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The impact of lifestyle factors on
cardiometabolic comorbidities and
mortality of psoriatic diseases: A

multistate model analysis
Yi Xiao, MD,a,b Songchun Yang, PhD,c Yang Zhang, MPH,d Yixuan Tong, MD,a Danrong Jing, MD,a

Yinli Zhou, MD,a Hui Xiao, MD,a Yehong Kuang, MD,a Minxue Shen, PhD,a,b,d

and Xiang Chen, PhDa,b
Background: The role of lifestyle factors in the progression of psoriatic diseases (PDs) and
cardiometabolic diseases (CMDs) remains underexplored.
Objective: To assess the impact of lifestyle factors on transitions from a disease-free state to PDs, CMDs,
their multimorbidity, and death.
Methods: We analyzed 379,874 UK Biobank participants. Lifestyle factors included smoking status, body
mass index (BMI), physical activity, and diet. An ideal lifestyle was defined as never smoking, BMI\25 kg/
m2, and adequate physical activity. Multistate models were employed to evaluate their impacts on different
transitions.
Results: Over 12.1 years, 2500 PD and 34,619 CMD incident events occurred. An ideal lifestyle showed
protective effects on PD incidence among disease-free individuals, CMD incidence and all-cause
mortality among PD patients, and all-cause mortality among patients with PD and CMD multimorbidity;
the corresponding hazard ratios (95% confidence intervals) were 0.43 (0.36-0.51), 0.40 (0.31-0.53), 0.50
(0.31-0.81), and 0.64 (0.39-1.05), compared with participants who were ever-smokers, BMI $ 25 kg/m2,
and with inadequate physical activity. Ideal lifestyle added up to 5.3 years of life expectancy in PD
participants.
Limitations: No verification in other ascertained population.
Conclusions: Lifestyles are modifiable determinants and nonpharmaceutical strategies for preventing
cardiometabolic comorbidities and mortality of PDs. ( J Am Acad Dermatol 2025;93:715-23.)
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INTRODUCTION
Psoriatic diseases (PDs), including psoriasis and

psoriatic arthritis, are chronic inflammatory
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impacting the quality of life of millions worldwide.3,4

Cardiometabolic diseases (CMDs) encompass inter-
related conditions such as ischemic heart disease,
stroke, and type 2 diabetes (T2D), characterized by
the coexistence of metabolic disorders like obesity,
hypertension, dyslipidemia, and insulin resistance,
which increase the risk of cardiovascular events and
CAPSULE SUMMARY

d There is limited evidence on the
influence of lifestyle factors and genetic
background in the multistate transition
between psoriatic diseases and
cardiometabolic diseases.

d A healthy lifestyle showed protective
effects across all transitions (disease-free,
psoriatic diseases, cardiometabolic
diseases, their multimorbidity, and
death) of psoriatic diseases, highlighting
its potential in disease management.
metabolic complications.5

CMD is a leading cause of
morbidity and mortality
globally, and its prevalence
is rising.6-8

Extensive evidence high-
lights a strong association be-
tween PDs and CMDs, with
psoriasis patients at higher
CMD risk than the general
population.9-12 However,
research on mortality remains
limited.13-15 The chronic sys-
temic inflammation in PDs is
believed to contribute to CMD
pathogenesis.16-18 Genetic
susceptibility loci, including

interleukin (IL) 23 receptor, interferon induced with
helicase C domain 1, endoplasmic reticulum lipid raft-
associated protein 1, tRNA methyltransferase activator
subunit 11-2, and beclin 1, may increase the risk of
early-onset coronary artery disease and T2D.19-22

Elevated proinflammatory cytokines (eg, tumor necro-
sis factor a, IL-6, IL-17) in PD patients promote insulin
resistance, endothelial dysfunction, and atherogene-
sisdkey mechanisms underlying CMDs.23-26 Shared
risk factors, such as obesity, smoking, and sedentary
lifestyle, exacerbate this link by contributing to both PD
onset and CMD progression.27,28

Lifestyle factors such as body mass index (BMI),
smoking status, and physical activity emerged as
critical, modifiable determinants of health across dis-
ease progression. We previously demonstrated that
maintaining a healthy BMI, abstaining from smoking,
and engaging in regular physical activity were protec-
tive against PD incidence.29 Limited literature suggests
that certain healthy lifestyle practices may help reduce
the severity of psoriasis or reverse disease progression,
but few studies have investigated these effects across all
stages of PD progression, from onset to death.30-33

Additionally, emerging evidence suggests gender dif-
ferences in the impact of lifestyle factors on PD and
CMD outcomes, necessitating further exploration of
these effects in men and women separately.34-36
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Despite the recognized association between PDs
and CMDs, there remains a need for a comprehensive
understanding of how genetic predisposition and
lifestyle factors influence the progression from a
disease-free state to PDs, CMDs, their multimorbidity,
and death.32,37 In the present study, we evaluated it in a
large-scale population-based cohort.
ealth and Social Security de Clinica
ación. Copyright ©2025. Elsevier 
METHODS
Study design

The UK Biobank (UKB) is
a prospective cohort study
initiated in 2006 to investigate
genetic, environmental, and
lifestyle factors influencing
chronic diseases. Details of
this cohort have been
described elsewhere.38

Briefly, from 2006-2010,
more than 500,000 partici-
pants aged 40-69 years were
recruited from the United
Kingdom, specifically indi-
viduals registered with the
National Health Service and living within 25 miles of
22 assessment centers across England, Scotland, and
Wales. Participants provided biological samples, un-
derwent baseline assessments, and consented to
long-term health follow-up via electronic health
records.

The present study was conducted under UKB
application (number: 129011). Five transition states
were constructed: (A) disease-free, (B) PDs, (C)
CMDs, (D) PD and CMD multimorbidity, and (E)
death, resulting in 8 transitions (Supplementary Fig
1, A, available via Mendeley at https://data.
mendeley.com/datasets/cyz5k2jnzc/3). PD and
CMD multimorbidity (state D) was defined as the
coexistence of PDs and CMDs in a participant
regardless of the sequence of onset. For
example, a participant could develop PD first and
CMD later (transition 4) or CMD first and PD
later (transition 6). Of 502,387 participants at
baseline, 122,513 were excluded due to missing
data or other reasons, leaving 379,874 participants
(Supplementary Fig 1, B, available via Mendeley
at https://data.mendeley.com/datasets/cyz5k2jnzc/3).
To maximize statistical power, we included
participants with prevalent PDs and/or CMDs
(n = 46,104) at baseline, assigning their initial states
as B, C, or D.
lKey.es por Elsevier en septiembre 08, 
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Abbreviations used:

BMI: body mass index
CI: confidence interval
CMD: cardiometabolic disease
HLS: healthy lifestyle score
HR: hazard ratio
ICD: International Classification of Diseases
IL: interleukin
PD: psoriatic disease
PRS: polygenic risk score
T2D: type 2 diabetes
UKB: UK Biobank
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Assessment of genetic risk and lifestyle factors
of psoriasis

The polygenic risk score (PRS) of psoriasis used in
the present study was the standard PRS released by
the UKB team (field-ID: 26269). Briefly, this PRS was
generated from 4 external GenomeWide Association
Study data containing 8242 cases and 391,074
controls.39 A lower PRS indicates a reduced genetic
risk of developing psoriasis, while a higher PRS
corresponds to an increased risk. Participants were
categorized into lower (below median) and higher
(above median) PRS groups for analysis.

The lifestyle included 4 established factors for
psoriasis: BMI, smoking status, physical activity, and
diet, as described previously.29 BMI was calculated
from measured weight and height, with BMI \ 25
kg/m2 considered healthy. Participants were divided
into never-smokers or ever-smokers. Adequate
physical activity was defined as $ 150 minutes/
week of moderate activity, $ 75 minutes/week of
vigorous activity, or $ 150 minutes/week of com-
bined activity. The healthy diet score (range: 0-4)
was based on intake of fruits, vegetables, fish, and
processed/red meat, with a score [ 2 indicating a
healthy diet. We constructed a healthy lifestyle score
(HLS) (range: 0-3) by summing the presence of 3
protective factors: never smoking, adequate physical
activity, and BMI \ 25 kg/m2. Diet was excluded
from the HLS due to its limited effect in preliminary
analyses. A higher HLS indicates a healthier lifestyle,
with a score of 3 representing ‘‘ideal lifestyle’’, 1-2
‘‘intermediate lifestyle’’, and 0 ‘‘poor lifestyle’’.29

Ascertainment of psoriatic and
cardiometabolic events

Participants were followed for morbidity and
mortality from baseline to December 31, 2020.
Incident events were identified using linked hospital
data in UKB through the International Classification
of Diseases (ICD).38 PDs encompassed both psoria-
sis (all types, including plaque, guttate, and pustular
forms) and psoriatic arthritis, defined using the
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of H
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standard psoriasis endpoint released by the UKB
team (Field-ID: 131742) and psoriatic arthritis
(ICD-10 codes L40.5, M07.0-M07.3, M09.0; ICD-9
code 696.0). CMDs included ischemic heart disease
(ICD-10: I20-I25), stroke (ICD-10: I60-I64), and T2D
(ICD-10: E11, E14), available from standard endpoint
(Supplementary Table I, available via Mendeley at
https://data.mendeley.com/datasets/cyz5k2jnzc/3).

Statistical analysis
Multistatemodelswere used to estimate the effects

of genetic and lifestyle factors on each transition.40

The multistate model extends the competing risk
model by allowing the analysis of multiple disease
states and transitions over time, unlike traditional
survival models that typically focus on a single event
(eg, time to death). This approach is particularly
useful for studying how factors influence different
phases of disease progression, such as transitions
from a disease-free state to PDs, CMDs, their multi-
morbidity, and death.41 In this study, the multistate
model was applied to evaluate 8 transitions across 5
states (Supplementary Fig 1, A, available via
Mendeley at https://data.mendeley.com/datasets/
cyz5k2jnzc/3). The entry date of a disease event
was defined as the diagnosis date. For participants
entering 2 states on the same date, the entry date of
the former state was set as the latter state’s entry date
minus 0.5 days to ensure chronological order.42

All lifestyle factors and the PRS were mutually
adjusted, with gender (women, men), race (White,
non-White), and the Townsend deprivation index
(continuous) as covariates, using age as time scale.
Townsend deprivation index measures socioeco-
nomic deprivation based on 4 variables: unemploy-
ment, noncar ownership, nonhome ownership, and
household overcrowding, with higher scores indi-
cating greater deprivation. It was included as a
confounder due to its established association with
health outcomes, including PDs and CMDs.
Covariates were preselected based on prior knowl-
edge of their associations with PDs, CMDs, and
mortality, ensuring adjustment for potential con-
founding effects. The exposure group was defined
as those with PRS below median, those who were
never-smokers, those who had adequate physical
activity, those who had BMI\ 25 kg/m2, and those
who had a healthy diet score [ 2. Effect sizes are
presented as hazard ratio (HR) and 95% confidence
interval (CI). To explore potential gender differences
in the effects of lifestyle factors, we conducted
subgroup analyses by gender.

We assessed the impact of a healthy lifestyle on
life expectancy in PD patients using a flexible para-
metric survival model with age as the time scale. The
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 08, 
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Table I. Characteristics of the study population

Characteristics Values

No. of participants 379,874
Women, n (%) 198,558 (52.3)
Age, mean (SD) 56.3 (8.1)
White, n (%) 360,966 (95.3)
Healthy lifestyles
Never smoking 208,209 (54.8)
Adequate physical activity 305,502 (80.4)
BMI\ 25 kg/m2 127,347 (33.5)
Healthy diet score[ 2 26,092 (6.9)

State at baseline
State A: disease free 333,770
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remaining life expectancy was estimated as the area
under the survival curve to 100 years, with survival
ages ranging from 45 to 100 years (1-year intervals).
The number of life years gained or lost was calcu-
lated as the difference in area under the survival
curves between lifestyle groups.

The multistate model was performed using the
‘‘mstate’’ package in R. Life expectancy was calcu-
lated using the ‘‘stpm2’’ command in Stata, with
restricted splines to model baseline cumulative risk.
Analyses were conducted with Stata (V18.0,
StataCorp) and R (V4.2.0). All statistical tests were
2-sided with a = 0.05.
State B: PD only 6002
State C: CMD only 37,521
State D: PD 1 CMD 2581

Incident events
PD (among state A)* 2500
CMD (among state A)* 34,619
PD 1 CMD (among state A, B,
and C)y

1911

Death (among all states)z 23,621

BMI, Body mass index; CMD, cardiometabolic disease; PD, psoriatic

disease; SD, standard deviation.

*Only the first PD or CMD was counted. For example, if a PD event

was recorded after a CMD event, it will be classified as a

multimorbidity (PD 1 CMD) event but not a PD event.
yIncluding 1190 subsequent CMD events after PD (among state B),

681 subsequent PD events after CMD (among state C), and 40

events that are unable to determine the order of CMD and PD

(among state A).
z

RESULTS
Description of PD progression

We included 379,874 participants, of whom 52.3%
were women, with a mean age of 56.3
(standard deviation = 8.1) years and 95.3% were
White (Table I). During a mean follow-up of 12.1
(standard deviation = 1.7) years, we recorded 2500
incident PD events (transition 1), 34,619 incident
CMD events (transition 2), 11,653 deaths without
PDs or CMDs (transition 3), 1190 subsequent CMD
events after PDs (transition 4), 370 deaths after
PDs (transition 5), 681 subsequent PD events after
CMDs (transition 6), 11,076 deaths after CMDs
(transition 7), and 522 deaths with PDs and CMDs
(transition 8).
Including 11,653 deaths without PD or CMD (among state A), 370

deaths after PD (among state B), 11,076 deaths after CMD (among

state C), and 522 deaths with PD and CMD (among state D).
Effects of different lifestyles on PD
progression

We focused on PD-related transitions (1, 4, 5, and
8) using multistate models (Fig 1). From disease-free
to PD, PRS below median, never-smoking, and BMI
\ 25 kg/m2 were associated with lower risk of PD
incidence, with HRs of 0.62 (95% CI: 0.57-0.67), 0.66
(95% CI: 0.61-0.71), and 0.77 (95% CI: 0.71-0.84),
respectively. Among participants with PDs, never
smoking, adequate physical activity, and BMI\ 25
kg/m2 were associated with a lower risk of CMD
incidence (HR: 0.81 [95%CI: 0.72-0.91], HR: 0.84 [95%
CI: 0.74-0.97], and HR: 0.59 [95% CI: 0.51-0.69],
respectively). Never smoking and adequate physical
activity were also associated with lower all-cause
mortality in PD patients, while lower BMI increased
mortality risk, particularly in those with both PD and
CMD (HR: 1.38; 95% CI: 1.10-1.75) (Fig 1;
Supplementary Table II, available via Mendeley at
https://data.mendeley.com/datasets/cyz5k2jnzc/3).
In sensitivity analysis,weonly considered cutaneous-
only psoriasis and the results showed little changes
(Supplementary Table III, available via Mendeley at
https://data.mendeley.com/datasets/cyz5k2jnzc/3).
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Subgroup analyses
In gender-stratified subgroup analyses for transi-

tion 5 (PD/ death), lower BMI was associated with
higher all-cause mortality in men (HR: 1.76; 95% CI:
1.31-2.37), but not in women (HR: 0.81, 95% CI: 0.58-
1.13). The interaction analysis test suggested the
effect of BMI on mortality might differ significantly
between genders (Pinteraction = 0.0011). Similarly, the
protective effect of lower BMI on CMD incidence
was stronger in women (Pinteraction \ 0.0001). No
other significant gender differences were observed
(Supplementary Table IV, available via Mendeley at
https://data.mendeley.com/datasets/cyz5k2jnzc/3).

Effect of overall healthy lifestyle on PD
progression

While adhering to all healthy lifestyles is chal-
lenging, a relatively healthy lifestyle, as measured by
the HLS, may reduce risks (see Methods for HLS
definition). In multistate models, compared with
‘‘poor lifestyle’’ (HLS = 0), ‘‘ideal lifestyle’’ (HLS =
3) was associated with a lower risk of PD
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 08, 
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Factors
Disease free −> PD
    PRS below median 
    Never smoker
    Adequate physical activity
    BMI < 25 kg/m2

    Healthy diet score > 2
PD −> PD + CMD
    PRS below median 
    Never smoker
    Adequate physical activity
    BMI < 25 kg/m2

    Healthy diet score > 2
PD −> Death
    PRS below median 
    Never smoker
    Adequate physical activity
    BMI < 25 kg/m2

    Healthy diet score > 2
PD + CMD −> Death
    PRS below median 
    Never smoker
    Adequate physical activity
    BMI < 25 kg/m2

    Healthy diet score > 2

HR (95% CI)

0.62 (0.57, 0.67)
0.66 (0.61, 0.71)
0.94 (0.85, 1.03)
0.77 (0.71, 0.84)
1.08 (0.93, 1.26)

0.94 (0.83, 1.07)
0.81 (0.72, 0.91)
0.84 (0.74, 0.97)
0.59 (0.51, 0.69)
0.81 (0.62, 1.04)

0.92 (0.74, 1.16)
0.65 (0.52, 0.81)
0.80 (0.63, 1.02)
1.22 (0.98, 1.53)
1.09 (0.73, 1.62)

0.98 (0.81, 1.19)
0.66 (0.54, 0.81)
0.75 (0.62, 0.90)
1.38 (1.10, 1.75)
0.94 (0.64, 1.36)

0.50 0.75 1.0 1.5 2.0
Hazard ratio

Fig 1. Effects of genetic and lifestyle factors for the trajectory of psoriatic and cardiometabolic
multimorbidity. All lifestyle factors were mutually adjusted, with gender (women, men), race
(White, non-White), and the Townsend index (continuous) as covariates and age as time scale.
We omitted the results of transitions 2, 3, 6, and 7. For detailed results of these transitions,
please refer to Supplementary Table II, available via Mendeley at https://data.mendeley.com/
datasets/cyz5k2jnzc/3. BMI, Body mass index; CI, confidence interval; CMD, cardiometabolic
disease; HR, hazard ratio; PD, psoriatic disease.
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incidence (HR: 0.43; 95% CI: 0.36-0.51). Among
participants with PDs, the corresponding HRs
were 0.40 (95% CI: 0.31-0.53) for CMD incidence
and 0.50 (95% CI: 0.31-0.81) for all-cause mortal-
ity. Among those with comorbid PDs and CMDs,
the corresponding HR was 0.64 (0.39-1.05) for all-
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of H
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cause mortality. Per score increase in HLS was
associated with lower risks of disease incidence
or cause mortality in all transitions (P \ .05)
(Fig 2; Supplementary Table V, available via
Mendeley at https://data.mendeley.com/datasets/
cyz5k2jnzc/3).
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Fig 2. The lifestyle score and the trajectory of psoriatic and cardiometabolic multimorbidity.
The healthy lifestyle score was calculated by summing the number of healthy lifestyle factors
among never smoking, adequate physical activity, and BMI\ 25 kg/m2, ranging from 0 to 3.
The model was adjusted for gender (women, men), race (White, non-White), Townsend index
(continuous), and genetic risk score of psoriasis (continuous), and age served as the time scale.
Results for transitions 2, 3, 6, and 7 are omitted. For detailed results of these transitions, please
refer to Supplementary Table V, available via Mendeley at https://data.mendeley.com/datasets/
cyz5k2jnzc/3. BMI, Body mass index; CI, confidence interval; CMD, cardiometabolic disease;
HR, hazard ratio; PD, psoriatic disease.
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Impact of healthy lifestyle on life years in
patients with PDs

We categorized the HLS into ideal (3), intermedi-
ate (2), and poor (0-1) lifestyles. In participants with
PD alone, ideal lifestyles were associated with
longer life expectancy (up to 3.7 years gained)
compared with poor lifestyles across different age
groups (Fig 3, A; Supplementary Table VI, available
via Mendeley at https://data.mendeley.com/datasets/
cyz5k2jnzc/3). The protective effect was more
pronounced in those with comorbid CMDs, with up
to 5.3 years of life gained (Fig 3, B).

DISCUSSION
This study underscores the significant role of both

genetic predisposition and lifestyle factors in the
progression from a disease-free state to PDs, CMDs,
and their multimorbidity. A crucial finding is that
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of H
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while genetic risk predicts PD incidence, modifiable
lifestyle factors consistently determine outcomes
across all disease transitions.

While prior studies link genetics to psoriasis inci-
dence and severity,43-45 few studies have adequately
addressed the relationship between genetic predispo-
sition and mortality risk in psoriatic patients. By using
the PRS, we confirm a higher genetic predisposition
increases the risk of PD onset, but it does not
significantly affect transitions from PD to CMDor death
once PD has occurred. The detrimental effects on the
onset of PDs align with genetics as a nonmodifiable
factor in PD etiology.

Unlike genetics, lifestyle factors (BMI, smoking,
and physical activity) consistently influence all PD
progression stages, reducing incidence and multi-
morbidity risk, aligning with their established role in
reducing PD incidence.29,31-33 This underscores the
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 08, 
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Fig 3. Gained years of life attributable to healthy lifestyle in participants with psoriatic disease.
(A) PD without CMD. (B) PD with CMD. The lines signify the point estimates, and the bands
signify 95% confidence intervals. Ideal, intermediate, and poor lifestyles were defined by the
healthy lifestyle score using cutoffs of 1, 2, and 3, and poor lifestyle was treated as the reference
group. The number of life year gain (ie, the difference in life expectancy) was calculated as the
difference in area under the survival curves between different lifestyle groups. For estimates in
certain age groups (45, 55, and 65 years), please refer to Supplementary Table VI, available via
Mendeley at https://data.mendeley.com/datasets/cyz5k2jnzc/3. CMD, Cardiometabolic dis-
ease; PD, psoriatic disease.
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potential of lifestyle interventions to be associated
with lower multimorbidity risk and better long-term
outcomes in individuals with or at risk of PDs, with
implications for public health strategies.

Furthermore, an ideal lifestyle (HLS = 3) increased
life expectancy compared to a poor lifestyle in PD
patients, with this effect being particularly pro-
nounced in those with comorbid CMDs. The HLS
reinforces the importance of comprehensive lifestyle
management, showing that each additional healthy
behavior was associated with a substantial reduction
in the risk of PDs, CMDs, and all-cause mortality,
even among those with high genetic risk. The
syndemic between CMDs and PDs contributes to
adverse outcomes, making lifestyle interventions a
critical focus. These findings indicate a strong asso-
ciation between healthier lifestyles and reduced risks
of PDs, CMDs, and mortality, positioning lifestyle
factors as key modifiable targets for disease preven-
tion with implications for public health.

We observed gender-specific BMI effects on PD all-
cause mortality. In men, lower BMI was linked to an
increased risk of mortality, but not in women. The
obesity paradox may explain this finding, as higher
BMI providesmetabolic reserves that improve survival
in chronic conditions, particularly in men, as
frequently reported in studies on cardiovascular dis-
eases.46,47 Hormonal differences and body composi-
tion variations may also contribute, as women may
have higher adiposity at similar BMI, potentially
offering greater protection against cachexia in
PDs.48,49 However, unmeasured factors like choles-
terol levels or specific causes of death in this subgroup
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of H
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may limit this inference. We do not recommend
increasing BMI through unhealthy diets, which re-
quires further investigation in randomized trials. These
findings underscore the complexity of BMI as an
indicator and highlight the necessity of personalized
approaches in managing patients with PDs and CMDs.

While our study contributes insights, certain limita-
tions should be considered. The use of self-reported
lifestyle data may introduce recall bias, potentially
impacting result accuracy. We used baseline lifestyle
factors without accounting for changes during follow-
up, which might underestimate associations but help
avoid reversed causation from lifestyle change post-
disease onset.50,51 The 95.3% White cohort limited the
generalizability of our findings to diverse populations.
Finally, the sample size constraints precluded us from
conducting robust separate analyses for psoriatic
arthritis from cutaneous-only psoriasis.

CONCLUSION
Although genetic predisposition influences PD

onset, modifiable lifestyle factors are key determinants
of health across all stages of PDprogression. Clinicians
should prioritize smoking cessation, weight manage-
ment, and physical activity in PD management,
integrating lifestyle counseling into routine care to
reduce PD incidence, cardiometabolic comorbidities,
andmortality. Public health initiatives should promote
these interventions to enhance long-term outcomes
and life expectancy in PD patients.

Conflicts of interest

None disclosed.
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 08, 
ación. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.

https://data.mendeley.com/datasets/cyz5k2jnzc/3


J AM ACAD DERMATOL

SEPTEMBER 2025
722 Xiao et al
REFERENCES

1. Armstrong AW, Read C. Pathophysiology, clinical presentation,

and treatment of psoriasis: a review. Jama. 2020;323:1945-1960.

2. Veale DJ, Fearon U. The pathogenesis of psoriatic arthritis.

Lancet. 2018;391:2273-2284.

3. Griffiths CEM, Armstrong AW, Gudjonsson JE, Barker J. Psori-

asis. Lancet. 2021;397:1301-1315.

4. FitzGerald O, Ogdie A, Chandran V, et al. Psoriatic arthritis. Nat

Rev Dis Primers. 2021;7:59.

5. Sattar N, Gill JMR, Alazawi W. Improving prevention strategies

for cardiometabolic disease. Nat Med. 2020;26:320-325.

6. Tahir UA, Gerszten RE. Molecular biomarkers for cardiometa-

bolic disease: risk assessment in young individuals. Circ Res.

2023;132:1663-1673.

7. Miranda JJ, Barrientos-Guti�errez T, Corvalan C, et al. Under-

standing the rise of cardiometabolic diseases in low- and

middle-income countries. Nat Med. 2019;25:1667-1679.

8. Mehta NK, Abrams LR, Myrskyl€a M. US life expectancy stalls

due to cardiovascular disease, not drug deaths. Proc Natl Acad

Sci USA. 2020;117:6998-7000.

9. Garshick MS, Ward NL, Krueger JG, Berger JS. Cardiovascular

risk in patients with psoriasis: JACC review topic of the week. J

Am Coll Cardiol. 2021;77:1670-1680.

10. Liu L, Cai XC, Sun XY, et al. Global prevalence of metabolic

syndrome in patients with psoriasis in the past two decades:

currentevidence. J EurAcadDermatol Venereol. 2022;36:1969-1979.

11. Takeshita J, Grewal S, Langan SM, et al. Psoriasis and comorbid

diseases: epidemiology. J Am Acad Dermatol. 2017;76:377-390.

12. Teklu M, Parel PM, Mehta NN. Psoriasis and cardiometabolic

diseases: the impact of inflammation on vascular health.

Psoriasis (Auckl). 2021;11:99-108.

13. Skov L, Thomsen SF, Kristensen LE, Dodge R, Hedegaard MS,

Kjellberg J. Cause-specific mortality in patients with psoriasis

and psoriatic arthritis. Br J Dermatol. 2019;180:100-107.

14. Horreau C, Pouplard C, Brenaut E, et al. Cardiovascular

morbidity and mortality in psoriasis and psoriatic arthritis: a

systematic literature review. J Eur Acad Dermatol Venereol.

2013;27(Suppl 3):12-29.

15. Mehta NN, Azfar RS, Shin DB, Neimann AL, Troxel AB,

Gelfand JM. Patients with severe psoriasis are at increased

risk of cardiovascular mortality: cohort study using the General

Practice Research Database. Eur Heart J. 2010;31:1000-1006.

16. Ferguson LD, Siebert S, McInnes IB, Sattar N. Cardiometabolic

comorbidities in RA and PsA: lessons learned and future

directions. Nat Rev Rheumatol. 2019;15:461-474.

17. Svedbom A, Mallbris L, Gonz�alez-Cantero �A, et al. Skin

inflammation, systemic inflammation, and cardiovascular dis-

ease in psoriasis. JAMA Dermatol. 2025;161:81-86.

18. Egeberg A, Skov L, Joshi AA, et al. The relationship between

duration of psoriasis, vascular inflammation, and cardiovascu-

lar events. J Am Acad Dermatol. 2017;77:650-656.e3.

19. Patrick MT, Li Q, Wasikowski R, et al. Shared genetic risk factors

and causal association between psoriasis and coronary artery

disease. Nat Commun. 2022;13:6565.

20. PatrickMT, Stuart PE, ZhangH, et al. Causal relationshipand shared

genetic loci between psoriasis and type 2 diabetes through trans-

disease meta-analysis. J Invest Dermatol. 2021;141:1493-1502.

21. Koch M, Baurecht H, Ried JS, et al. Psoriasis and cardiometa-

bolic traits: modest association but distinct genetic architec-

tures. J Invest Dermatol. 2015;135:1283-1293.

22. Piaserico S, Orlando G, Messina F. Psoriasis and cardiometa-

bolic diseases: shared genetic and molecular pathways. Int J

Mol Sci. 2022;23.

23. Egeberg A, Gisondi P, Carrascosa JM, Warren RB, Mrowietz U.

The role of the interleukin-23/Th17 pathway in cardiometabolic
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of H
2025. Para uso personal exclusivamente. No se permiten otros usos sin autoriz
comorbidity associated with psoriasis. J Eur Acad Dermatol

Venereol. 2020;34:1695-1706.

24. Hotamisligil GS, Shargill NS, Spiegelman BM. Adipose expres-

sion of tumor necrosis factor-alpha: direct role in obesity-

linked insulin resistance. Science. 1993;259:87-91.

25. Palermo BJ, Wilkinson KS, Plante TB, et al. Interleukin-6,

diabetes, and metabolic syndrome in a biracial cohort: the

reasons for geographic and racial differences in stroke cohort.

Diabetes Care. 2024;47:491-500.

26. Nguyen H, Chiasson VL, Chatterjee P, Kopriva SE, Young KJ,

Mitchell BM. Interleukin-17 causes Rho-kinase-mediated endothe-

lial dysfunction andhypertension.Cardiovasc Res. 2013;97:696-704.

27. Lin IC, Heck JE, Chen L, Feldman SR. Psoriasis severity and

cardiometabolic risk factors in a representative US national

study. Am J Clin Dermatol. 2021;22:719-730.

28. Jin JQ, Elhage KG, Spencer RK, et al. Mendelian randomization

studies in psoriasis and psoriatic arthritis: a systematic review.

J Invest Dermatol. 2023;143:762-776.e3.

29. Shen M, Xiao Y, Jing D, et al. Associations of combined lifestyle

and genetic risks with incident psoriasis: a prospective cohort

study among UK Biobank participants of European ancestry. J

Am Acad Dermatol. 2022;87:343-350.

30. Mahil SK, McSweeney SM, Kloczko E, McGowan B, Barker JN,

Smith CH. Does weight loss reduce the severity and incidence

of psoriasis or psoriatic arthritis? A Critically Appraised Topic.

Br J Dermatol. 2019;181:946-953.

31. Schmitt-Egenolf M. Physical activity and lifestyle improvement

in the management of psoriasis. Br J Dermatol. 2016;175:452-

453.

32. Danielsen K. Increased risk of death in patients with psoriasis:

disease or lifestyle? Br J Dermatol. 2019;180:3-4.

33. Xie W, Huang H, Deng X, Gao D, Zhang Z. Modifiable lifestyle

and environmental factors associated with onset of psoriatic

arthritis in patients with psoriasis: a systematic review and

meta-analysis of observational studies. J Am Acad Dermatol.

2021;84:701-711.

34. Goldburg S, Chen R, Langholff W, et al. Sex differences in

moderate to severe psoriasis: analysis of the psoriasis longi-

tudinal assessment and registry. J Psoriasis Psoriatic Arthritis.

2022;7:132-139.

35. Tarannum S, Leung YY, Johnson SR, et al. Sex- and gender-

related differences in psoriatic arthritis. Nat Rev Rheumatol.

2022;18:513-526.

36. Agarwala A, Michos ED, Samad Z, Ballantyne CM, Virani SS. The

use of sex-specific factors in the assessment of women’s

cardiovascular risk. Circulation. 2020;141:592-599.

37. Dand N, Ramessur R. New analyses exploring multimorbidity

in psoriasis. Br J Dermatol. 2024;190:299-300.

38. Sudlow C, Gallacher J, Allen N, et al. UK biobank: an open access

resource for identifying the causes of a wide range of complex

diseases of middle and old age. Plos Med. 2015;12:e1001779.

39. Thompson DJ, Wells D, Selzam S, et al. UK Biobank release and

systematic evaluation of optimised polygenic risk scores for 53

diseases and quantitative traits. medRxiv. 2022:2022.06.

16.22276246.

40. Putter H, Fiocco M, Geskus RB. Tutorial in biostatistics:

competing risks and multi-state models. Stat Med. 2007;26:

2389-2430.

41. de Wreede LC, Fiocco M, Putter H. The mstate package for

estimation and prediction in non- and semi-parametric multi-

state and competing risks models. Comp Methods Programs

Biomed. 2010;99:261-274.

42. Han Y, Hu Y, Yu C, et al. Lifestyle, cardiometabolic disease, and

multimorbidity in a prospective Chinese study. Eur Heart J.

2021;42:3374-3384.
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 08, 
ación. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0190-9622(25)02134-6/sref1
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref1
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref2
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref2
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref3
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref3
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref4
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref4
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref5
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref5
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref6
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref6
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref6
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref7
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref7
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref7
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref7
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref8
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref8
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref8
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref8
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref9
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref9
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref9
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref10
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref10
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref10
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref11
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref11
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref12
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref12
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref12
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref13
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref13
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref13
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref14
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref14
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref14
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref14
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref15
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref15
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref15
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref15
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref16
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref16
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref16
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref17
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref17
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref17
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref17
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref17
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref18
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref18
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref18
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref19
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref19
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref19
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref20
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref20
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref20
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref21
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref21
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref21
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref22
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref22
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref22
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref23
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref23
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref23
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref23
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref24
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref24
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref24
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref25
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref25
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref25
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref25
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref26
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref26
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref26
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref27
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref27
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref27
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref28
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref28
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref28
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref29
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref29
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref29
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref29
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref30
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref30
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref30
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref30
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref31
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref31
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref31
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref32
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref32
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref33
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref33
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref33
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref33
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref33
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref34
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref34
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref34
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref34
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref35
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref35
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref35
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref36
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref36
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref36
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref37
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref37
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref38
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref38
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref38
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref39
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref39
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref39
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref39
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref40
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref40
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref40
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref41
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref41
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref41
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref41
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref42
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref42
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref42


J AM ACAD DERMATOL

VOLUME 93, NUMBER 3
Xiao et al 723
43. H�ebert HL, Ali FR, Bowes J, Griffiths CE, Barton A, Warren RB.

Genetic susceptibility to psoriasis and psoriatic arthritis:

implications for therapy. Br J Dermatol. 2012;166:474-482.

44. Tsoi LC, Stuart PE, Tian C, et al. Large scale meta-analysis

characterizes genetic architecture for common psoriasis

associated variants. Nat Commun. 2017;8:15382.

45. Patrick MT, Stuart PE, Raja K, et al. Genetic signature to provide

robust risk assessment of psoriatic arthritis development in

psoriasis patients. Nat Commun. 2018;9:4178.

46. Tutor AW, Lavie CJ, Kachur S, Milani RV, Ventura HO. Updates

on obesity and the obesity paradox in cardiovascular diseases.

Prog Cardiovasc Dis. 2023;78:2-10.

47. Dram�e M, Godaert L. The obesity paradox and mortality in

older adults: a systematic review. Nutrients. 2023;15:178.
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of H
2025. Para uso personal exclusivamente. No se permiten otros usos sin autoriz
48. Goossens GH, Jocken JWE, Blaak EE. Sexual dimorphism in

cardiometabolic health: the role of adipose tissue, muscle and

liver. Nat Rev Endocrinol. 2021;17:47-66.

49. Lau ES, Binek A, Parker SJ, et al. Sexual dimorphism in

cardiovascular biomarkers: clinical and research implications.

Circ Res. 2022;130:578-592.

50. Rezende LFM, Ferrari G, Lee DH, et al. Lifestyle risk factors and

all-cause and cause-specific mortality: assessing the influence of

reverse causation in a prospective cohort of 457,021 US adults.

Eur J Epidemiol. 2022;37:11-23.

51. Lyu JQ, Miao MY, Wang JM, et al. Consumption of total

and specific alcoholic beverages and long-term risk of

gout among men and women. JAMA Netw Open. 2024;7:

e2430700.
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 08, 
ación. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0190-9622(25)02134-6/sref43
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref43
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref43
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref43
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref44
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref44
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref44
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref45
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref45
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref45
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref46
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref46
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref46
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref47
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref47
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref47
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref48
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref48
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref48
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref49
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref49
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref49
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref50
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref50
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref50
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref50
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref51
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref51
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref51
http://refhub.elsevier.com/S0190-9622(25)02134-6/sref51

	The impact of lifestyle factors on cardiometabolic comorbidities and mortality of psoriatic diseases: A multistate model an ...
	Introduction
	Methods
	Study design
	Assessment of genetic risk and lifestyle factors of psoriasis
	Ascertainment of psoriatic and cardiometabolic events
	Statistical analysis

	Results
	Description of PD progression
	Effects of different lifestyles on PD progression
	Subgroup analyses
	Effect of overall healthy lifestyle on PD progression
	Impact of healthy lifestyle on life years in patients with PDs

	Discussion
	Conclusion
	Conflicts of interest
	References


