by coronary
computed tomography angiography) compared with
psoriasis patients not treated with biologic therapy,
indicating the cardiovascular importance of the sys-
temic chronic ( interleukin-17A—driven) inflammation
in psoriasis.?°

Data on the impact of psoriasis on mortality and
other in-hospital adverse events in the setting of Ml
are sparse and inconsistent.'®2"22 While some studies
reported an impaired prognosis in psoriasis patients
with MI,'52 others did not.?? Thus, the objective of our
study was to compare patients with Ml with and with-
out psoriasis and to analyze the impact of psoriasis on
the in-hospital outcome of acute Ml in a large nation-
wide inpatient sample.

METHODS

Data Source
We analyzed the large German nationwide inpatient
sample for this study (source: Research Data Centre of
the Federal Statistical Office and the Statistical Offices
of the federal states, Diagnosis-Related Groups
Statistics 2005-2016, own calculations). In Germany,
diagnoses are coded according to International
Classification of Diseases, Tenth Revision with German
Modification (ICD-10-GM) and diagnostic, surgical,
and interventional procedures with diagnostic, sur-
gery, and procedures codes (OPS codes). The Federal
Statistical Office of Germany (Statistisches Bundesamt,
Wiesbaden, Germany) gathers the treatment data from
all inpatient cases in Germany (processed according to
the diagnosis-related groups system). The aggregated
data that support the findings of this study are avail-
able from the corresponding author upon reasonable
request.

Within our analysis, we included all patients with
a MI hospitalized in Germany between the years
2005 and 2016. We identified these patients by the
diagnostic codes of MI (ICD-10 codes 121 and 122).
Additionally, we stratified them for the presence of
psoriasis (/ICD-10 code L40) (Figure S1). This made it
possible to compare patients with Ml with and with-
out psoriasis regarding baseline parameters, espe-
cially cardiovascular risk factors and cardiovascular
comorbidities, usage of revascularization treatments,
age, and sex—and especially to focus on adverse
in-hospital events and in-hospital case-fatality rate.
Additionally, we analyzed trends on hospitalization
rate, in-hospital case-fatality rate, in-hospital adverse
events, and treatments.
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Study End Points and In-Hospital Adverse
Events

The primary study outcome was death of all-causes
during in-hospital stay (in-hospital death). In addition,
we analyzed the prevalence of adverse in-hospital
events such as pneumonia (ICD-10 codes J12-418),
deep venous thrombosis or thrombophlebitis of the
leg veins (DVT, ICD-10 code 180), pulmonary embolism
(ICD-10 code 126), acute kidney injury (/ICD-70 code
N17), recurrent Ml (/ICD-70 code 122), stroke (ischemic
and hemorrhagic, ICD-10 codes 161-64) intracerebral
bleeding events (ICD-10 code 161), gastro intestinal
bleeding (ICD-10 codes K920-922), and transfusion
of blood components (diagnostic, surgery, and pro-
cedures code - OPS code 8-800). Furthermore, par-
ticular attention was given to the differences regarding
sex, age, classical cardiovascular risk factors, and
atherosclerotic diseases of patients with Ml with and
without psoriasis. A further study end point was a pro-
longed length of in-hospital stay (>10 days, >14 days).

Ethical Aspects

Since this study did not involve direct access by the
investigators to data of individual patients, approval by
an ethical committee and informed consent were not
required, in accordance with the German law.

Statistical Analysis

Descriptive statistics for relevant baseline comparisons
of patients with Ml with and without psoriasis are pro-
vided as median and interquartile range or absolute
numbers and corresponding percentages. We tested
the continuous variables using the Mann-Whitney U
test and categorical variables with the Fisher’s exact or
the chi-square test, as appropriate.

Total hospitalization rate for Ml with psoriasis related
to all hospitalized patients with Ml (with and without
psoriasis) and relative mortality rate (case-fatality rate),
the usage of interventional treatments, and rate of ad-
verse in-hospital events, were calculated on an annual
basis, and linear regression was used to assess trends
over time. The results are presented as 3 and corre-
sponding 95% Cls.

Univariate and multivariate logistic regression
models were analyzed to investigate the impact
of psoriasis on in-hospital events and on in-hospi-
tal death in patients with MI. Results are presented
as odds ratios (OR) and 95% Cls. The multivari-
ate regression models were adjusted with different
adjustments:

1. Adjustment 1: age and sex.
2. Adjustment 2: age, sex, Charlson Index, and treat-
ment year.
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3. Adjustment 3: age, sex, cancer, coronary artery
disease, chronic obstructive pulmonary disease,
essential arterial hypertension, renal insufficiency
(glomerular filtration rate <60 mL/min per 1.73 m?),
diabetes mellitus, atrial fibrillation/flutter, hyperlipi-
demia, and smoking.

We selected this epidemiological approach for the
adjustment to test the widespread independence of
these predictors on the case-fatality rate during hospi-
talization. The software SPSS (version 20.0; SPSS Inc.,
Chicago, IL) was used for computerized analysis. P val-
ues of <0.05 (two-sided) were considered to be statisti-
cally significant.

RESULTS

In total, 3 307 703 hospitalizations of patients with
acute MI (37.6% females, 56.8% aged >70 years), who
were treated between 2005 and 2016 in German hos-
pitals, were included in the present analysis. Among
these patients, 410 737 patients with MI died during
their stay in the hospital (12.4% in-hospital mortality
rate). Overall, 9028 (0.3%) patients with MI had psoria-
sis (Figure S1).

Patient Characteristics of Patients With
MI With and Without Psoriasis

Characteristics of patients with Ml with and without
psoriasis are provided in Table 1: In brief, patients with
MI with additional psoriasis were younger (68.0 [58.0—
76.0] years versus 73.0 [62.0-81.0] years; P<0.001)
and more frequently of male sex (69.0% versus 62.4%,
P<0.001). All investigated cardiovascular risk factors
such as essential arterial hypertension (58.9% versus
55.0%; P<0.001), hyperlipidemia (44.4% versus 38.6%;
P<0.001), diabetes mellitus (34.8% versus 30.4%;
P<0.001), smoking (14.3% versus 7.4%; P<0.001), as
well as obesity (17.9% versus 9.3%; P<0.001) and the
comorbidities peripheral artery disease and chronic
obstructive pulmonary disease were more prevalent in
patients with MI with psoriasis than in patients with Ml
without this chronic inflammatory skin disease (Table 1).

As expected, the prevalence of additional comor-
bidities and cardiovascular risk factors increased sub-
stantially with age in both groups (Figure S1). During
the observation period, patient age >70 years as well
as the prevalence of the cardiovascular risk factors
arterial hypertension and hyperlipidemia increased in
patients with MI with psoriasis and so did the comor-
bidities atrial fibrillation, chronic obstructive pulmo-
nary disease, and renal insufficiency. In contrast, the
frequency of obesity and smoking in patients with MI
with psoriasis declined during the observation period
(Table S1 and Figure S2).
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Table 1. Baseline Characteristics, Medical History, Presentation, and Outcomes of the Included 3 307 703 Patients With MI

Stratified According the Presence of Psoriasis

Patients With M| Patients With MI
With Psoriasis Without Psoriasis
Parameters (n=9028; 0.3%) (n=3 298 675; 99.7%) P Value
Age 68.0 (58.0-76.0) 73.0 (62.0-81.0) <0.001*
Age >70y, n (%) 3791 (42.0) 1875095 (56.8) <0.001*
Female sex,’ n (%) 2795 (31.0) 1240 241 (37.6) <0.001*
In-hospital stay, d 9 (5-15) 7 (4-13) <0.001*
Traditional cardiovascular risk factors, n (%)
Obesity 1618 (17.9) 305 473 (9.3) <0.001*
Smoking 1290 (14.9) 242 814 (7.4) <0.001*
Essential arterial hypertension 5316 (568.9) 1813227 (55.0) <0.001*
Hyperlipidemia 4005 (44.4) 1273037 (38.6) <0.001*
Diabetes mellitus 3143 (34.8) 1004 183 (30.4) <0.001*
Myocardial infarction subtype, n (%)
STEMI 3047 (33.6) 1146 793 (34.7) 0.037
NSTEMI 5539 (61.4) 2003 161 (60.7) 0.223
Myocardial infarction without coded STEMI/NSTEMI subclassification 442 (5.0) 148 721 (4.6)
Comorbidities
Charlson Index 2 (1-5) 2 (1-4) <0.001*
Peripheral artery disease, n (%) 818 (9.1) 212 415 (6.4) <0.001*
Cancer, n (%) 345 (3.8) 123175 (3.7) 0.662
Atrial fibrillation/flutter, n (%) 2060 (22.8) 717177 (21.7) 0.013*
Chronic obstructive pulmonary disease, n (%) 1169 (12.9) 293 956 (8.9) <0.001*
Sleep apnea, n (%) 229 (2.5) 38945 (1.2) <0.001*
Renal insufficiency (glomerular filtration rate <60 mL/min per 1.73 m?), n (%) 1423 (15.8) 497 139 (156.1) 0.067
Interventional treatments, n (%)
Cardiac catheter 4960 (54.9) 1821679 (55.2) 0.587
Percutaneous coronary intervention 3737 (41.4) 1386 343 (42.0) 0.223
Bare metal stent 1501 (16.6) 577 806 (17.5) 0.026*
Drug eluting stent 2041 (22.6) 730 316 (22.1) 0.285
Bioresorbable vascular scaffold 27 (0.3) 8295 (0.9) 0.367
Coronary artery bypass graft 697 (7.7) 153 419 (4.7) <0.001*
Adverse events during hospitalization, n (%)
In-hospital death 640 (7.1) 410 097 (12.4) <0.001*
Recurrent myocardial infarction 72 (0.80) 21522 (0.65) 0.087
Pneumonia 1143 (12.7) 383 522 (11.6) 0.002*
Deep venous thrombosis or thrombophlebitis 86 (1.0) 22 399 (0.7) 0.002*
Pulmonary embolism 68 (0.8) 22588 (0.7) 0.431
Acute kidney injury 554 (6.1) 206 296 (6.3) 0.645
Shock 495 (5.5) 227 615 (6.9) <0.001*
Stroke (ischemic or hemorrhagic) 259 (2.9) 95105 (2.9) 0.935
Intracerebral bleeding 37 (0.4) 9373 (0.3) 0.025*
Subarachnoid bleeding 6 (0.1) 2824 (0.1) 0.717
Gastrointestinal bleeding 132 (1.5) 47 754 (1.4) 0.909
Transfusion of blood constituents 1383 (15.3) 419 208 (12.7) <0.001*
Pericardial effusion 76 (0.8) 21 262 (0.6) 0.019*

NSTEMI indicates non-ST-segment—elevation myocardial infarction; and STEMI, ST-segment-elevation myocardial infarction.

*P values of <0.05 (two-sided) were considered to be statistically significant.
finformation available for 3 307 574 patients.
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Temporal Trends on Hospitalization

Rate, Case-Fatality Rate, and In-Hospital
Events in Patients With MI With and
Without Psoriasis

Whereas the total number of patients with MI with pso-
riasis increased slightly over time from 754 patients in
2005 up to 814 patients in the year 2016 (3, 8.6; 95%
Cl, 3.4-13.8; P=0.004) (Figure 1A), in-hospital mor-
tality did not change significantly (7.6% in 2005 and
4.9% in 2016; P=0.894) during the observation period
(Table S2). The in-hospital mortality rate of patients
with Ml with psoriasis was consistently lower than that
of patients with MI without psoriasis throughout the
years (Figure 1B).

The proportion of patients with Ml with recurrent Ml
events decreased from 2.2% in the year 2005 to 0.4%
in the year 2016 (3, -1.85; 95% Cl, -2.65 to —1.05;
P<0.001) in the subgroup of patients with Ml with pso-
riasis (Figure 2A,and Table S2), whereas the proportion
of Ml events with non-ST-segment-elevation MI in-
creased in patients with Ml both with and without pso-
riasis (B, 1.05; 95% Cl, 0.90-1.19; P<0.001) (Figure 2B
and Table $1).

Psoriasis and Mortality in Myocardial Infarction

The absolute numbers of patients with Ml with
psoriasis in relation to all hospitalized patients with
Ml inclined with age. While the absolute number of
patients with Ml with psoriasis was highest in the
eighth decade of life (Figure 1C), the highest percent-
age of patients with Ml with psoriasis was found in
the sixth decade of life. The in-hospital mortality rate
increased steadily with age (Figure 1D). In line, the
rate of non—ST-segment—elevation Ml events also in-
creased with age (Figure 2D). The proportion of re-
current Ml events was highest in the seventh decade
of life (Figure 2QC).

Treatment Differences in Patients With Ml
With and Without Psoriasis
Frequency of non-ST-segment—elevation Ml did not
differ between groups (61.4% versus 60.7%; P=0.223).
Nevertheless, patients with MI with psoriasis had
longer hospital stays (9 [interquartile range, 5-15] ver-
sus 7 [4-13] days; P<0.001) (Table 1).

Patients with MI with psoriasis more often un-
derwent coronary artery bypass graft (CABG) sur-
gery (7.7% versus 4.7%; P<0.001). There was no
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Figure 1.

Temporal trends on hospitalization for Ml and mortality rate in patients with psoriasis between 2005 and 2016.

A, Temporal trends on absolute numbers of patients with Ml with psoriasis (orange bars) from 2005 to 2016 in Germany. B, Temporal
trends on the proportion of patients with MI with psoriasis related to all patients with Ml hospitalized between 2005 and 2016 (orange
bars) and the in-hospital case-fatality rate of patients with Ml with psoriasis (black solid line) and those without psoriasis (black dashed
line). C, Absolute numbers of patients with M| with psoriasis (orange bars) stratified for age-decades (cumulative 2005-2016). D,
Proportion of patients with MI with psoriasis (orange bars) related to all hospitalized patients with Ml and the in-hospital mortality rate
of patients with MI with psoriasis stratified for age-decades (cumulative 2005-2016). Ml indicates myocardial infarction
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Figure 2. Temporal trends in recurrent Ml and NSTEMI in patients with and without psoriasis.

A, Temporal trends on the rate of recurrent Ml events in patients with MI with psoriasis (orange bars) and without psoriasis (blue bars)
from 2005 to 2016 in Germany. B, Temporal trends on the rate of NSTEMI events in patients with MI with psoriasis (orange bars) and
without psoriasis (blue bars) from 2005 to 2016 in Germany. C, Proportion of recurrent Ml events in patients with Ml with psoriasis
(orange bars) stratified for age-decades (cumulative 2005-2016). D, Proportion of NSTEMI events in patients with M| with psoriasis
(orange bars) stratified for age-decades (cumulative 2005-2016). Ml indicates myocardial infarction; and NSTEMI non-ST-segment-

elevation myocardial infarction.

difference in the use of coronary angiography (54.9%
versus 55.2%; P=0.587) or percutaneous coro-
nary intervention (41.4% versus 42.0%; P=0.223)
(Table 1). Bare metal stents more often were im-
planted in patients without psoriasis (17.5% versus
16.6%; P=0.026).

We found a progressive increase in the use of in-
terventional procedures in patients with Ml with pso-
riasis (from 47.1% in 2005 to 64.7% of the patients
in 2015; B, 0.75; 95% ClI, 0.61-0.89; P<0.001). In
parallel, revascularization therapy with percutaneous
coronary intervention (36.2% in 2005 and 52.3% in
2016) as well as with CABG (7.0% in 2005 and 9.7%
in 2016) increased significantly within the observa-
tion period (Table S3 and Figure 3A). More in detalil,
the implantation rate of bare metal stents decreased
from 27.3% in 2005 to 1.8% in 2016, whereas the fre-
quency of the use of drug eluting stents increased
from 6.8% to 47.7% in the same period (Table S3 and
Figure 3B).

Notably, the highest revascularization rates were
found in patients between the fifth and eighth decade
of life in patients with Ml with psoriasis (Figure 3C
and 3D).

J Am Heart Assoc. 2020;9:e016956. DOI: 10.1161/JAHA.120.016956

Adverse In-Hospital Events of Patients With
MI Stratified for Presence of Psoriasis

While patients with Ml with psoriasis showed a signifi-
cantly lower in-hospital case-fatality rate (7.1% versus
12.4%; P<0.001) and were less often in cardiac shock
(5.5% versus 6.9%; P<0.001) than patients with Ml
without psoriasis, the frequency of recurrent Ml did not
differ between groups (0.80% versus 0.65%; P=0.087)
(Table 1). The in-hospital incidence of pneumonia
(12.7% versus 11.6%; P=0.002), deep vein throm-
bosis or thrombophlebitis (DVT, 1.0% versus 0.7%;
P=0.002) and intracranial bleeding (0.4% versus 0.3%;
P=0.025), but not pulmonary embolism (0.8% versus
0.7%; P=0.431), stroke (2.9% versus 2.9%; P=0.935)
and acute kidney injury (6.1% versus 6.3%; P=0.645),
were higher in patients with Ml with psoriasis. Since the
differences regarding prevalence of pneumonia, DVT,
and intracranial bleeding were only marginally differ-
ent between both groups, these differences might not
be clinically relevant. While the prevalence of pneumo-
nia and acute kidney injury increased over time, that
of DVT, pulmonary embolism, stroke, and bleeding
events remained unchanged (Figure S3 and Table S1).
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Figure 3. Temporal trends in interventional/operative treatment in patients with Ml with and without psoriasis between the

years 2005 and 2016.

A, Temporal trends on left heart catheter (gray bars), PCI (blue bars) and aorto-coronary bypass surgery (green bars) in patients with
MI with psoriasis from 2005 to 2016 in Germany. B, Temporal trends on implantation of drug-eluting stent (DES, solid black line), bare
metal stent (BMS, dashed black line) and bioresorbable vascular scaffold (BVS, solid gray line) in patients with M| with psoriasis from
2005 to 2016 in Germany. C, Temporal trends on left heart catheter (gray bars), PCI (blue bars) and aorto-coronary bypass surgery
(green bars) in patients with MI with psoriasis stratified for age-decades (cumulative 2005-2016). D, Temporal trends on implantation
of drug eluting stent (DES, solid black line), bare metal stent (BMS, dashed black line) and bioresorbable vascular scaffold (BVS, solid
gray line) in patients with Ml with psoriasis stratified for age-decades (cumulative 2005-2016). MI, myocardial infarction; and PCI,

percutaneous coronary intervention.

The multivariate regression models adjusted for age,
sex, and comorbidities supported the crude statistical
results (Table 2): Psoriasis in patients with Ml was an
independent predictor for pneumonia (OR, 1.14; 95% Cl,
1.07-1.21; P<0.001), DVT (OR, 1.45; 95% CI, 1.18-1.80;
P=0.001), and intracerebral bleeding (OR, 1.53; 95% Cl,
1.10-2.11; P=0.010) (Table 2). Nevertheless, it was asso-
ciated with a lower risk for in-hospital death (OR, 0.68;
95% Cl, 0.63-0.74; P<0.001) as well as development of
shock (OR, 0.80; 95% Cl, 0.73-0.88; P<0.001) (Table 2).

Lower in-hospital mortality in patients with psoriatic
Ml in comparison with patients with Ml without psori-
asis was confirmed in the subgroups of both non-ST-
segment-elevation Ml (OR, 0.75; 95% ClI, 0.67-0.83;
P<0.001) and patients with ST-segment—elevation Ml
(OR, 0.47; 95% CI, 0.41-0.55; P<0.001) (regression
models respectively adjusted with adjustment Ill).

Length of In-Hospital Stay

The length of in-hospital stay was longer in patients
with Ml with psoriasis (9 [5-15] versus 7 [4-13] days;
P<0.001) than in those patients with Ml without
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psoriasis. Patients with Ml with psoriasis had more
often to stay longer than >10 (46.2% versus 36.0%;
P<0.001) as well as >14 days (30.7% versus 22.4%;
P<0.001) in the hospital (Table 1). Psoriasis was ac-
companied by an elevated risk for a prolonged length
of in-hospital stay of >10 days (OR, 1.63; 95% ClI,
1.56-1.71; P<0.001) and >14 days (OR, 1.64; 95% ClI,
1.56-1.72; P<0.001) (Table 2).

DISCUSSION

Our present study demonstrated substantial differences
between patients with Ml with and without psoriasis. As
meanwhile accepted, severe psoriasis presents a new
cardiovascular risk factor in addition to the classical
cardiovascular risk factors.'® Cardiovascular mortality
was shown to be significantly higher in patients with se-
vere psoriasis compared with patients without psoria-
sis, and highest in young individuals.'® Prevalence of Ml
was described to be higher in mild and severe psoriasis
than in patients without psoriasis.?®
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Table 2.

Multivariate Logistic Regression Model)

Psoriasis and Mortality in Myocardial Infarction

Impact of Psoriasis on the Different Adverse In-Hospital Events in Patients Hospitalized for Ml (Univariate and

Univariate Regression Multivariate Regression Multivariate Regression Multivariate Regression
Model Model (Adjustment I)* Model (Adjustment II)t Model (Adjustment II1)*
OR (95% ClI) P Value OR (95% Cl) | P Value OR (95% ClI) PValue | OR(95% Cl) | P Value
In-hospital death 0.54 (0.50-0.58) | <0.001% | 0.65 (0.60-0.71) | <0.001% | 0.59 (0.55-0.64) | <0.001% | 0.68 (0.63-0.74) | <0.0018
Recurrent myocardial infarction 1.22 (0.97-1.54) 0.088 | 1.23(0.98-1.55) | 0.081 118 (0.93-1.49) 0.165 | 1.18 (0.93-1.48) 0172
Pneumonia 110 (1.04-1.17) 0.002% | 1.26 (1.19-1.35) | <0.001% | 1.12(1.05-1.20) | <0.001% | 1.14 (1.07-1.21) | <0.001%
Deep venous thrombosis or 1.41 (1.14-1.74) 0.002% | 1.25(0.99-1.58) | 0.061 1.41 (1.14-1.74) 0.001% | 1.45(1.18-1.80) | 0.001%
thrombophlebitis
Pulmonary embolism 110 (0.87-1.40) | 0.431 | 1.52(1.23-1.87) | <0.001% | 116 (0.92-1.46) | 0.221 | 1.23(0.97-1.56) | 0.093
Acute kidney injury 0.98 (0.90-1.07) 0.645 112 (1.08-1.22) | 0.008% | 0.88(0.80-0.97) | 0.008% | 1.02(0.94-1.12) | 0.599
Shock 0.78 (0.72-0.86) | <0.001% | 0.79 (0.73-0.87) | <0.001% | 0.73 (0.66-0.80) | <0.001% 0.80 <0.001%
(0.73-0.88)
Stroke (ischemic or 1.00 (0.88-1.13) 0.935 112(0.99-1.27) | 0.077 | 0.94(0.82-1.06) | 0.936 | 1.11(0.98-1.26) | 0.098
hemorrhagic)
Intracerebral bleeding 1.44 (1.05-2.00) | 0.026% | 1.46(1.06-2.02) | 0.0218 | 1.27 (0.91-1.75) 0.156 1.53 (1.10-2.11) | 0.0108
Gastrointestinal bleeding 1.01 (0.85-1.20) 0.909 1.16 (0.98-1.38) | 0.089 1.05(0.88-1.24) | 0.605 | 1.11(0.94-1.32) | 0.233
Transfusion of blood constituents 1.24 (117-1.32) <0.0018 | 1.35(1.27-1.43) | <0.001% | 1.20(1.183-1.28) | <0.001% | 1.24 (1.17-1.32) | <0.0018
Prolonged in-hospital stay >10d | 1.53 (1.47-1.59) | <0.001% | 1.78 (1.70-1.85) | <0.0018 | 1.64 (1.57-1.71) | <0.0018 | 1.63 (1.56-1.71) | <0.001%
Prolonged in-hospital stay >14 d | 1.54 (1.47-1.61) | <0.001% | 1.79 (1.71-1.88) | <0.001% | 1.63 (1.56-1.71) | <0.001% | 1.64 (1.56-1.72) | <0.001%

OR indicates odds ratio.
*Adjustment I: age and sex.
TAdjustment II: age, sex, Charlson Index, and treatment year.

*Adjustment Ill: age, sex, cancer, coronary artery disease, chronic obstructive pulmonary disease, essential arterial hypertension, renal insufficiency
(glomerular filtration rate <60 mL/min per 1.73 m?), diabetes mellitus, atrial fibrillation/flutter, hyperlipidemia, and smoking.

5P values of <0.05 were considered to be statistically significant.

Little is known about the prognosis of acute Ml in
patients with psoriasis,although this knowledge would
be relevant for future secondary prevention strategies
in this patient collective and might be also important
for adequate management of public health as well as
healthcare service planning.

In accordance with previous studies,''® our data
demonstrate that psoriasis is associated with in-
creased prevalence of the cardiovascular risk factors
arterial hypertension, hyperlipidemia, diabetes melli-
tus, smoking, and obesity. Nevertheless, studies have
shown that patients with severe psoriasis have an in-
creased risk of cardiovascular mortality that is inde-
pendent of traditional cardiovascular risk factors.'6:23:24
In particular, the typical proinflammatory cytokines like
interleukin-17A and tumor necrosis factor-a have been
shown to also contribute to the development of meta-
bolic syndrome, obesity, and type 2 diabetes mellitus
as well as depression.?+2°

In line with this evidence, patients with Ml with pso-
riasis in our database were significantly younger than
patients with MI without psoriasis (68 versus 73 years).
It has been previously described that the risk of Ml
associated with psoriasis is greatest in young pa-
tients with severe psoriasis,® possibly because of the
systemic tumor necrosis factor-q, interleukin-17 and
interleukin-23 (interleukin-12), and myeloid cell-driven
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inflammatory burden,?6?° which adds to the general
vascular inflammation associated with the classical
cardiovascular risk factors. It has to be hypothesized
that psoriasis with its specific concomitant vascular
inflammation on top of the general vascular inflamma-
tion, which is triggered by classical cardiovascular risk
factors, acts like a multiplier regarding the atheroscle-
rotic process and the development of stenotic coro-
nary artery disease and Ml earlier in life.

Despite the medical progress, in-hospital mor-
tality of patients with Ml in Germany remained high
with 12.4% of the hospitalizations from 2005 to 2016,
which is higher than the reported 30-day mortality
rate in the United States (10.5% in 1999 and 7.8% in
2008).%Y Interestingly and in contrast to other pub-
lished studies,'®16:21:3" there was a substantially lower
in-hospital mortality rate in patients with Ml with pso-
riasis than in those without (7.1% versus 12.4%). This
was confirmed in the multivariate regression model
adjusted for age, sex, and comorbidities. Of note, we
cannot exclude that this finding might be attributable
to undercoding/underreporting of comorbidities (in-
cluding psoriasis) in severe Ml cases, for instance,
those who died before or immediately after admis-
sion, leading to a bias toward better in-hospital sur-
vival of patients with Ml with psoriasis in comparison
with those without.
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Nonetheless, patients with MI with psoriasis were in
median 5 years younger, and, as shown in Figure 1D,
in-hospital mortality rate increased substantially with
age. The presentation in patients with Ml with psoriasis
at a younger age might be explained by the more fre-
quently revealed cardiovascular risk factors such as ar-
terial hypertension, hyperlipidemia, smoking, diabetes
mellitus, or obesity. On the other hand, a younger age
might be an important cause and an explanation for the
lower in-hospital mortality rate of patients with Ml with
psoriasis in comparison with the older patients with-
out psoriasis. In this context, we have to keep in mind
that, although we adjusted the multivariate regression
model for age, sex, and several important comor-
bidities, we cannot be totally aware of every age-de-
pendent change in risk factors and comorbidities,
especially in those risk factors and comorbidities that
are not included in the multivariate regression model.
Thus, age-dependent differences of these risk factors
and comorbidities might impact the mortality rate.

It has to be mentioned that within the observational
period of our study, new biologic therapies for psoria-
sis targeting the cytokine network (eg, interleukin-17A,
interleukin-17R, interleukin-23/12, and interleukin-23
antibodies and anti—-tumor necrosis factor-a) were in-
troduced into clinical practice and therefore could also
contribute to a decreased mortality and recurrent Ml
rates by dampening the general systemic inflamma-
tion in psoriasis.'®?4%233 These new and causal and
extremely efficient treatment strategies seem to have
an important impact on the development and the out-
come of coronary artery disease and its critical man-
ifestation MI. Studies have shown that new biologic
therapies attacking systemic inflammation indeed also
provide beneficial effects on the vascular system of
psoriasis mice and patients,'®%* and the reduction in
inflammatory burden might be beneficial for Ml devel-
opment and outcome.3%3%

In addition, we identified interesting differences re-
garding the reperfusion treatments between patients
with MI with and without psoriasis. While reperfusion
treatment with percutaneous coronary intervention did
not differ between MI with and without psoriasis, pa-
tients with MI with psoriasis were treated more often
with CABG surgery. This may indicate more complex
coronary lesions with higher SYNTAX Score in patients
with psoriasis, which prompted the treating physicians
to opt for CABG according to coronary revasculariza-
tion guidelines.3”-%° This finding can easily be set in the
context of the chronic persisting systemic inflammation
in psoriasis impacting the coronary arteries.*%*! The
use of drug-eluting stent implantations in patients with
MI with psoriasis substantially increased throughout
the observational period from 6.8% in 2005 to 47.7%
in 2016, which was accompanied by a decrease of re-
current Ml events. Consequently, the outcome benefit
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received by the usage of modern drug-eluting stents,
as recommended in the current guidelines,*>*3 seems
to be of substantial impact on the outcome in patients
with Ml and especially of patients with Ml with psoriasis
presumably because of their anti-inflammatory effect
on coronary lesions.3®44 However, the proportion of
patients with Ml treated with CABG, bare metal stents,
and drug-eluting stents in Germany was comparable
with published numbers of the United States (revascu-
larizations within 30 days after Ml: 40.7% in 1999 and
47.2% in 2008),°>4% and higher than in England, where
only every fifth patient with Ml received a percutane-
ous transluminal coronary angioplasty and only 0.8%
a CABG.#5:46

Psoriasis was an independent predictor for pneu-
monia possibly because of the chronic inflammation
itself or the concomitant use of anti-inflammatory ther-
apies, especially with immunosuppressants or biolog-
icals. Additionally, in line with previous literature,*4®
psoriasis was associated with increased in-hospital
occurrence of DVT and intracerebral bleeding in pa-
tients with MI, and the rate of atrial fibrillation/flutter was
higher in patients with Ml with psoriasis than without.

In sum, our data show that MI events may occur
earlier in life in patients with psoriasis and that they are
associated with higher in-hospital complication (but
not mortality) rates. Patients with psoriasis must be
made aware of their increased cardiovascular risk and
further attention has to be undertaken to reduce the
inflammatory burden in psoriasis for better cardiovas-
cular risk management.

Limitations

Some limitations require consideration: First, the study
results are based on /CD-10 and diagnostic, surgery,
and procedures discharge codes (OPS codes) of hos-
pitalized patients, which might lead to an underreport-
ing/undercoding, particularly in more severe M| cases
with early mortality. Second, data from later follow-up
were not available. Third, in only 0.3% of Ml cases the
skin disease psoriasis was coded additionally, which
lies under the known incidence for psoriasis in Europe
(2%—-3%). Nevertheless, other studies reported even
smaller prevalence.?’ Besides, no exact classification
of disease severity is given.

CONCLUSIONS AND CLINICAL
IMPACT

Overall, only 0.3% of all Ml cases were coded additionally
with the skin disease psoriasis. Ml events in patients with
psoriasis occurred in median 5 years earlier in life than in
those patients with Ml without psoriasis. Psoriasis was
associated with increased prevalence of classical car-
diovascular risk factors, and both might boost coronary
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atherosclerosis. Our data show a substantially lower in-
hospital mortality rate in patients with Ml with psoriasis
than in those without, which might be mainly driven by
the younger age of patients with Ml with psoriasis.
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Table S1. Annual time trends regarding patient characteristics of Ml patients with

psoriasis 2005-2016 in Germany.

2005 2016 B-estimate (95% CI) P-value
Age 270 years 37.8% 39.1% 0.15 (0.01 to 0.30) 0.037
Traditional cardiovascular risk factors
Obesity 24.5% 15.1% -0.59 (-0.78 to -0.41) <0.001
Smoking 18.6% 13.5% -0.08 (-0.08 to -0.08) <0.001
Essential arterial hypertension 59.8% 60.9% 0.08 (-0.06 to 0.23) 0.273
Hyperlipidemia 40.2% 47.3% 0.21 (0.06 to 0.35) 0.005
Diabetes mellitus 37.3% 33.5% -0.01 (-0.16 to 0.14) 0.898
Myocardial infarction subtype
NSTEMI 41.6% 68.1% 1.05 (0.90to 1.19) <0.001
Comorbidities
Peripheral artery disease
Cancer 4.8% 2.9% -0.28 (-0.65 to 0.10) 0.146
Atrial fibrillation/flutter 17.6% 24.8% 0.53 (0.36 to 0.70) <0.001
Chronic obstructive pulmonary disease 10.9% 11.9% 0.32 (0.11 to 0.53) 0.003
Renal insufficiency (GFR <60 ml/min/1.73 m?) 5.0% 17.9% 1.15(0.95t0 1.34) <0.001
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Table S2. Annual time trends regarding in-hospital events of Ml patients with

psoriasis 2005-2016 in Germany.

2005 2016 B-estimate (95% CI) P-value
In-hospital death 7.7% 4.9% -0.02 (-0.30 to 0.26) 0.894
Pneumonia 8.9% 14.3% 0.59 (0.37 to 0.80) <0.001
Deep venous thrombosis or thrombophlebitis 0.9% 1.5% 0.65 (-0.09 to 1.38) 0.083
Pulmonary embolism 0.9% 0.5% -0.48 (-1.31t0 0.35) 0.256
Recurrent myocardial infarction 2.3% 0.4% -1.85 (-2.65 to -1.05) <0.001
Stroke 2.0% 3.4% 0.31 (-0.12 t0 0.73) 0.159
Acute kidney injury 3.1% 9.2% 1.32 (1.03t0 1.62) <0.001
Intracerebral bleeding 0.5% 0.6% 0.28 (-0.83 to 1.40) 0.618
Gastro-intestinal bleeding 2.7% 1.0% -0.44 (-1.03 t0 0.16) 0.148
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Table S3. Annual time trends regarding interventional treatments of Ml patients

with psoriasis 2005-2016 in Germany (the percentages were always related to all

MI patients with psoriasis.

2005 2016 B-estimate (95% CI) P-value
Cardiac catheter 47.1% 64.7% 0.75 (0.61 to 0.89) <0.001
Percutaneous coronary intervention 36.2% 52.3% 0.72 (0.57 to 0.86) <0.001
Bare metal stent 27.3% 1.8% -2.22 (-2.40 to -2.03) <0.001
Drug eluting Stent 6.8% 47.7% 2.68 (2.52t0 2.84) <0.001
Bioresorbable vascular scaffold 0.0% 0.7% 3.93 (2.63t0 5.23) <0.001
Coronary-artery bypass graft 7.0% 9.7% 0.40 (0.13 to 0.66) 0.004

For example: While cardiac catheter was performed in 64.7% of the MI patients with

psoriasis, drug eluting stent implantation was done in 47.7% of the MI patients with

psoriasis.)
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Figure S1. Flowchart.

3,307,703 hospitalizations of
patients with acute Ml

MI patients with psoriasis
(n=19,028; 0.3%)

Discharged alive Deceased
(8,388; 92.9%) (640; 7.1%)

MI patients without psoriasis
(n=3,298,675; 99.7%)

Discharged alive Deceased
(2,888,578; 87.6%) (410,097; 12.4%)




Figure S2. Temporal trend on cardiovascular risk factors and comorbidities in

MI patients with psoriasis.
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Figure S3. Temporal trends on in-hospital adverse events.
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A: Temporal trends on pneumonia (green bars), acute kidney injury (blue bars) and

stroke (red bars) in Ml patients with psoriasis from 2005 to 2016 in Germany.

B: Temporal trends on intracerebral bleeding (mid-red bars), gastro-intestinal bleeding
(light-red bars) and subarachnoid bleeding (dark-red bars) in Ml patients with psoriasis

from 2005 to 2016 in Germany.

C: Temporal trends on pneumonia (green bars), acute kidney injury (blue bars) and
stroke (red bars) in Ml patients with psoriasis stratified for age-decades (cumulative

2005-2016).

D: Temporal trends on intracerebral bleeding (mid-red bars), gastro-intestinal bleeding
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stratified for age-decades (cumulative 2005-2016).



