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Abstract

Psoriasis is a chronic immune-mediated disease affecting the skin, nails, and/or joints. It is associated with
systemic inflammation and may also be linked to an increased risk of atherosclerotic cardiovascular disease
(ASCVD). The objectives of this study were to determine the overall risk of ASCVD in patients with psoriasis
and to evaluate the risk according to ASCVD type and the severity of psoriasis. This was a systematic review
and meta-analysis of observational studies reporting the association between psoriasis and one or more of
the clinical types of ASCVD. We searched Medical Literature Analysis and Retrieval System Online
(MEDLINE) via PubMed, Excerpta Medica Database (EMBASE), Scopus, Bielefeld Academic Search Engine
(BASE), and Google Scholar for relevant studies in the English language from the beginning of their records
to July 2023. Study selection and data extraction were conducted by four independent reviewers.

A total of 21 observational studies (three cross-sectional, one case-control, and 17 cohort) were included in
this review, representing a total of 778,049 patients with psoriasis and 16,881,765 control subjects without
psoriasis. The included studies had varying degrees of covariate adjustment, and thus, their findings may
have been subject to residual confounding. All the meta-analyses used the adjusted effect sizes and were
based on the random-effects model. However, the cohort studies were analysed separately from the non-
cohort studies (the case-control and cross-sectional studies). There was a significant association between
psoriasis and ASCVD (cohort studies: hazard ratio (HR), 1.21; 95% confidence interval (CI), 1.14 to 1.28; 12 =
63%; p < 0.001; non-cohort studies: odds ratio (OR), 1.60; 95% CI, 1.34 to 1.92; 2= 31%; p = 0.23). Psoriasis
was also significantly associated with myocardial infarction (cohort studies: HR, 1.20; 95% CI, 1.10 to 1.31;
12 = 60%; p < 0.001; non-cohort studies: OR, 1.57; 95% CI, 1.15 to 2.15; I2=74%; p = 0.05), coronary artery
disease (cohort studies: HR, 1.20; 95% CI, 1.13 to 1.28; 2= 67%; p < 0.001; non-cohort studies: OR, 1.60;
95% CI, 1.34 to 1.92; 12= 31%; p = 0.23), aortic aneurysm (HR, 1.45; 95% CI, 1.04 to 2.02; E= 67%; p =0.08)
but not with ischaemic stroke (HR, 1.14; 95% CI, 0.96 to 1.36; 2= 44%; p = 0.17). Pooled analysis in terms of
the severity of psoriasis showed that both mild (cohort studies: HR, 1.17; 95% CI, 1.08 to 1.26; 12=74% ;p<
0.001; non-cohort studies: OR, 1.54; 95% CI, 1.25 to 1.90; 2= 0%; p = 0.50) and severe (cohort studies: HR,
1.43; 95% CI, 1.23 to 1.65; 12 = 65%; p < 0.001; non-cohort studies: OR, 1.65; 95% CI, 1.29 to 2.12; I> = 25%;
p = 0.26) psoriasis were significantly associated with ASCVD.

Psoriasis (including mild and severe disease) is associated with an increased risk of ASCVD, including
coronary artery disease (CAD) and aortic aneurysm (AA). ASCVD risk assessment and prevention should be
prioritised in all adult psoriasis patients. Future observational studies investigating the association between
psoriasis and ASCVD should conduct a more comprehensive adjustment of covariates.

Categories: Internal Medicine, Cardiology, Dermatology
Keywords: systematic review, psoriasis, observational studies, meta-analysis, cross-sectional studies, cohort studies,
case-control studies, cardiovascular disease, atherosclerotic cardiovascular disease

Introduction And Background

Psoriasis is a chronic immune-mediated inflammatory disorder of the skin, nails, and/or joints. This
inflammatory condition has a global prevalence of 2-3% [1] and an estimated 60 million individuals are
affected worldwide [2]. There is a significant geographical variation in the prevalence of psoriasis, with rates
as high as 8-11% in the Scandinavian region [3,4] and as low as less than 1% in some Asian populations [5,6].
Generally, the incidence of psoriasis increases as one moves away from the equator [5]. Psoriasis is more
common in adults, but children are also affected [5]. Males and females are equally affected [7-10], though
multiple studies have reported a preponderance of males affected in East Asian populations [6,11-14].

Cardiovascular disease (CVD) is a group of disorders that affect the heart and/or the blood vessels. It
accounts for more than four million deaths in Europe yearly [15] and about a third of all mortality worldwide
[16]. Atherosclerotic cardiovascular disease (ASCVD) is the main subdivision of CVD and includes all CVDs
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related to atherosclerosis [15]. ASCVD is broadly classified into coronary artery disease (CAD) and peripheral
artery disease (PAD) [15]. PAD is a kind of atherosclerotic disease that affects non-coronary sites such as the

carotid arteries, vertebral arteries, retinal arteries, upper extremity arteries, aorta, renal arteries, mesenteric
arteries, and lower extremity arteries [15].

Psoriasis may have a complex relationship with ASCVD. Atherosclerosis and psoriasis share the same T-
helper 1 (Th1) and Th17 cell-mediated immune mechanisms, and their respective plaques have been shown
to contain similar inflammatory cell infiltrates, cytokines, chemokines, adhesion molecules, and
angiogenic/growth factors [17,18]. Psoriasis is associated with elevated inflammatory markers such as C-
reactive protein [19,20], proving that chronic inflammation in this disorder is systemic and not just limited
to the skin. Chronic immune-mediated inflammatory diseases may accelerate atherosclerosis through
systemic inflammation, endothelial dysfunction, and the effects of anti-inflammatory medications used to
treat them [21]. Furthermore, people with psoriasis have an increased prevalence of ASCVD risk factors,
including hypertension, diabetes mellitus, dyslipidaemia, obesity, metabolic syndrome, smoking, excess
alcohol consumption, and subclinical atherosclerosis [18,22-28]. However, the true nature of the
relationship between psoriasis and ASCVD remains unresolved. The association between psoriasis and CVD
has been evaluated in multiple observational studies. Although many of these studies [29-45] found
significant associations, a good number of them [46-55] reported either conflicting or no associations.

A literature search showed that relatively recent systematic reviews and meta-analyses of observational
studies [56-61] have evaluated the association between psoriasis and CVD. We decided to perform a new
systematic review and meta-analysis of observational studies, limiting our study to the association between
psoriasis and ASCVD. We also determined the association between psoriasis and individual ASCVD types,
and the ASCVD association according to the severity of psoriasis. We intended our results to provide insight
into the relevance of ASCVD preventive strategies (including lipid-lowering pharmacotherapy) in psoriasis
patients.

Review
Materials and methods

The exposure of interest in our review was psoriasis. Based on exposure status, two groups of individuals
were involved in our study: individuals with psoriasis (exposed group) and individuals without psoriasis
(unexposed or control group). The outcomes of interest were the different types of clinical ASCVD (CAD and
PAD). We strictly adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [62].

Search Strategy

We conducted a thorough systematic literature search for relevant observational studies in five electronic
databases, namely Medical Literature Analysis and Retrieval System Online (MEDLINE) through PubMed,
Excerpta Medica Database (EMBASE), Scopus, Bielefeld Academic Search Engine (BASE), and Google
Scholar. Their records were searched from the beginning until July 2023. The medical keywords/synonyms or
medical subject headings (MeSH) terms allowed for search-building were slightly different from one
database to another (see Appendix 1). Except for in BASE and Google Scholar, filters were added during the
searches to limit the results as much as possible to human-only observational studies published in the
English language. The reference lists of identified publications were manually searched to check for
additional eligible publications.

Inclusion Criteria

To be included in our review, studies had to meet all of the following inclusion criteria: publication in the
English language on or before July 2023; observational study design (cross-sectional, case-control, cohort,
nested case-control, or nested case-cohort) of high-quality (score > 6) as assessed with the modified
Newcastle-Ottawa tool for observational studies [63]; evaluation of one or more of the clinical types of
ASCVD (CAD and/or PAD) in conjunction with psoriasis; and comparison of psoriasis patients with control
groups in their analyses.

Exclusion Criteria

Observational studies meeting one or more of the following criteria were excluded from this review: exposed
groups consisting only of patients with psoriatic arthritis, or patients with a particular psoriasis variant (for
instance, plaque, scalp, nail, guttate, inverse, pustular, generalised pustular, palmoplantar, or erythrodermic
psoriasis), or patients with a particular severity of psoriasis (mild, moderate, or severe); the inclusion of
participants less than 18 years old (or where it was not clear that this age group was excluded from the
study); the inclusion of participants from only one gender; the inclusion of animal participants; full-text
unavailability; the absence of baseline data; the absence of an effect measure; and the absence of adjustment
in the computed effect sizes.

Definition of Exposure and Outcomes

All exposure status (psoriasis) and ASCVD outcomes in this review were ascertained from reliable/reputable
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sources (medical databases, health insurance databases, national registries, and hospital records) mainly
based on diagnostic codes such as the International Classification of Diseases (ICD), Oxford Medical
Information System (OXMIS), and Read codes.

Classification of psoriasis into mild and severe disease was based mainly on the treatment modality, the
body surface area (BSA) affected, or the Psoriasis Area and Severity Index (PASI) at skin examination.
Patients with mild psoriasis required only topical medications for treatment or had < 2% BSA involvement or
a PASI score < 10. Patients with severe psoriasis had any one of the following characteristics: a history of
hospitalisation for psoriasis, the use of systemic anti-psoriasis therapy (including phototherapy), the
presence of psoriatic arthritis, > 10% BSA involvement, or a PASI score > 10. Some patients identified as
having ‘'moderate’ psoriasis due to 3-10% BSA involvement [64] were combined with the severe psoriasis
group.

Clinical ASCVD outcomes included in our study were PAD (ischaemic stroke and aortic aneurysm) and CAD
(including angina, myocardial infarction, and coronary revascularisation). Some studies used terms such as
coronary heart disease (CHD) and ischaemic heart disease (IHD), which are synonyms for CAD.

Data Extraction and Study Quality Assessment

We assessed eligible studies for quality (risk of bias) using the modified Newcastle-Ottawa tool for
observational studies [63]. Based on this tool, study quality was graded as high (if score > 6) or low (if score <
6). Only high-quality studies were included in this review.

The following information was extracted from each included study: author name, year of publication,
country of the study population, study design, the total number of study participants, the mean age of
participants, gender distribution, mean follow-up time, number of psoriasis patients, number of control
subjects, number of ASCVD outcomes in psoriasis and control groups, effect measure, adjusted effect size
(including 95% confidence interval (CI)), and adjustment variables.

The processes of literature search, study selection, data extraction, and study quality assessment were done
independently by four reviewers (PCO, CEA, ISO, and FKA), and all differences were resolved by consensus.

Statistical Analysis

Data was analysed using Comprehensive Meta-Analysis 3.0 (Biostat, Inc., Englewood, New Jersey, United
States) and MetaXL (Microsoft Corporation, Redmond, Washington, United States). Effect measures were the
hazard ratio (HR) and rate ratio (RR) for the cohort studies, and the odds ratio (OR) for the case-control and
cross-sectional studies. RR was directly converted to HR in analyses because, in practical terms, both are
similar [65]. Therefore, we analysed the cohort studies separately from the non-cohort studies, presenting
pooled estimates as HR or OR, respectively.

The random-effects model was applied in all the meta-analyses. Heterogeneity among the included studies
was assessed using the Q-statistic and 12 index, and the corresponding p-value. Heterogeneity was reported
as low (I2 =0% - 25%), moderate (IZ =26% - 50%), or high (IZ >50%). Sensitivity analysis was conducted
when heterogeneity was high (12 > 50%) to check the individual contributions of the studies included in the
meta-analysis to the observed high heterogeneity. The results of the meta-analyses were presented using
forest plots. The likelihood of publication bias was assessed visually using funnel plots and statistically

using Egger’s regression test. All statistical tests were two-sided, with p < 0.05 considered statistically
significant.

Ethical Considerations

This research was deemed as low risk and as such was reviewed by the Low-Risk Ethical Procedure
Committee at the Faculty of Life Sciences and Education, University of South Wales, United Kingdom, and
granted approval.

Results

Literature Search

From our search of five electronic databases (MEDLINE through PubMed, EMBASE, Scopus, BASE, and
Google Scholar), we found 28,634 abstracts. The Rayyan software (Rayyan Systems, Inc., Cambridge,
Massachusetts, United States) [66] was used to remove 7,755 duplicates from these search results. We
proceeded to screen the remainder (20,879 abstracts) by reading them or their titles. This led to the
exclusion of 20,809 abstracts due to their type/study design, date of publication, language, involvement of
animals, or a lack of relationship with the aims/objectives of this systematic review. Next, the remaining 70
abstracts were taken for further review by retrieving their full texts. While reading the full text of each of
these articles, we applied our inclusion and exclusion criteria to determine eligibility for inclusion in our
study. Consequently, 21 observational studies (778,049 patients with psoriasis and 16,881,765 control
subjects) were included in this systematic review and meta-analysis. Figure / shows the PRISMA flow
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diagram for this study.
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FIGURE 1: PRISMA flow diagram

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Characteristics of the Included Studies

Of the 21 studies, three were cross-sectional studies, one was a case-control study, and the remaining 17
were cohort studies. Of the 17 cohort studies, one was a case-cohort study, seven were prospective cohort
studies, and nine were retrospective cohort studies. In terms of the sampled population, five of the included
studies were from North America (Canada and the United States), six were from East Asia (China, South
Korea, and Taiwan), and the remaining 10 were from Europe (Denmark, the Netherlands, and the United
Kingdom). Except for the case-control study [38] and one of the cross-sectional studies [67], all included
studies were population-based.

The mean age of study participants at baseline ranged from 41 years [68] to 69 years [53]. Except for two
[67,69], all studies from East Asia had greater proportions (up to 67%) of their study subjects as males, in
keeping with the male predominance reported by multiple studies in this region [6,11-14]. By contrast, the
participants in the European and American studies showed a roughly equal gender composition or a slight
female predominance. The mean follow-up time for study participants in most of the cohort studies ranged
from 3.3 years [70] to 13.8 years [71].
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Fifteen of the studies (comprising three cross-sectional, one case-control, and 11 cohort) had baseline data
that classified psoriasis groups into mild and severe subgroups based on the severity of the disease. Thirteen
of these studies were population-based, and the proportion of psoriasis patients with severe disease ranged
from 3% [29,43] to 27% [72,73]. The characteristics of the included studies are shown in Table 1.
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(0-32-

3-36)

(.11

—1.41)

(1.26-

1.49)

1.84
(1.19-
2.83)

0.21 0.70

(003 (0.41-

150)  1.19)

129

(1.01-

1.64)
1.23
(1.19-
1.27)
1.05
(0.95-
1.47)

161 1-51

(098~  (1-02—

2:63)  2:43)

152

(1.21-

1.92)

177

(1.35-

2.32)

Age, ethnicity, gen
BMI, history of DM
cerebrovascular
disease, PVD,
hypertension, smol
status, previous MI
hypercholesterola
previous CABG, ar

family history of C#

Age, gender, curre
smoking, BMI, TC,
HDL-C, SBP,
antihypertensive

medication, and DI

Age, age squared,
BP, cholesterol, B)
smoking, alcohol,
serum creatinine
levels, glucocorticc
antihypertensive
medications, and

statins.

Baseline Deyo-
Charlson Comorbic
Index score, index
year, and insuranc

plan type.

Hypertension, DM,
cholesterol, age,
gender, and

healthcare utilisatic

Monthly income,
geographical regio
and level of

urbanisation of the

patient's communit

Age, sex, smoking
status, alcohol

consumption, exen
BMI, dyslipidaemia

hypertension, and

Age, calendar year
concomitant
medication,
comorbidity (CHF,
COPD, cardiac
dysrhythmia, renal
disease, cancer,
theumatological
disease),
socioeconomic dat

and gender.

Cardiovascular
conditions,
comorbidities
(hypertension,

hyperlipidaemia, D
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173 215 1.80
Chiu et al. Retrospective 9,338
Taiwan 171,505 428 57.2 65 24,963 34301 137204 36 15 51 94 HR (112 (103~ (1.25-
(2016) 73 cohort study (27.2)
265 451)  261)
120 167 1.27
Khalid et al. Retrospective 11,566
Denmark 5,475,533 410 49.3 17 59,423 70989 5404544 240 50 290 23,696 IRR (103 (121-  (1.11-
(2016) [68 cohort study (16.3)
139)  232)  146)

TABLE 1: Characteristics of the included studies

@ mean follow-up for incident cardiovascular events (coronary heart disease, cerebral infarction, or heart failure); ® psoriasis severity subgroups do not add

up to the overall number because disease severity was not determined in all patients; ¢ moderate psoriasis; 9 severe psoriasis; € other control groups
were included in the computation

AF, atrial fibrillation; AV, aortic valve; BMI, body mass index; BP, blood pressure; CABG, coronary artery bypass graft; CAD, coronary artery disease; CHF,
congestive heart failure; Cl, confidence interval; CKD, chronic kidney disease; Co, controls; COPD, chronic obstructive pulmonary disease; CVD,
cardiovascular disease; DM, diabetes mellitus; HDL-C, high-density lipoprotein-cholesterol; HR, hazard ratio; IRR, incidence rate ratio; M, myocardial
infarction; N/A, not applicable; NR, not recorded; OR, odds ratio; PsO, psoriasis; PVD, peripheral vascular disease; RA, rheumatoid arthritis; RR, rate
ratio; SBP, systolic blood pressure; SLE, systemic lupus erythematosus; TC, total cholesterol

Quality Assessment

We performed a quality assessment of the 21 included studies using the modified Newcastle-Ottawa tool for
observational studies [63]. This tool has separate scales for the three types of observational studies (cross-
sectional, case-control, and cohort studies). All 21 studies had quality scores of at least seven, and were,
thus, deemed high quality.

All three cross-sectional studies had a quality score of nine out of a maximum score of 10, with a mean score
of nine (standard deviation * 0). The quality score for the case-control study was eight out of a maximum
score of nine. Out of a maximum score of nine, the 17 cohort studies had quality scores ranging from seven
to nine, with a mean score of eight (standard deviation * 0.35). Tables 2-4 summarise the quality assessment
of the 21 studies.
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Assessment Quality
Representativeness Sample Non- Ascertainment The subjects in different outcome groups are Statistical
of the score
Study of the sample size pond of e parable, based on the study design or test
outcome (maximum
reference (maximum score = { { y Conf ding factors are controlled (maximum
(maximum score =
1) score=1) score=1) score = 2) (maximum score = 2) score = 1)
score = 2) 10)
Xiao et
al., 2009 + - + ++ ++ ++ + 9
[67]
Yang et
al., 2011 + - + ++ ++ ++ + 9
[35]
Yeung et
al., 2013 + + - ++ ++ ++ + 9
[64]
TABLE 2: Quality assessment of the included cross-sectional studies
(-) no mark; (+) one mark; (++) two marks.
Is the case Non-
p of  Definitionof  Ci of cases and Ascertainment  Same method of Quality
definition response
Study of the cases controls controls controls on the basis of the of exposure ascertainment for cases score
adequate? rate
reference score = design or analysis (maximum (maximum and controls (maximum (maximum
(maximum score (maximum
1) score = 1) score = 1) score = 2) score = 1) score = 1) score = 9)
=1) score = 1)
Armstrong
etal., + + + + ++ + + - 8
2012 [38]
TABLE 3: Quality assessment of the included case-control study
(-) no mark; (+) one mark; (++) two marks.
Adequacy of
Representativeness  Selection of the Ascertainment  Demonstration that outcome of ~ Comparability of cohorts Assessment  Was follow-up long Quality
follow-up of
Study of the exposed non-exposed of exposure interest was not present at the on the basis of the design  of outcome enough for outcomes. score
cohorts
reference  cohort cohort start of the study (maximum or analysis to occur? (maximum
(maximum score
score = 1) score = 1) score =1) score = 1) score = 2) score = 1) score = 1) score =9)
=1)
Gelfand et
al. (2006) + + + + ++ + + - 8
[29]
Wakkee et
al. (2010) . + + + ++ + + - 8
501
Ahlehoff et
al. (2011) + + + + ++ + + - 8
[36]
Linetal.
+ + + + ++ + + - 8
(2011) [69
Chiang et
al. (2012) + + + + ++ + + - 8
139]
Dowlatshahi
etal. (2013) + + + + ++ + + - 8

53]

2024 Osigwe et al. Cureus 16(6): €63379. DOI 10.7759/cureus.63379

9 of 29


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Levesque et
al. (2013) + + + + - + + R 8
[75]
Maradit-
Kremers et

+ + + + + + + 7
al. (2013)
[71]
Dregan et
al. (2014) + + + + - + + + 9
[78]
Ogdie et al

+ + + + - + + 8
(2015) 43
Wuetal.

+ + + + ++ + + 8
(2015) [72
Chiu et al.

+ + + + - + + 8
(2016) 73
Khalid et al.

+ + + + ++ + + 8
(2016) [68
Egeberg et
al. (2017) + + + + ++ + + - 8
176]
Feldman et
al. (2018) + + + + + + + R 8
[701
Leisner et
al. (2018) + + + + + + + + 8
771
Jung etal.

+ + + + + + + 8
(2019) [74

TABLE 4: Quality assessment of the included cohort studies

(-) no mark; (+) one mark; (++) two marks.

Publication Bias

The funnel plot and Egger’s test were used to test for the presence of significant publication bias. The funnel
plots for the different pooled analyses we performed (Figures 2-6 and Appendix 2) were asymmetrical,
suggesting the presence of publication bias. The power of Egger’s test to detect publication bias is greater
when at least 10 studies are included in a meta-analysis [79]. Thus, we ran Egger’s tests for the pooled
analyses of overall ASCVD (cohort studies) (p = 0.74), myocardial infarction (cohort studies) (p = 0.35), CAD
(cohort studies) (p = 0.98), mild psoriasis and ASCVD (cohort studies) (p = 0.15), and severe psoriasis and
ASCVD (cohort studies) (p = 0.14). The results showed that the asymmetries observed in the respective
funnel plots (Figures 2-6) were not due to publication bias.
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InHR

FIGURE 2: Funnel plot for the pooled analysis of overall ASCVD (cohort
studies)

ASCVD: atherosclerotic cardiovascular disease; HR: hazard ratio

InHR

FIGURE 3: Funnel plot for the pooled analysis of Ml (cohort studies)

MI: myocardial infarction; HR: hazard ratio

InHR

FIGURE 4: Funnel plot for pooled analysis of CAD (cohort studies)

CAD: coronary artery disease; HR: hazard ratio
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FIGURE 5: Funnel plot for the pooled analysis of mild psoriasis and
ASCVD (cohort studies)

ASCVD: atherosclerotic cardiovascular disease; HR: hazard ratio
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FIGURE 6: Funnel plot for the pooled analysis of severe psoriasis and
ASCVD (cohort studies)

ASCVD: atherosclerotic cardiovascular disease; HR: hazard ratio

Pooled Analyses

Pooled analyses were done for overall ASCVD, ischaemic stroke, myocardial infarction (MI), CAD, and aortic
aneurysm (AA). Pooled analysis was also done in terms of the severity of psoriasis.

Pooled analysis of overall ASCVD: A total of 21 studies investigated the risk of one or more ASCVD
outcomes, including ischaemic stroke, angina, MI, CAD, CHD, IHD, coronary revascularisation, and AA. The
21 studies included a total of 778,049 patients with psoriasis and 16,881,765 control subjects without
psoriasis.

Meta-analysis of the 17 cohort studies (764,033 patients with psoriasis and 16,775,574 control subjects)
using the random-effects model showed a significantly increased overall risk of ASCVD in patients with
psoriasis (HR, 1.21; 95% CI, 1.14 to 1.28) (Figure 7). The heterogeneity test showed a significant difference
among these 17 studies (Q = 43.77 with 16 df, p < 0.001; = 63%). Sensitivity analysis, with the exclusion of
the data set of one study at a time, did not significantly affect the observed heterogeneity (see Appendix 3).
Therefore, although the meta-analysis showed a moderately increased overall risk of ASCVD, there is a need
for a careful interpretation of this result due to the high heterogeneity.
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Study HR (95% CI) Weight (%)
Gelfand et al. (2006)[29] 312(0.70,13.87) 02
Wakkee et al. (2010) [50] L01(091,1.12) 9.2
Ahlehoff et al. (2011)[36] 134(1.14,157) 66
Lin etal. (2011)[69] 210(127,343) 13
Chiang et al. (2012)[39] 127(1.05,1.52) 5.7
Dowlatshahi et al. (2013)[53] 0.70(0.46,1.05) 1.8
Levesque etal. (2013)[75] L17(1.04,131) 86
1.18(0.80,1.74) 2.0

-
S
.
—-
Maradit-Kremers et al. (2013)[71]
Dregan et al. (2014)[78] —a— 1.12(0.90,138) 4.8
Ogdic etal. (2015)[43] - 1.09(1.00.1.20) 9.8
Wu et al. (2015)[72] - 1.30(L.16.1.47) 8.5
Chiuetal. (2016)[73] _— 1.80(1.25.2.61) 22
Khalid et al. (2016)[68] —_— 1.27(1.11,146) 7.6
Egeberg et al. (2017)[76] —0— 1.10(0.94.1.29) 6.7
Feldman et al. (2018)[70] [ ] 1.23(1.19.1.27) 123
Leisuer etal. (2018)(77] — 1.39(L18.1.65) 63
Jung et al. (2019)[74] —a— 1.23(L.04.145) 64
*

Overall 1.21(1.14,1.28)  100.0
Tau*=0.01
©Q=43.77,d1=16,p = 0.00
I'=63.45%
0.1 0.4 L0 28 7.4 20.1

Hazard Ratio (natural log scale) = 95% CI

FIGURE 7: Forest plot of the association between psoriasis and ASCVD
(cohort studies)

ASCVD: atherosclerotic cardiovascular disease

Meta-analysis of the four non-cohort studies (14,016 patients with psoriasis and 106,191 control subjects)
using the random-effects model showed a significantly increased overall risk of ASCVD in patients with
psoriasis (OR, 1.60; 95% CI, 1.34 to 1.92) (Figure 8). There was moderate heterogeneity (Q = 4.36 with 3

df, p = 0.23; I% = 31%), which implies no significant difference among these four studies.

Study OR (95% CI) Weight (%)
Xiao et al. (2009)[67] + 1.84(1.48,229) 368
Yang et al. (2011)[35] ™ 1.51(1.02,2.43) 141
Armstrong et al. (2012)[38] L ] 1.84(1.19,2.83) 142

Yeung et al. (2013)[64] — 134(1.07.1.69) 349
Overall ‘ 1.60(1.34,1.92)  100.0

Tau®=0.01
0=436,df=3,p=0.23

P =31.14%

14 3.6
Odds Ratie (natural log scale) = 95% CI

FIGURE 8: Forest plot of the association between psoriasis and ASCVD
(non-cohort studies)

ASCVD: atherosclerotic cardiovascular disease

Pooled analysis of ischaemic stroke: Three cohort studies investigated the risk of ischaemic stroke in
patients with psoriasis, including 8,830 psoriasis patients and 1,749,673 control subjects without psoriasis.
The meta-analysis with the random-effects model did not show a significantly increased risk of ischaemic
stroke in patients with psoriasis (HR, 1.14; 95% CI, 0.96 to 1.36) (Figure 9). The moderate heterogeneity (Q =

3.56 with 2 df, p=0.17; 2= 44%) showed there was no significant difference among these three studies.
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Study HR (95% CI) Weight (%)
Chiang et al. (2012)[39] 127(1.05.152) 414

Dowlatshahi et al. (2013)[53]

Jung et al. (2019)[74] . 1.12(0.97.1.28)  52.2

0.69(0.36.1.34) 64

Overall 1.14(0.96,1.36) 100.0
Tau*=0.01
0=3.56,df=2,p=0.17

P =43.84%

0.1 0.4 1.0 28
Hazard Ratio (natural log scale) £ 95% CI

FIGURE 9: Forest plot of the association between psoriasis and
ischaemic stroke

Pooled analysis of MI: A total of 13 studies investigated the risk of MI in patients with psoriasis, including
462,124 psoriasis patients and 11,007,272 control subjects without psoriasis. Eleven of these studies were
cohort studies while two were cross-sectional studies.

The meta-analysis of the 11 cohort studies (449,997 patients with psoriasis and 10,915,401 control subjects)
using the random-effects model showed a significantly increased risk of MI in patients with psoriasis (HR,
1.20; 95% CI, 1.10 to 1.31) (Figure 10). Heterogeneity testing revealed a significant difference among these

11 studies (Q = 25.19 with 10 df, p < 0.001; 2= 60%). Although the exclusion of the data set from Wakkee et

al. [50] significantly reduced the observed heterogeneity to a moderate level (I2 = 48%) without affecting the
significant association between psoriasis and MI (HR, 1.23; 95% CI, 1.13 to 1.33), the Q-statistic still
suggested statistically significant heterogeneity (Q = 17.46 with 9 df, p = 0.04) (see Appendix 3).

Study HR (95% CI) Weight (%)
Gelfand et al. (2006)[29) 3.12(0.70.1387) 03
Wakkee et al. (2010)[50] —]— 094(0.80,1.11) 115
Ablehoff et al. (2011)[36] - 126(110.145) 130

Lin etal. 2011)[69] 2.10(1.27.343) 27

Levesque et al. (2013)[75] - 1.17(1.04,131) 143
Maradit-Kremers et al. (2013)[71] —_— L18(0.80.1.74) 4.1
Ogdie et al. (2015)[43] -.- 1.09(1.00,1.20) 1538
Wu et al. (2015)[72] E B 130(116.147) 142
Egeberg et al. (2017)[76] —~m 1.10(0.94,129) 118
Leisner et al. (2018)[77) —— 139(1.18,1.65) 113
Jung et al. (2019)[74] 1.45(0.63.332) L1
Overall ‘ 1.20(1.10,1.31)  100.0
Tau? = 0.01
©@=125.19,dr=10,p =0.00
I=60.30%
0.1 0.4 1.0 28 74 20.1

Hazard Ratio (natural log seale) £ 95% CI

FIGURE 10: Forest plot of the association between psoriasis and Ml
(cohort studies)

MI: myocardial infarction

The meta-analysis of the two non-cohort studies (12,127 patients with psoriasis and 91,871 control subjects)
using the random-effects model showed a significantly increased risk of MI in patients with psoriasis (OR,
1.57; 95% CI, 1.15 to 2.15) (Figure 11). However, heterogeneity testing revealed a significant difference
between these two studies (Q = 3.87 with 1 df, p = 0.05; I2 = 74%), necessitating a cautious interpretation of
the result of the meta-analysis.
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Study OR (95% CI)  Weight (%)
Xiao etal. (2009)[67] { 1.84(1.48.2.29) 50.6
Yeung etal. (2013)[64] —.— 134(1.07.169) 494
Overall ’ 1.57(1.15,2.15)  100.0
Tau*=0.04
0-387,df-1,p-0.05
P=7415%
05 L4 3.6 0.8

Odds Ratio (natural log scale) £ 95% CI

FIGURE 11: Forest plot of the association between psoriasis and Ml
(non-cohort studies)

MI: myocardial infarction

Pooled analysis of CAD: A total of 18 studies investigated the risk of CAD outcomes (angina, MI, CAD, CHD,
IHD, and coronary revascularisation) in patients with psoriasis. They included a total of 669,976 psoriasis
patients and 11,326,107 control subjects without psoriasis. Fourteen of these studies were cohort studies,
one was a case-control study, and the remaining three were cross-sectional studies.

The meta-analysis of the 14 cohort studies (655,960 patients with psoriasis and 11,219,916 control subjects)
using the random-effects model showed a significantly increased risk of CAD in patients with psoriasis (HR,
1.20; 95% CI, 1.13 to 1.28) (Figure 12). The heterogeneity test showed a significant difference among these

14 studies (Q = 39.43 with 13 df, p < 0.001; 2= 67%). Sensitivity analysis, with the exclusion of the data set
of one study at a time, did not significantly affect the observed heterogeneity (see Appendix 3). Because of
this high heterogeneity, the findings of the meta-analysis should be interpreted carefully.

Study HR (95% CI) Weight (%)
Gelfand et al. (2006)[29] 3.12(0.70,1387) 0.2
Wakkee et al. (2010)[50] - 1.01(091.1.12)  10.6
Ahlehoff et al. (2011)[36] —.— 134(114,1.57) 76
Lin etal. (2011)[69] _— 2.10(127.343) 15
Dowlatshali etal. (2013)(§3] ————————— 070(0.41,1.19) 13
Levesque etal. (2013)[75] —a 117(1.04.1.31) 99
Maradit-Kremers et al. (2013)[71] e EE— 1.18(0.80.1.74) 2.3
Dregan et al. (2014)[78] —a 1.12(0.90,1.38) 5.5
Ogdie et al. (2015)[43] E 1.09(1.00,1.20) 113
Wuetal. (2015)[72] — 1.30(1.16.147) 98
Egeberg etal. (2017)[76] . 1.10(0.94.1.29) 7.7
Feldman et al. (2018)[70] [ | 123(119.127) 142
Leisner etal. (2018)[77] — 139(1.18,1.65) 73
Jung etal. (2019)[74] - 133(121.147) 109
Overall $ 1.20(1.13,1.28)  100.0
Tau®= 0.01
©=39.43,df=13, X
P=67.03%

01 0.4 10 28 74 20.1
Hazard Ratio (natural log scale) = 95% CI

FIGURE 12: Forest plot of the association between psoriasis and CAD
(cohort studies)

CAD: coronary artery disease

The meta-analysis of the four non-cohort studies (14,016 patients with psoriasis and 106,191 control
subjects) using the random-effects model showed a significantly increased risk of CAD in patients with
psoriasis (OR, 1.60; 95% CI, 1.34 to 1.92) (Figure 13). Heterogeneity was only moderate (Q = 4.36 with 3

df, p=0.23; 2= 31%), which showed that there was no significant difference among these four studies.
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Study OR (95% CI) Weight (%)
Xiao etal. (2009)[67] —.— 1.84(1.48,2.29) 368
Yang et al. (2011)[35) [ ] 1.51(1.02,243) 141
Armstrong et al. (2012)[38] L 1.84(1.19,2.83) 14.2

Yeung et al. (2013)[64] —.— 1.34(107.1.69) 349
Overall ‘ 1.60(1.34,1.92)  100.0

Tau?=0.01
0=436,df=3,p =023

P=31.14%

14 3.6
Odds Ratio (natural log scale) = 95% CI
FIGURE 13: Forest plot of the association between psoriasis and CAD
(non-cohort studies)

CAD: coronary artery disease

Pooled analysis of AA: Two cohort studies investigated the risk of AA in patients with psoriasis, including
105,290 psoriasis patients and 5,541,748 control subjects without psoriasis. Meta-analysis with the random-
effects model showed a significantly increased risk of AA in patients with psoriasis (HR, 1.45; 95% CI, 1.04 to
2.02) (Figure 14). The heterogeneity test showed that there was a significant difference between these two

studies (Q = 3.03 with 1 df, p = 0.08; I2 = 67%). Again, this high heterogeneity makes cautious interpretation
of the meta-analysis result necessary.

Study HR (95% CI) Weight (%)

Chiu et al. (2016) [73] . 1.80(125.2.61) 375

Khalid et al. (2016)[68] I 127(111,1.46)  62.5
Overall -’—- 1.45(1.04,2.02)  100.0

Tau*=0.04
0=3.03,df=1,p=0.08

P =66.98%

0.5 1.4 36
Hazard Ratio (natural log scale) £ 95% CI

FIGURE 14: Forest plot of the association between psoriasis and AA

AA: aortic aneurysm

Pooled analysis in terms of severity of psoriasis: A total of 14 studies determined the risk of ASCVD outcome
according to the severity of psoriasis (mild and severe psoriasis). These studies included a total of 629,459
patients with psoriasis and 16,599,606 control subjects without psoriasis. Eleven of these studies were
cohort studies, while the rest were cross-sectional studies.

The meta-analysis of the 11 cohort studies (615,647 psoriasis patients and 16,502,680 control subjects)
using the random-effects model showed a significantly increased risk of ASCVD in both mild (HR, 1.17; 95%
CI, 1.08 to 1.26) and severe (HR, 1.43; 95% CI, 1.23 to 1.65) psoriasis patients (Figures 15, 16). However,
when tested for heterogeneity, there was a significant difference among the studies included in the meta-
analysis both for mild (Q = 38.49 with 10 df, p < 0.001; I% = 74%) and severe (Q = 28.91 with 10 df, p <

0.001; I% = 65%) psoriasis. Sensitivity analysis, with the exclusion of one study at a time, did not significantly
affect the observed heterogeneity of the pooled analysis in terms of mild psoriasis (see Appendix 3).
However, in the sensitivity analysis of the pooled analysis in terms of severe psoriasis, the exclusion of the
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data set from Gelfand et al. [29] significantly reduced the observed heterogeneity (Q = 13.72 with 9 df, p =

0.13; 2= 34%) while maintaining a significant association between severe psoriasis and ASCVD (HR, 1.35;
95% CI, 1.22 to 1.50) (see Appendix 3). Thus, a definite conclusion can only be drawn from the pooled
analysis in terms of severe psoriasis.

Study HR (95% CI) Weight (%)
Gelfand et al. (2006)[29] —a 1.54(1.24.191) 69
Ahlehoff et al. (2011)[36) — 129(115.145) 111

Dowlatshahi et al. (2013)[53] 0.77(0.49,1.21) 25
Levesque et al. (2013)[75] —O0—
Dregan et al. (2014) [78] B 1.03(097.1.11) 132
Ogdie et al. (2015)[43] - 1.08(0.98,1.18) 121
Wu et al. (2015)[72] —m— 131(1.14,1.51) 99
Chiu et al. (2016)[73] 1.73(1.12.2.65) 2.7

1.18(1.05,1.33) 110

Khalid et al. (2016)[68] —— 1.20(1.03,1.39) 95
Egeberg etal. (2017)[76] - 1.03(096,1.11)  13.0
Jung et al. (2019)[74] —— 1.14(0.95.1.37) 8.1
Overall ’ 1.17(1.08,1.26)  100.0
Tau® = 0.01
0 -38.49,df-10,p = 0.00
F=74.02%
0.1 04 L0 28 7.4

Hazard Ratio (natural log scale) £ 95% CI

FIGURE 15: Forest plot of the association between mild psoriasis and
ASCVD (cohort studies)

ASCVD: atherosclerotic cardiovascular disease

Study HR (95% CI) Weight (%)
Gelfand et al. (2006)[29] —_————— 708(3.06.16.36) 26
Ahlehoff et al. (2011)[36] —l— 1.60(132,1.96) 129
Dowlatshahi et al. (2013)[53] 055(0.14.2.22) L1
Levesque et al. (2013)[75) — = 1.16(0.94,1.42)  12.6
Dregan ctal. (2014)[78] —l— 129(1.01.1.64) 116
Ogdie et al. (2015)[43] —— 126(092,1.72) 96
Wu et al. (2015)[72] —— 1.28(1.02,1.60) 121
Chiuetal. (2016)[73] 215(1.03,451) 32
Khalid et al. (2016) [68) —a— 167(121,232) 93
Egeberg etal. (2017)[76) -l 1.21(1.05,139) 146
Jung etal. (2019)[74] —u— 1.59(1.20.2.10)  10.5
Overall ’ 1.43(1.23,1.65)  100.0
Tau®=0.03
@=1891,df=10,p = 0.00
F=6541%
0.1 04 10 28 74 20.1

Hazard Ratio (natural log scale) £ 95% CI

FIGURE 16: Forest plot of the association between severe psoriasis and
ASCVD (cohort studies)

ASCVD: atherosclerotic cardiovascular disease

The meta-analysis of the three non-cohort studies (13,812 psoriasis patients and 96,926 control subjects)
using the random-effects model showed a significantly increased risk of ASCVD in both mild (OR, 1.54; 95%
CI, 1.25 to 1.90) and severe (OR, 1.65; 95% CI, 1.29 to 2.12) psoriasis patients (Figures 17, 18). Heterogeneity
was low both for mild (Q = 1.39 with 2 df, p = 0.50; I% = 0%) and severe (Q = 2.66 with 2 df, p = 0.26; I% = 25%)
psoriasis, which suggested that there was no significant difference among the studies included in the
respective meta-analyses.
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Study OR (95% CI) Weight (%)

Xiao et al. (2009) [67] —.— 1.72(1.29,230) 531

Yang et al. (2011)[35] 1.04(0.32.336) 3.2
Yeung et al. (2013)[64] 1.39(1.01,1.91) 437
Overall 1.54(1.25,1.90)  100.0
Tau®=0.00
Q=1.39,df=2,p=0.50

F=0.00%

0.1 0.4 1.0 2.8 7.4
Odds Ratie (natural log scale) £ 95% CI

FIGURE 17: Forest plot of the association between mild psoriasis and
ASCVD (non-cohort studies)

ASCVD: atherosclerotic cardiovascular disease

Study OR (95% CI) Weight (%)
Xiao etal. (2009)[67] —.— 2.01(1.45.279) 403
Yang et al. (2011)[35) ] 1.61(0.98,2.63) 213

Yeung etal. (2013)[64] — R 136(097.191) 384
Overall ’ 1.65(1.29,2.12)  100.0

Tau® = 0.01
0=12.66,df=2,p=0.26

F=24.72%

0.5 14 3.6 9.8
Odds Ratio (natural log scale) £ 95% CI

FIGURE 18: Forest plot of the association between severe psoriasis and
ASCVD (non-cohort studies)

ASCVD: atherosclerotic cardiovascular disease

Discussion

The results of our meta-analyses showed that psoriasis was associated with a significantly increased risk of
ASCVD. There were significant associations with MI, CAD, and AA, but not with ischaemic stroke. Meta-
analyses also showed that both mild and severe psoriasis were associated with an increased risk of ASCVD.

Liu et al. [61] conducted a systematic review and meta-analysis of 31 cohort studies; 15 of which met the
inclusion criteria of our meta-analysis. In their analysis, patients with psoriasis had a significantly increased
risk of developing adverse cardiovascular outcomes, including stroke (RR, 1.19;95% CI, 1.11 to 1.27), MI (RR,
1.17; 95% CI, 1.11 to 1.24), IHD (RR, 1.17; 95% CI 1.02 to 1.34), thromboembolism (RR, 1.36; 95% CI, 1.20 to
1.55), arrhythmia (RR, 1.35; 95% CI, 1.30 to 1.40), and cardiovascular death (RR, 1.46; 95% CI, 1.26 to 1.69).
Similar positive associations between psoriasis and CVD outcomes were also reported in systematic reviews
and meta-analyses by Xu and Zhang [56], Armstrong et al. [57], Horreau et al. [58], Miller et al. [59],
Samarasekera et al. [60], and Yu et al. [80]. Like in our study, high heterogeneity was observed in the analyses
of most of these reviews.

The presence of an association between psoriasis and atherosclerosis has a biologically plausible
explanation. Psoriasis is no longer considered a local inflammatory condition limited to the skin because the
presence of systemic inflammation has been demonstrated [19,20]. Systemic inflammation and endothelial
dysfunction in chronic immune-mediated inflammatory diseases are known to accelerate atherosclerosis
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[21]. As earlier stated, both psoriasis and atherosclerosis have the same underlying Th1 and Th17 cell-
mediated immune mechanisms, and their chronic inflammatory plaques have similar inflammatory cell and
cytokine constituents [17,18]. Therefore, the chronic systemic inflammation in psoriasis may be an
important driver of atherosclerosis, which partly explains the positive association we found between
psoriasis and ASCVD. Adiponectin, a cytokine secreted by adipose tissue, has anti-inflammatory actions that
inhibit the initiation and progression of atherosclerosis [81]. To further support the ‘inflammation theory), a
cross-sectional observational study [82] found that individuals with psoriasis had significantly lower serum
adiponectin levels compared with those without psoriasis, regardless of the presence of metabolic
syndrome.

ASCVD risk factors such as smoking, hypertension, diabetes mellitus, dyslipidaemia, and obesity are highly
prevalent in patients with psoriasis [18]. Depression and other mental illnesses (non-traditional ASCVD risk
factors) are also associated with psoriasis [83,84]. All the included studies in our review performed
incomplete adjustment for ASCVD risk factors (and other covariates), although some conducted more
extensive adjustment than others (Table 7). Hence, residual confounding, which cannot be ruled out in these
studies, may be another mechanism that partly explains the results of our meta-analyses.

Anti-psoriasis treatment, an important covariate, was adjusted for by only a minority of the included
studies (Table I). Treatment options for psoriasis include topical medications, phototherapy, and systemic
medications. Systemic medications used by psoriasis patients in the included studies were methotrexate,
azathioprine, hydroxyurea, mycophenolate, ciclosporin, retinoids (etretinate or acitretin), and biological
drugs such as alefacept, efalizumab, adalimumab, etanercept, infliximab, and ustekinumab. Studies [85,86]
have suggested that methotrexate and the tumour necrosis factor (TNF)-alpha inhibitors may reduce the risk
of CVD, including MI, in patients with psoriasis. Treating psoriasis with TNF-alpha inhibitors may also
reduce the incidence of diabetes mellitus [87], while other systemic medications such as acitretin and
ciclosporin may lead to hyperlipidaemia [60]. However, the effects on ASCVD of many of the utilised
systemic medications in our included studies remain undetermined but may be direct (independent),
indirect, or no effect. Given that most studies did not adjust for anti-psoriasis treatment, it is likely that
systemic medications impacted the findings of our review, although the exact nature of this impact remains
unknown. Further research with studies of high levels of evidence (such as randomised controlled trials
(RCTs)) is necessary to resolve the uncertainty of the effects of systemic anti-psoriasis medications on
ASCVD.

Except for ischaemic stroke, psoriasis had significant associations with all our clinical ASCVD outcomes.
Some of these outcomes (ischaemic stroke and AA) represent heterogeneous disorders that also have non-
atherosclerotic causes. For instance, nearly half of all ischaemic strokes are related to cardioembolism or
have an undetermined cause [88]. This heterogeneity may partly account for the result of our pooled analysis
of ischaemic stroke which did not show a significant association.

The findings of our study have important implications for clinical practice. As the meta-analyses suggest an
independent positive association between psoriasis and ASCVD, it may be prudent for clinicians (including
general practitioners, dermatologists, and rheumatologists) who provide care for adult psoriasis patients to
regard psoriasis as a risk modifier that upgrades an individual's CVD risk category. Re-categorisation affects
the recommended low-density lipoprotein cholesterol (LDL-C) target for CVD prevention. It could also
influence clinical decisions regarding the need for lipid-lowering therapy, in addition to lifestyle
modification, for the prevention of CVD. Given that there is also an association between psoriasis and
ASCVD risk factors, clinicians should regularly screen psoriasis patients for these risk factors and
consistently offer them lifestyle modification advice, including smoking cessation, moderation of alcohol
consumption, regular exercise, healthy eating, and weight management. For patients who have coexisting
ASCVD risk factor conditions such as hypertension, diabetes mellitus, dyslipidaemia, obesity, chronic kidney
disease, and mental health disorders, these diseases should be optimally managed, engaging the relevant
specialists when necessary.

Strengths and Limitations

It is important to highlight the strengths of our systematic review and meta-analysis. First, it was a large-
scale study of 21 observational studies involving 778,049 patients with psoriasis and 16,881,765 control
subjects. The large sample size most likely conferred a high statistical power to our analysis. Second, our
review provides the highest level of ‘acceptable’ evidence as regards the association between psoriasis and
ASCVD. Although RCTs are higher than observational studies in the hierarchy of evidence, it would be
unethical to study the association between psoriasis and ASCVD using an RCT design. Excluding RCTs, the
cohort studies provide the highest level of evidence from research. Seventeen out of the 21 studies included
in our review were cohort studies. Third, the quality of evidence from our review was high because only
studies with a low risk of bias were included. Using the modified Newcastle-Ottawa tool for observational
studies [63], the minimum quality score for our 21 included studies was seven.

Despite the strengths of our study, we recognise some limitations, including residual confounding, bias,
heterogeneity, and limited data on our ASCVD outcomes. None of the 21 included studies performed a
comprehensive covariate adjustment, including controlling for as many ASCVD risk factors as possible.
Hence, residual confounding in these studies remains possible and is probably the most important
limitation of this review. This potential for residual confounding affects the certainty of the independence of
the positive association between psoriasis and ASCVD in our analyses. Furthermore, the various systemic
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medications used to treat psoriasis subjects in this review may have had a neutral effect or contributed to or
offered protection against ASCVD. Since the majority of the included studies did not adjust for anti-
psoriasis medication (Table I), this may have also potentially contributed to residual confounding (positive
or negative) in these studies.

The estimates of our pooled analyses may have been affected by bias in the included studies. There was a risk
of misclassification bias in these studies. Most relied on the use of diagnostic codes to identify psoriasis
groups, control groups, and ASCVD outcomes from medical records and databases. This method may not be
free of mistakes such as coding errors and omissions. In addition, accurate diagnoses of psoriasis and
ASCVD outcomes require medical practitioners with sufficient experience in the relevant specialities.
Inexperienced practitioners may either incorrectly diagnose psoriasis/ASCVD outcomes or miss their
diagnoses. Hence, the studies included in this review had risks of misclassifying their study subjects and the
ASCVD outcomes. Another potential source of misclassification bias was the method of ascertainment of
severe psoriasis in our included studies. Fifteen of our studies had baseline data that classified psoriasis
patients according to disease severity, but only a minority of them [53,64] have identified patients with
severe disease using formal criteria such as the percentage of BSA affected or the PASI. Most severe psoriasis
patients in our review were identified by relying on surrogate measures (such as the use of systemic anti-
psoriasis medications, hospitalisation for psoriasis, or the presence of psoriatic arthritis). Noticeably, 13 out
of the 15 studies were population-based, and the proportion of psoriasis patients who had severe disease
ranged from 3% to 27% (Table 1). However, based on the percentage of BSA affected, an estimated 15% to
20% of patients with psoriasis have moderate to severe disease [89]. Hence, our cohorts who had identified <
10% of their psoriasis groups as having severe disease may have misclassified some severe cases of disease
as mild, and this may have ultimately affected the estimates of our pooled analyses in terms of psoriasis
severity.

The high heterogeneity observed in most pooled analyses of the cohort studies prevents us from drawing
definite conclusions. Although heterogeneity was low-to-moderate in most pooled analyses of the non-

cohort studies, we are aware that the Q-statistic and 1% index both have low power to detect heterogeneity in
a meta-analysis when there are only a few studies [90]. The potential sources of the high heterogeneity in
our analyses include the variable settings of the included studies (America, Asia, and Europe), variable study
designs (cross-sectional vs case-control; prospective vs retrospective cohort), variable methods of
ascertainment of exposure (psoriasis) and ASCVD outcomes among the studies, variable levels of covariate
adjustment among the studies, and the variable statistical power of the studies due to sample size variation
(Table I).

Our findings may have also been limited by a lack of data for some of the clinical ASCVD outcomes. None of
the studies that met our inclusion criteria had data on atherosclerotic diseases of the extremities, kidneys,
or mesentery. Another consideration is that our pooled analyses in terms of the severity of psoriasis have
been limited because as many as seven out of our 21 included studies did not have effect sizes for mild and
severe psoriasis.

Conclusions

Within the limits of our analyses, we have demonstrated that psoriasis (both mild and severe) is associated
with a significantly increased risk of ASCVD. The management goals for psoriasis in adults should include
routine ASCVD risk assessment and prompt implementation of preventive measures for ASCVD. To improve
the robustness of evidence from systematic reviews and meta-analyses like ours, future observational
studies evaluating the association between psoriasis and ASCVD should strive to limit bias as much as
possible and to perform more extensive covariate adjustments.

Appendices
Appendix 1
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Database Search strategy (medical subject headings (MeSH) terms or medical keywords/synonyms used)

“ischaemic attack, transient” OR “ischaemic stroke” OR “stroke” OR “intracranial arteriosclerosis” OR “carotid stenosis” OR
MEDLINE “carotid artery diseases” OR “angina pectoris” OR “angina, stable” OR “angina, unstable” OR “acute coronary syndrome” OR
through “myocardial infarction” OR “myocardial ischemia” OR “coronary disease” OR “coronary artery disease” OR “aortic aneurysm”
PubMed  OR “mesenteric ischaemia” OR “renal artery obstruction” OR “peripheral arterial disease” OR “arterial occlusive diseases” OR
“peripheral vascular diseases” OR “atherosclerosis” OR “cardiovascular diseases” AND "psoriasis”

“transient ischemic attack” OR “ischemic stroke” OR “cerebrovascular disease” OR “occlusive cerebrovascular disease” OR
“cerebrovascular accident” OR “cerebral atherosclerosis” OR “carotid artery disease” OR “carotid atherosclerosis” OR “carotid
stenosis” OR “coronary artery disease” OR “coronary atherosclerosis” OR “ischemic heart disease” OR “heart muscle
ischemia” OR “heart infarction” OR “acute coronary syndrome” OR “stable angina pectoris” OR “unstable angina pectoris” OR
“angina pectoris” OR “aortic aneurysm” OR “aortic atherosclerosis” OR “mesenteric ischaemia” OR “peripheral arterial
disease” OR “peripheral arterial occlusion” OR “peripheral vascular disease” OR “artery occlusion” OR “renal artery stenosis”
OR “atherosclerotic renal artery stenosis” OR “renal artery occlusion” OR “renal artery disease” OR “atherosclerosis” OR
“cardiovascular disease” AND “psoriasis”

EMBASE

“transient ischaemic attack” OR “ischaemic stroke” OR “stroke” OR “cerebrovascular disease” OR “cerebrovascular accident”
OR “cerebral atherosclerosis” OR “intracranial atherosclerosis” OR “carotid artery disease” OR “carotid disease” OR “carotid
atherosclerosis” OR “carotid stenosis” OR “coronary artery disease” OR “coronary heart disease” OR “coronary
atherosclerosis” OR “coronary disease” OR “ischaemic heart disease” OR “myocardial ischaemia” OR “myocardial infarction”
Scopus OR “heart attack” OR “acute coronary syndrome” OR “stable angina” OR “unstable angina” OR “angina” OR “aortic aneurysm”
OR “aortic atherosclerosis” OR “mesenteric ischaemia” OR “peripheral artery disease” OR “peripheral arterial disease” OR
“peripheral arterial occlusive disease” OR “peripheral vascular disease” OR “arterial occlusive disease” OR “renal artery
stenosis” OR “atherosclerotic renal artery stenosis” OR “renal artery obstruction” OR “renal artery disease” OR
“atherosclerosis” OR “atherosclerotic” OR “cardiovascular disease” OR “cardiovascular diseases” AND “psoriasis”

“psoriasis AND transient ischaemic attack”, “psoriasis AND ischaemic stroke”, “psoriasis AND cerebrovascular disease”,
“psoriasis AND carotid stenosis”, “psoriasis AND carotid occlusion”, “psoriasis AND carotid artery disease”, “psoriasis AND
myocardial infarction”, “psoriasis AND ischaemic heart disease”, “psoriasis AND coronary heart disease”, “psoriasis AND
BASE coronary artery disease”, “psoriasis AND acute coronary syndrome”, “psoriasis AND angina”, “psoriasis AND aortic
aneurysm”, “psoriasis AND mesenteric ischaemia”, “psoriasis AND renal artery stenosis”, “psoriasis AND peripheral artery

"o« "o«

disease, “psoriasis AND peripheral arterial disease”, “psoriasis AND peripheral vascular disease”, “psoriasis AND

atherosclerotic cardiovascular disease”, “psoriasis AND cardiovascular disease”

“transient ischaemic attack” OR “ischaemic stroke” OR “stroke” OR “cerebrovascular disease” OR “cerebrovascular accident”
OR “cerebral atherosclerosis” OR “intracranial atherosclerosis” OR “carotid artery disease” OR “carotid disease” OR “carotid
atherosclerosis” OR “carotid stenosis” OR “coronary artery disease” OR “coronary heart disease” OR “coronary
atherosclerosis” OR “coronary disease” OR “ischaemic heart disease” OR “myocardial ischaemia” OR “myocardial infarction”
OR “heart attack” OR “acute coronary syndrome” OR “stable angina” OR “unstable angina” OR “angina” OR “aortic aneurysm”
OR “aortic atherosclerosis” OR “mesenteric ischaemia” OR “peripheral artery disease” OR “peripheral arterial disease” OR
“peripheral arterial occlusive disease” OR “peripheral vascular disease” OR “arterial occlusive disease” OR “renal artery
stenosis” OR “atherosclerotic renal artery stenosis” OR “renal artery obstruction” OR “renal artery disease” OR
“atherosclerosis” OR “atherosclerotic” OR “cardiovascular disease” OR “cardiovascular diseases” AND “psoriasis”

Google
Scholar

TABLE 5: Search strategy

Appendix 2

2024 Osigwe et al. Cureus 16(6): €63379. DOI 10.7759/cureus.63379 210f29



Cureus

Part of SPRINGER NATURE

e

Funnc] plot for pookd analysis of ischacmic stroke Funnel plot for pooled analysis of CAD (non-cohort siudies)
o arr 5 2
L o
i
i =
08 ' ==
: , TG TR TG TR AT TR TR
Funnel plot for pooled analysis of mild psoriasis and ASCVD (non-cohort studies) Funael plot for peoled analysis of severe 1 ASCVD

FIGURE 19: Funnel plots for meta-analyses with less than five studies

ASCVD: atherosclerotic cardiovascular disease; CAD: coronary artery disease; OR: odds ratio; HR: hazard ratio

Appendix 3

HR Pooled 2
LCI  HCI  Weight i Excluded LCI  HCl  Cochran’s 2Lel
Meta-analysis (and pooled statistics) Study (or HR (or P 2 Hel
95%  95% (%) analysis study 95% 95% Q 95%
OR) OR) 95%
Gelfand et al Gelfand et al
312 070 1387 0.6 1.21 114 128 4223 000 6448 3946 79.16
(2008) [29] (2006) [29]
Wakkee et
Wakkee et al
101 091 112 9.8 al. (2010) 1.23 116 130 3151 001 5239 1583 73.07
(2010)[50]
[50]
Ahlehoff et
Ahlehoff et al
134 114 157 664 al. (2011) 1.20 143 128 4215 000 6441 3934 7943
(2011) [36]
[36]
Linetal Linetal
210 127 343 130 1.20 113 127 39.02 000 6156 3381 77.67
(2011) [69] (2011) (69]
Chiang et al Chiang et al
127 105 152 572 1.20 143 128 4350 000 6552 4145 79.69
(2012) [39] (2012) (39]
Dowlatshahi Dowlatshahi
etal. (2013) 070 046 105 179 etal. (2013)  1.22 115 129 37.01 000 5947 2075 76.62
[53] [53]
Levesque et
Levesque et
147 104 131 862 al. (2013) 1.21 114 129 4344 000 6547 4137 7967
al. (2013)(75]
[75]
Maradit-
Maradit-
Kremers et
Kremersetal.  1.18 080 174  1.99 1.21 114 129 4376 000 6572 4184 7979
Overall ASCVD (cohort studies): HR = 1.21 (95% Cl, 1.14 to 2013711 al. (2013)
7
Overall ASCVD 7
1.28); 12 = 63.45% (95% Cl, 38.48 to 78.28); Cochran's Q =
(cohort studies)
. 2 - - 2_
43.77; Chi2, p = 0.00; Tau? = 0.01 Dregan et al. Dregan et al.
112 090 138 483 1.21 114 129 4327 000 6534 4111  79.60
(2014) [78] (2014) (78]
Ogdie etal. Ogdie etal.
109 100 120 981 1.22 115 130 3838 000 6092 3258 77.35
(2015) [43] (2015) [43]
Wu etal Wu etal.
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Jung et al. Jung etal
159 120 210 1048 141 120 166 2744 000 6720 3621 8313
(2019) [74] (2019) [74]
Xiao et al. Xiao et al.
172 129 230  53.07 1.36 100 18 022 064 000 000  0.00
(2009) (67] (2009) (67]
Mild psoriasis and ASCVD (non-cohort studies): OR = 1.54 Mild psoriasis and
Yang et al. Yang etal.
(95% Cl, 1.25 to 1.90); 12 = 0.00% (95% Cl, 0.00 to 85.00); 104 032 336 321 ASCVD (non- 1.56 126 194 094 033 000 000 000
(2011) 35] (2011)[35]
Cochran's Q = 1.39; Chi2, p = 0.50; Tau? = 0.00 cohort studies)
Yeung etal. Yeung et al
139 101 191 4372 167 126 221 066 042 000 000 000
(2013) [64] (2013) (64]
Xiao et al. Xiao et al.
201 145 279 4029 1.44 109 190 031 058 000 000 000
(2009) (67] (2009) (67]
Severe psoriasis and ASCVD (non-cohort studies): OR = 1.65 oD
Yang et al. Yang etal.
(95% CI, 1.29 to 2.12); 12 = 24.72% (95% CI, 0.00 to 92.17); 161 098 263 2134  and ASCVD (non- 1,66 113 243 264 010 6216 000 9127
(2011) [35] (2011) [35]
Cochran's Q = 2.66; Chi2, p = 0.26; Tau2= 0.01 cohort studies)
Yeung et al Yeung et al.
136 097 191 3837 1.88 143 247 054 046 000 000  0.00
(2013) [64] (2013) [64]

TABLE 6: Table of analyses

ASCVD, atherosclerotic cardiovascular disease; Cl, confidence interval; HCI, higher limit of confidence interval; HR, hazard ratio; LCI, lower limit of
confidence interval; N/A, not applicable; OR, odds ratio.
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