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IMPORTANCE The epidemiological link between immune-mediated diseases (IMIDs) and
cardiovascular disease has often been attributed to systemic inflammation. However, the
direction of causality and the biological mechanisms linking cardiovascular disease with IMIDs
are incompletely understood. Given the robust epidemiological association and the growing
body of supportive mechanistic evidence, psoriasis is an exemplary IMID model for exploring
this relationship.

OBJECTIVE To assess the bidirectional relationships between genetic predictors of psoriasis
and the 2 major forms of cardiovascular disease, coronary artery disease (CAD) and stroke,
and to evaluate the association between genetic predictors of cardiovascular disease with 9
other IMIDs.

DESIGN, SETTING, AND PARTICIPANTS This was a genetic association study using mendelian
randomization (MR), a powerful genetic tool to help distinguish causation from associations
observed in epidemiological studies, to provide supportive evidence for causality between
traits. The study conducted 2-sample MR analyses using summary-level data from large-scale
genome-wide association meta-analysis studies (GWAS) for each trait. The analysis focused
on individuals of European descent from GWAS meta-analyses, involving CAD, stroke,
psoriasis, and 9 other IMIDs. Data were analyzed from January 2023 to May 2024.

EXPOSURES Genetic predictors of CAD, stroke, psoriasis, and 9 other IMIDs.

MAIN OUTCOMES AND MEASURES The primary outcomes were the associations of genetic
predictors of CAD and stroke with the risk of psoriasis and 9 other IMIDs, determined using
inverse-variance weighted (IVW) MR estimates.

RESULTS This study included 181 249 cases and 1 165 690 controls with CAD, 110 182 cases
and 1 503 898 controls with stroke, 36 466 cases and 458 078 controls with psoriasis, for a
total of approximately 3 400 000 individuals, and 9 other IMIDs. In contrast to previous
assumptions, genetic predictors of psoriasis were found to have no association with CAD or
stroke. In the reverse direction, genetic predictors of both CAD (MR estimate IVW odds ratio
[OR], 1.07; 95% CI, 1.04-1.10; P = .003) and stroke (IVW OR, 1.22; 95% CI, 1.05-1.41; P = .01)
were found to have risk-increasing associations with psoriasis. Adjusting for stroke rendered
the associations of genetically predicted CAD with psoriasis risk nonsignificant (and vice
versa), suggesting that a shared effect underlying genetic risk for CAD and stroke associates
with increased psoriasis risk. No risk-increasing associations were observed for genetic
predictors of cardiovascular disease with other common IMIDs, including rheumatoid arthritis
and inflammatory bowel disease.

CONCLUSIONS AND RELEVANCE Findings of this mendelian randomization study indicate that
genetic predictors of cardiovascular disease were associated with increased psoriasis risk with
no reciprocal effect or association with other IMIDs. Elucidating mechanisms underpinning
this association could lead to novel therapeutic approaches in both diseases.

JAMA Cardiol. 2024;9(11):1009-1017. doi:10.1001/jamacardio.2024.2859
Published online September 18, 2024.

Editorial page 961

Supplemental content

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Author: Catherine H.
Smith, MD, St John’s Institute of
Dermatology, School of Basic &
Medical Biosciences, Faculty of Life
Sciences & Medicine, Guy’s Hospital,
Great Maze Pond, London SE1 9RT,
United Kingdom (catherine.smith@
kcl.ac.uk).

Research

JAMA Cardiology | Original Investigation

(Reprinted) 1009

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2024.2859?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2024.2859
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2024.2868?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2024.2859
https://jamanetwork.com/journals/car/fullarticle/10.1001/jamacardio.2024.2859?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2024.2859
mailto:catherine.smith@kcl.ac.uk
mailto:catherine.smith@kcl.ac.uk


S ystemic inflammation plays a significant role in the
pathogenesis of cardiovascular disease.1 Supporting
this concept, anti-inflammatory treatments (including

canakinumab and colchicine) have been shown to be effective
in reducing the incidence of cardiovascular events in several
clinical trials.2-5 Numerous inflammatory biomarkers, includ-
ing CD14++CD16+ monocytes and high-sensitivity C-reactive
protein, predict cardiovascular disease independently of tra-
ditional cardiovascular risk factors in high-risk individuals
undergoing elective coronary angiography.6,7 These observa-
tions contribute to the prevailing hypothesis that the epide-
miological association between immune-mediated disease
(IMID) and cardiovascular disease is driven by systemic
inflammation.8-13 Nevertheless, the direction of causality, the
role of key confounding factors, and the biological pathways
linking cardiovascular disease with IMIDs remain incom-
pletely understood.1,14

Psoriasis serves as an exemplary model for studying this re-
lationship. It is a highly prevalent IMID with a distinct clinical
phenotype that rarely necessitates extensive investigation for
diagnosis, therefore, it is well captured in large-scale population-
based studies.15 A well-established, epidemiological associ-
ation links psoriasis to the 2 major forms of cardiovascular
disease: coronary artery disease (CAD) and stroke.16,17 Severe
psoriasis has been shown to be an independent risk factor in the
development of cardiovascular disease11 and is now integrated
in cardiovascular risk assessment tools for clinical practice.18 As
with other IMIDs, important cardiovascular risk factors,19 obe-
sity, and dyslipidemia, are highly prevalent in the psoriasis popu-
lation—particularly in those with severe psoriasis where the car-
diovascular risk seems to be greatest. Mechanistic evidence also
supports the notion that psoriasis-associated systemic inflam-
mation drives this causal relationship: (1) there is overactiva-
tion of the interleukin 17/23 canonical pathway central to pso-
riasis disease pathogenesis, (2) interleukin 17/23 is also found
in both the blood and carotid atherosclerotic plaques in people
with cardiovascular disease,20,21 and (3) targeted blockade im-
proves imaging-based measures of subclinical CAD in individu-
als with psoriasis. Collectively, these findings have led some to
advocate early intervention in psoriasis to abrogate cardiovas-
cular risk.22-24

Recently, this view has been challenged by a study by Pat-
rick et al, which used mendelian randomization (MR)—a pow-
erful genetic tool to distinguish causation from associations
observed in epidemiological studies.25,26 This study revealed
a risk-increasing association between genetic predictors of
CAD on psoriasis, rather than psoriasis on CAD, in contrast with
common dogma.27,28 Notably, they found that this effect re-
mained significant after adjusting for body mass index and
waist to hip ratio. However, considering the numerous shared
risk factors between psoriasis and cardiovascular disease, the
impact of other potential confounding factors is still unclear.
Furthermore, whether these putative causal effects are also ob-
served in other forms of cardiovascular disease or if they play
a risk-increasing role on other IMIDs has not, to our knowl-
edge, been investigated. Building on these findings, our study
uses the most powerful genetic instruments currently avail-
able, from recent large-scale genome-wide meta-analyses,29-31

thereby maximizing the precision of associations. We assessed
the bidirectional relationship between genetic predictors of pso-
riasis and the 2 major forms of cardiovascular disease: CAD and
stroke. We address several important gaps by (1) investigating
whether putative associations between genetic predictors of CAD
and psoriasis are specific or also shared in stroke (2) evaluating
the impact of several key potential confounders, (3) determin-
ing whether associations are specific to psoriasis or are gener-
alized to other IMIDs, and (4) exploring the role of commonly
prescribed medications for cardiovascular disease as potential
mediators of the observed effects.

Methods
Two-sample MR analyses do not involve human participants, in-
dividual patient data, or any interaction or intervention with hu-
man individuals. Instead, 2-sample MR exclusively uses ge-
netic variants from previously published genome-wide
association studies (GWAS). As such, no ethical approval was re-
quired for these analyses. The UK Biobank analyses were car-
ried out using the UK Biobank Resource, approved under proj-
ect number 15147. The UK Biobank has also obtained clearance
from the Patient Information Advisory Group in England and
Wales to access data that enables the invitation of potential par-
ticipants. Written informed consent was required for partici-
pant enrollment in the UK Biobank study. This study followed
the Strengthening the Reporting of Observational Studies in Epi-
demiology Using Mendelian Randomization (STROBE-MR)
guidelines.32 The eMethods in Supplement 1 contains further
information on detailed study methodology.

Study Design and Data Sources
This study uses MR to explore the relationship between cardio-
vascular disease and psoriasis as well as other common IMIDs.
MR is a method that uses genetic variants to help determine if
there is a causal relationship between an exposure and an
outcome.25 By leveraging the fixed nature of genetic variants
from conception, MR helps overcome issues of unmeasured con-
founding and reverse causation found in observational stud-
ies, providing supportive evidence for causality.

Key Points
Question Does genetic risk for cardiovascular disease predispose
individuals to immune-mediated diseases (IMIDs)?

Findings In this mendelian randomization study using datasets
comprising more than 500 000 participants, genetic predictors of
coronary artery disease (CAD) and stroke were found to be
statistically significantly associated with increased psoriasis risk. In
contrast, no statistically significant risk-increasing associations
were observed for genetic predictors of CAD or stroke on several
other IMIDs, including rheumatoid arthritis and inflammatory
bowel disease.

Meaning These findings suggest that biological pathways
influencing cardiovascular disease risk are associated with
psoriasis risk but not with other IMIDs.
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Two-sample MR with summary-level data from GWAS was
used to explore the bidirectional relationship between ge-
netic predictors of psoriasis and cardiovascular disease, in-
cluding CAD and stroke.33 The association of genetic predic-
tors of CAD and stroke with psoriasis was investigated using
multivariable MR to adjust for potential confounding factors
common to both conditions (body mass index, waist to hip ra-
tio, smoking, systolic blood pressure, diastolic blood pres-
sure, hemoglobin A1c, total cholesterol, triglycerides, and low-
density lipoprotein cholesterol). Additionally, the association
of genetic predictors of cardiovascular disease with 9 other
common IMIDs was examined; for these IMIDs, an epidemio-
logical association with cardiovascular disease had been pre-
viously reported (ie, acne,34 atopic dermatitis,35 asthma,36 ce-
liac disease,37 Crohn disease,38 inflammatory bowel disease,38

multiple sclerosis,39 rheumatoid arthritis,11 ulcerative colitis40)
to reveal the specificity or generality of cardiovascular ge-
netic risk factor associations across IMIDs.

For further in-depth analyses in specific population sub-
groups, 1-sample MR was performed in the UK Biobank using
individual-level data (eTables 1-3 in Supplement 2). Cardio-
vascular genetic risk factor associations were examined strati-
fied by common medication use, CAD cases (vs controls), sex-
specific differences, and HLA-C*06:02-status (primary
susceptibility allele in psoriasis) in view of epidemiological
evidence of higher prevalence of cardiovascular disease in
these subgroups, as detailed in eMethods in Supplement 1.
Analyses were restricted to only individuals of White Euro-
pean ancestry to maximize the consistency and reliability of
genetic instruments used.

A psoriasis genetic instrument (109 independent vari-
ants genome-wide significant variants [P value <5 × 10−08]),
was derived from a psoriasis GWAS meta-analysis.30 CAD (241
independent variants) and stroke (47 independent variants) ge-
netic instruments were derived from genome-wide signifi-
cant variants from CAD31 and stroke29 GWAS meta-analyses,
respectively (eTables 4-6 in Supplement 2). These genetic
instruments were used in both 1- and 2-sample MR. For other
IMIDs, data from the following GWAS meta-analyses were used:
acne,41 atopic dermatitis,42 asthma,43 celiac disease,44 Crohn
disease,45 inflammatory bowel disease,45 multiple sclerosis,46

rheumatoid arthritis,47 or ulcerative colitis.45

Assumptions
A genetic variant can be considered as an instrumental vari-
able for a given exposure if it satisfies the instrumental vari-
able assumptions: (1) it is associated with the exposure, (2) it
is not associated with the outcome through confounding path-
ways, and (3) it does not affect the outcome except poten-
tially via the exposure.

Statistical Analysis
The primary statistical method for evaluating MR effects was the
inverse-variance weighted (IVW) MR. For each outcome, we re-
ported the estimated effect of the binary exposure variable as
an odds ratio (OR) with corresponding 95% CIs. The associa-
tion of genetic predictors of cardiovascular disease with the 9
other IMIDs is presented with 1-tailed P values to test the hy-

pothesis that genetic predictors of cardiovascular disease have
risk-increasing associations with IMIDs. All other P values are
presented with 2-tailed P values as measures of statistical sig-
nificance. A schematic representation of bidirectional MR analy-
ses is available in eFigure 1 in Supplement 1.

Assessment of Assumptions
The F statistic assumptions in 2-sample MR were as fol-
lows: 150.4 for psoriasis, 73.8 for CAD, and 44.3 for stroke. All
genetic instruments used had an F statistic of 10 or greater, in-
dicating sufficient instrument strength to avoid weak instru-
ment bias.48

Sensitivity Analyses
Results have potential for bias if the instrumental variables ex-
hibit horizontal pleiotropy, influencing the outcome through
causal pathways other than the exposure, thus violating the
third instrumental variable assumption.49 To address this, we
performed sensitivity analyses using MR-Egger, simple me-
dian, and weighted median on all analyses.50 For 2-sample MR
analyses examining the bidirectional relationship between ge-
netic predictors of psoriasis and cardiovascular disease, MR-
Steiger sensitivity testing was also performed to test whether
the assumption that the exposure causes the outcome is valid51

Additionally, MR-Lasso and MR-PRESSO sensitivity analyses52

were performed to examine the effects of removing outliers,
and the Cochran Q statistic was calculated to establish the pres-
ence of heterogeneity.52,53 Scatterplots, funnel plots, and leave-
one-out forest plots for the main 2-sample MR effects are
presented in eFigure 2 in Supplement 1. All MR analyses were
performed using R, version 4.1.2 (R Foundation for Statistical
Computing) using the TwoSampleMR, MendelianRandomiza-
tion, and MVMR packages.53,54 Data were analyzed from Janu-
ary 2023 to May 2024.

Results
Genetic Risk for Stroke/CAD and Psoriasis Risk
Data from a total of approximately 3 400 000 individuals were
included in this analysis. A psoriasis genetic instrument was de-
rivedfromapsoriasisGWASmeta-analysis(36 466cases;458 078
controls). CAD (241 independent variants) and stroke (47 inde-
pendent variants) genetic instruments were derived from
genome-wide significant variants from CAD (181 249 cases;
1 165 690 controls) and stroke (110 182 cases; 1 503 898 con-
trols) GWAS meta-analyses, respectively (eTables 4-6 in
Supplement 2 and eAppendix in Supplement 3). These genetic
instruments were used in both 1- and 2-sample MR. For other
IMIDs, data from the following GWAS meta-analyses were used:
acne (20 165 cases; 595 231 controls),41 atopic dermatitis (60 653
cases; 804 329 controls),42 asthma (19 954 cases; 107 715
controls),43 celiac disease (4533 cases; 10 750 controls),44 Crohn
disease (40 266 cases; 28 072 controls),45 inflammatory bowel
disease (59 957 cases; 34 915 controls),45 multiple sclerosis
(47 429 cases; 68 374 controls),46 rheumatoid arthritis (29 880
cases;73 758controls),47 orulcerativecolitis (33 609cases;45 975
controls).45
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No statistically significant associations were observed for
genetic predictors of psoriasis with CAD (IVW OR, 1.01; 95%
CI, 0.99-1.03; P = .12) or stroke (IVW OR, 1.00; 95% CI, 0.98-
1.02; P = .77) (Table 1 and eTable 7 in Supplement 2).

A significant association was found between genetic pre-
dictors of CAD and psoriasis (IVW OR, 1.07; 95% CI, 1.04-1.10;
P = .003). We also report an association between genetic
predictors of stroke and psoriasis (IVW OR, 1.22; 95% CI, 1.05-
1.41; P = .01) (Table 1 and eTable 7 in Supplement 2). No sta-
tistically significant difference between MR estimates for the
effect of genetic predictors of CAD or stroke on psoriasis was
observed. MR-Steiger directionality testing was conducted to
ensure the directionality of the instrument was for the expo-
sure rather than the outcome, confirming statistically signifi-
cant risk-increasing MR associations (MR-Steiger MR effect P
value for genetic predictors of CAD on psoriasis: 1 × 10−27 and
genetic predictors of stroke on psoriasis: 1 × 10−32), increas-
ing confidence in the reported associations.51 Statistically sig-
nificant MR effects were found for genetic predictors of CAD/
stroke on psoriasis in simple median, weighted median, MR-
PRESSO, and MR-Lasso sensitivity analyses, but no statistically
significant MR effects were found in MR-Egger analyses
(eTable 7 in Supplement 2).

To determine whether the MR effects of genetic predic-
tors of CAD and stroke were shared, multivariable MR was
conducted, adjusting for the effects of the alternative cardio-
vascular trait. The MR effect of genetic predictors of CAD on
psoriasis was no longer statistically significant after adjust-
ing for stroke (CAD IVW MR estimate after adjusting for the
stroke effect: OR, 1.04; 95% CI, 0.98-1.09; P = .21). Equally, the
MR effect of genetic predictors of stroke on psoriasis was no
longer statistically significant after adjusting for CAD (stroke
IVW MR estimate after adjusting for the CAD effect: OR, 1.14;
95% CI, 0.97-1.35; P = .12) (Table 1). These findings indicate a
substantial overlap in these MR effects, suggesting that a shared
cardiovascular effect underlying genetic risk for CAD and stroke
was associated with an increased risk of psoriasis.

To assess the independence of MR effects from key
confounding factors, multivariable MR was performed. In-
cluding 9 key confounding factors in a multivariable model,
individually (eTable 9 in Supplement 2) or collectively (Table 1),

the MR effects remained statistically significant (CAD IVW
estimate after inclusion of all key confounders: OR, 1.06; 95%
CI, 1.01-1.11; P = .02; stroke IVW estimate after inclusion of all
key confounders: OR, 1.17; 95% CI, 1.05-1.29; P = .02). These
findings support the independence of the observed cardio-
vascular MR effects from key confounding factors.

For further in-depth analyses in specific subgroups of the
population, 1-sample MR was performed in the UK Biobank.
The direction of associations between genetic risk for CAD,
stroke, and psoriasis was found to be consistent with the
findings in the 2-sample MR analysis. However, the associa-
tion between genetic predictors of CAD with psoriasis risk
was not statistically significant (IVW OR, 1.04; 95% CI, 0.95-
1.14; P = .40), whereas the association between genetic pre-
dictors of stroke with psoriasis risk was statistically signifi-
cant (IVW OR, 1.27; 95% CI, 1.06-1.50; P = .03) (Table 2; and
eTable 8 in Supplement 2). Aligned with the 2-sample MR
results, no statistically significant associations were observed
for genetic predictors of psoriasis with CAD (IVW OR, 1.01;
95% CI, 0.99-1.03; P = .11) or stroke (IVW OR, 1.01; 95% CI,
0.98-1.04; P = .58) in the 1-sample MR analysis in the UK Bio-
bank. We then explored the presence of sex-specific and
HLA-C*06:02 subgroup–specific differences in MR effects
given the higher prevalence of cardiovascular disease in
females (vs males) with psoriasis55,56 and in those who have
no copies HLA-C*06:02 allele (vs participants carrying 1 or 2
copies of the HLA-C*06:02 allele). No difference in CAD or
stroke MR effects on psoriasis were observed in sex-stratified
or HLA-C*06:02-stratified subgroups (eTables 10 and 11 in
Supplement 2).

Cardiovascular MR Effects and Other Common IMIDs
Having established evidence of an association between ge-
netic predictors of cardiovascular traits and psoriasis, we then
investigated whether risk-increasing cardiovascular MR asso-
ciations were observed in other common IMIDs. No risk-
increasing associations were observed for genetic predictors
of CAD or stroke with acne, atopic dermatitis, asthma, celiac
disease, Crohn disease, inflammatory bowel disease, mul-
tiple sclerosis, rheumatoid arthritis, or ulcerative colitis
(Table 3; and eTable 14 in Supplement 2).

Table 1. Two-Sample Mendelian Randomization Examining the Bidirectional Relationship Between Genetic
Predictors of Psoriasis and Coronary Artery Disease (CAD)/Strokea

Exposure Outcome

Unadjusted
model OR (95%
CI)

Unadjusted
model P
value

CAD-adjusted
OR (95% CI)

CAD-adjusted
P value

Stroke-
adjusted OR
(95% CI)

Stroke-
adjusted P
value

Confounder-
adjusted model
OR (95% CI)b

Confounder-
adjusted
model P
valueb

Psoriasis (109
variants)

CAD 1.01
(0.99-1.03)

.12 NA NA NA NA NA NA

Psoriasis (109
variants)

Stroke 1.00
(0.98-1.02)

.77 NA NA NA NA NA NA

CAD (234
variants)

Psoriasis 1.07
(1.04-1.10)c

.003c 1.04
(0.98-1.09)

.21 NA NA 1.06
(1.01-1.11)c

.02c

Stroke (47
variants)

Psoriasis 1.22
(1.05-1.41)c

.01c NA NA 1.14
(0.97-1.35)

.12 1.17
(1.05-1.29)c

.02c

Abbreviations: NA, not applicable; OR, odds ratio.
a Adjustments for stroke/CAD effects and key confounders assessed using

multivariable MR.
b Key confounders included collectively in a multivariable mendelian

randomization model: body mass index, waist to hip ratio, smoking, systolic
blood pressure, diastolic blood pressure, hemoglobin A1c, total cholesterol,
triglycerides, and low-density lipoprotein cholesterol.

c Statistically significant (P < .05) results.
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Common Medications for Cardiovascular
Disease and Psoriasis
To investigate whether commonly prescribed medications for
cardiovascular disease mediate the observed cardiovascular
MR effects, 1-sample MR was conducted in the UK Biobank,
stratifying for CAD cases and controls. The associations of ge-
netic predictors of CAD or stroke with psoriasis risk were not
significantly different in CAD cases (CAD IVW OR, 0.86; 95%
CI, 0.67-1.12; P = .14; stroke IVW OR, 0.84; 95% CI, 0.53-1.32;
P = .71) compared with CAD controls (CAD IVW OR, 1.02; 95%
CI, 0.93-1.12; P = .66; stroke IVW OR, 1.10; 95% CI, 0.91-1.32;
P = .66) (Table 2; eTable 12 in Supplement 2). Cardiovascular
MR effects on psoriasis were not stronger in participants tak-
ing β-blockers, angiotensin-converting enzyme inhibitors, an-
giotensin receptor blockers, aspirin, or statins, compared with
participants who did not take these medications (eTable 13 in
Supplement 2). These findings collectively suggest that com-
monly prescribed medications for cardiovascular disease are
unlikely to mediate the observed cardiovascular MR effects.

Discussion
Our findings are consistent with genetic predictors of cardio-
vascular disease associating with increased psoriasis risk with

no reciprocal effect. This suggests that pathways influencing
cardiovascular disease risk may also contribute to the causal
biological pathways of psoriasis. Risk-increasing associa-
tions were not observed between cardiovascular disease and
other common IMIDs, indicating that these associations may
be specific to the psoriatic disease context. These findings,
therefore, provide new insights into the pathogenesis of both
psoriasis and cardiovascular disease.

This study applies the most powerful genetic instru-
ments for psoriasis, stroke, and CAD to date to examine the bi-
directional relationship between genetic risk for psoriasis and
cardiovascular disease, maximizing the precision of associa-
tions. We found an association between genetic predictors of
stroke and psoriasis that, to our knowledge, has not been pre-
viously reported. In line with Patrick et al,26 we found a risk-
increasing association between genetic predictors of CAD and
psoriasis. Multivariable MR supported a shared cardiovascu-
lar effect underlying genetic risk for stroke and CAD that is likely
to mediate the observed MR effects. The MR effect point es-
timate was larger for genetic predictors of stroke compared
with CAD on psoriasis in both 1-sample and 2-sample MR ap-
proaches used in our study. Our stroke findings are consis-
tent with those of Ogdie et al11 reporting a comparatively stron-
ger epidemiological association between psoriasis and stroke
(compared with psoriasis and heart disease) in a large popu-

Table 2. One-Sample Mendelian Randomization (MR) Examining the Bidirectional Relationship
Between Genetic Predictors of Psoriasis and Coronary Artery Disease (CAD)/Strokea

Exposure Outcome

UK Biobank

Full cohort (n = 336 806) CAD cases (n = 33 466) CAD controls (n = 303 340)

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
Psoriasis (109 variants) CAD 1.01 (0.99-1.03) .11 NA NA NA NA

Psoriasis (109 variants) Stroke 1.01 (0.98-1.04) .58 NA NA NA NA

CAD (234 variants) Psoriasis 1.04 (0.95-1.14) .40 0.86 (0.67-1.12) .14 1.02 (0.93-1.12) .66

Stroke (47 variants) Psoriasis 1.27 (1.06-1.50)b .03b 0.84 (0.53-1.32) .71 1.10 (0.91-1.32) .66

Abbreviations: NA, not applicable; OR, odds ratio.
a One-sample MR was performed using individual level data on an unrelated

White British subset of UK Biobank participants. CAD (33 466 cases) and
stroke (10 593 cases) cases were indicated by participant self-report at
baseline assessment and/or a primary or secondary diagnosis in linked
in-patient hospital episode statistics and/or death registry diagnosis and/or

relevant procedure codes and/or primary care diagnosis from linked primary
care data. Stratification by CAD status performed to investigate whether
commonly prescribed CAD medications mediate observed cardiovascular MR
associations.

b Statistically significant (P < .05) results.

Table 3. Two-Sample Mendelian Randomization (MR) Examining for Risk-Increasing
MR Associations Between Cardiovascular Traits and Common Immune-Mediated Diseases

Outcome (immune-mediated disease)

Coronary artery disease
(exposure) [234 variants] Stroke (exposure) [47 variants]

OR (95%CI)
One-tailed
P value OR (95% CI)

One-tailed P
value

Atopic dermatitis 1.03 (0.96-1.10) .18 0.91 (0.77-1.08) .86

Acne 0.96 (0.91-1.00) .97 0.92 (0.77-1.09) .85

Asthma 0.97 (0.94-1.01) .92 0.87 (0.80-0.94) >.99

Multiple sclerosis 1.06 (0.94-1.19) .17 0.83 (0.66-1.04) .95

Celiac disease 1.00 (0.99-1.01) .36 0.99 (0.98-1.02) .60

Rheumatoid arthritis 0.92 (0.84-1.01) .95 1.00 (0.81-1.23) .48

Inflammatory bowel disease 0.97 (0.91-1.04) .80 0.95 (0.81-1.13) .71

Crohn disease 0.95 (0.88-1.04) .87 1.00 (0.81-1.24) .49

Ulcerative colitis 0.99 (0.93-1.06) .58 0.92 (0.79-1.09) .83
Abbreviation: OR, odds ratio.
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lation-based longitudinal study. This may indicate that the un-
derlying cardiovascular MR effect with psoriasis may be more
strongly represented in the stroke compared with the CAD ge-
netic instrument. Dissecting the genetic instruments to estab-
lish shared stroke and CAD susceptibility variants that drive
this MR effect on psoriasis is an important future direction to
help investigate which aspects of the shared biology contrib-
ute to increased psoriasis risk.

In MR analyses involving binary or coarsened exposures,
interpretations should consider the liability threshold model.
This model posits that genetic variants impact a continuous
underlying risk that, when a threshold is crossed, manifests
as a binary outcome (eg, disease presence or absence). Our ge-
netic instruments for the lifetime risk of cardiovascular dis-
ease and psoriasis are reflective of this continuous risk, not
merely a binary state. Supported by recent studies,57,58 this ap-
proach underscores that our findings indicate a shared pre-
disposition for both conditions, highlighting their biological
linkage.

These findings challenge 2 prevailing concepts regarding
the link between psoriasis and cardiovascular disease. First,
the strong association between psoriasis and cardiovascular
disease is attributable to the high prevalence of cardio-
vascular risk factors in psoriasis. Many of these risk factors
(eg, increasing levels of adiposity) are part of the composite
diagnosis of metabolic syndrome and are known to be risk
factors for psoriasis.59,60 Our findings suggest that a cardio-
vascular MR effect on psoriasis may account for some of the
epidemiological association observed, and these effects may
be independent of direct effects of several cardiovascular
risk factors. Second, these findings challenge the common
dogma that inflammation from psoriasis exerts a systemic
inflammatory effect that predisposes individuals with pso-
riasis to cardiovascular disease. Although associations with
small effect sizes cannot be entirely ruled out due to inher-
ent limitations in instrument strength and power, our study
found no evidence that genetic predictors of psoriasis were
associated with CAD or stroke in either 1-sample or 2-sample
MR analyses.

The use of genetic instruments to evaluate causal rela-
tionships represents lifetime risk of exposure development
and, thus, provides a measure of predisposition to an out-
come over a lifetime. Our findings may at first seem at odds
with epidemiological studies showing an increased risk of
incident cardiovascular disease in people with psoriasis and
that, generally, cardiovascular disease tends to manifest later
in life when compared with psoriasis onset.61 However, the
processes driving disease development and the clinical mani-
festation of disease are related but temporally distinct. Sev-
eral studies have demonstrated the presence of progression
toward pathological vascular changes from early adulthood in
postmortem examinations from younger adults who died of
natural causes,62,63 demonstrating that subclinical cardiovas-
cular disease is typically present for decades before clinical
symptoms and signs. Our findings are thus consistent with
the notion that the underlying mechanisms contributing to
these cumulative changes are also associated with increased
psoriasis risk.

In this study, we conducted an ancestry-specific analysis
in Europeans. The strength of MR associations in other ances-
tral groups is unknown and will be subject to future work.
Given the substantially higher reported prevalence of cardio-
metabolic comorbidity in severe psoriasis compared with
nonsevere disease,11,16,17 it is possible that the strength of MR
associations may also vary between subgroups defined by
psoriasis severity.

Our findings also point to surprising potential differences
in the biology of common IMIDs. Many IMIDs share underly-
ing immune mechanisms64; however, differences also exist.
For example, the role of helper T cells in inflammation is promi-
nent in atopic diseases such as asthma and atopic dermatitis,65

whereas B cell–mediated autoantibodies play a significant role
in rheumatoid arthritis.66 Our findings suggest that the influ-
ence of biological pathways underpinning cardiovascular dis-
ease may not have the same effect on predisposition to all com-
mon IMIDs. Given that risk-increasing MR associations were
not observed for genetic predictors of CAD or stroke on sev-
eral other common IMIDs, an MR effect in the reverse direc-
tion could explain reported epidemiological associations.67-69

Relationships between genetic predictors of other IMIDs on car-
diovascular disease, as well as the role of potential confound-
ing factors such as smoking and obesity, are important to
investigate in future studies.

Although our study was unable to establish specific mecha-
nisms underlying cardiovascular MR associations, we did not
find evidence of commonly prescribed medications for car-
diovascular disease being mediators of the effects observed.
Future work should focus on understanding the mechanisms
underpinning these cardiovascular MR associations through
dissection of the stroke and CAD genetics instruments, includ-
ing distinguishing the effects of CAD/stroke genes with known
roles in systemic inflammation. Our findings may have impor-
tant implications for the management and prevention of car-
diovascular disease in patients with psoriasis. By providing sup-
portive evidence for an association between genetic predictors
of cardiovascular disease and increased psoriasis risk, our find-
ings could suggest that vigilance in monitoring cardiovascu-
lar health and implementing early interventions (eg, lifestyle
modifications and pharmacotherapy) to reduce the risk of car-
diovascular disease people with psoriasis may also aid psoria-
sis management. Moreover, the identification of shared ge-
netic pathways influencing both psoriasis and cardiovascular
disease provide a deeper understanding of the pathophysiol-
ogy underlying these conditions. This knowledge could help
expedite biomarker discovery to improve cardiovascular risk
prediction in the psoriasis population and lead to the devel-
opment of novel therapeutic strategies that target common in-
flammatory pathways, potentially offering dual benefits in
treating psoriasis and preventing cardiovascular disease.

Limitations
This study’s limitations include the inability to empirically
prove that the second and third instrumental variable assump-
tions have not been violated in MR analyses, as this relies on
investigator judgment.70 Although bidirectional MR pro-
vides valuable insights into reciprocal causal relationships
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between traits, it carries additional assumptions and limita-
tions beyond those of standard unidirectional MR. First, bidi-
rectional MR requires strong, independent genetic instru-
ments free from pleiotropic effects. Weak instruments for either
trait can bias the estimates and reduce the power of the bidi-
rectional MR analysis. However, the use of the most powerful
genetic instruments currently available helped minimize the
impact of this limitation in our study. Second, overlapping co-
horts for estimating the genetic associations with both traits
can introduce bias due to sample overlap, leading to inflated
type I error rates and biased causal estimates. For the main
2-sample MR effects in our study, the results remained sig-
nificant when removing overlapping cohorts from the psoria-
sis GWAS summary data (eTable 15 in Supplement 2). Al-
though our study had sufficient power to detect moderate to
large effects, it may have been underpowered to identify
smaller effect sizes between genetic predictors of cardiovas-
cular disease and common IMIDs such as celiac disease and

multiples sclerosis (eTable 16 in Supplement 1 and eTable 16
in Supplement 2). Future studies with larger sample sizes or
more powerful genetic instruments are required to conclu-
sively address these relationships.

Conclusions
In summary, findings from this mendelian randomization study
suggest that genetic predictors of cardiovascular disease were as-
sociated with increased psoriasis risk with no reciprocal effect or
association with other IMIDs. Considering growing evidence for
the role of inflammation in cardiovascular pathogenesis1,4,6,7,14,71

and the known influential role of inflammatory cellular and cyto-
kine pathways underpinning psoriasis,72 the shared mechanism
linking these traits may have an inflammatory component. Fu-
ture studies should focus on characterizing the mechanism
underlying this cardiovascular effect.
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