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Psoriasis has been associated with cardiovascular
risk, but the combined association of psoriasis and
cardiovascular-kidney-metabolic (CKM) syndrome
with mortality remains unclear. This study examined
the individual and joint associations of CKM
syndrome and self-reported psoriasis with all-
cause and cardio-cerebrovascular disease (CCD)
mortality among 9,598 U.S. adults aged ≥20 years
from NHANES 2003–2006 and 2009–2014. CKM
syndrome stages were defined according to the
2023 American Heart Association framework, and
psoriasis was assessed by self-reported physician
diagnosis. Mortality was ascertained through linkage
to the National Death Index through 2019. During
a median follow-up of 9.3 years, 860 deaths
occurred. Advanced CKM syndrome was associated
with higher all-cause mortality (HR=3.67; 95%
CI: 3.00–4.50) and CCD mortality (HR=8.16; 95%
CI: 5.42–12.28). Psoriasis was also associated
with higher all-cause mortality (HR=2.06; 95% CI:
1.47–2.90) and CCD mortality (HR=2.69; 95% CI:
1.42–5.08). Participants with both advanced CKM
syndrome and psoriasis had the highest observed
risks of all-cause mortality (HR=7.09; 95% CI:
4.93–10.19) and CCD mortality (HR=16.47; 95%
CI: 7.26–37.33). Formal interaction testing did
not show significant multi-plicative interaction for
all-cause mortality (p for interaction=0.16) or CCD
mortality (p for interaction=0.80). These findings
suggest that coexisting advanced CKM syndrome
and psoriasis may identify adults with particularly
elevated mortality risk.
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Psoriasis, which is also known as chronic plaque
psoriasis or psoriasis vulgaris, is a persistent

inflammatory skin disorder that affects approximately

3.0% of adults in the United States (1). Beyond
its visible cutaneous manifestations, psoriasis
is increasingly recognized as a systemic condition
associated with immune dysregulation and chronic
low-grade inflammation (2). Emerging evidence
suggests that psoriatic inflammatory cells contribute to
vascular dysfunction and atherogenesis and supports the
notion of psoriasis as an independent cardiovascular
risk factor (3). A wide range of comorbidities have
been associated with psoriasis, including cardiovascular,
metabolic, gastrointestinal, pulmonary and renal
diseases, as well as cancers (4). These comorbid
conditions contribute substantially to the overall disease
burden and are linked to an elevated risk of mortality,
particularly among individuals with severe forms of
psoriasis.

Cardiovascular-kidney-metabolic (CKM) syndrome
is a recently proposed framework by the American
Heart Association (AHA) in 2023 to describe the
interconnected pathophysiology and clinical burden of
cardiovascular, renal and metabolic diseases (5). CKM
syndrome emphasizes the shared mechanisms of chronic
inflammation, endothelial dysfunction and metabolic
dysregulation that contribute to adverse outcomes
across these organ systems. Noncommunicable diseases
are projected to become the dominant contributors
to the global health burden between 2022 and
2050 (6). Among these, key elements of the CKM
syndrome constitute the leading causes of death
worldwide, including CVD, CKD (6). There are strong
interrelationships among the 5 CKM components. In a
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retrospective cohort from Taiwan, nearly half (44.4%)
of participants with at least one CKM component
exhibited 2 or more components, 22.9% had 3 or more
and 7.8% had 4 or more components (7). More than
1 in 4 adults in the US were found to have at least
one cardiac, renal and metabolic condition, while nearly
one in ten had overlapping cardiac, renal and metabolic
conditions (8).

The potential association between psoriasis and
vascular events was first recognized in 1973 (9).
McDonald and Calabresi were the first to report that
hospitalized patients with psoriasis had a 2.2-fold
higher risk of vascular diseases compared to individuals
with other skin disorders (10). The prevalence of
metabolic syndrome among individuals with psoriasis
has been reported to range between 20% and 50%,
which is up to threefold higher than that observed
in the general population (11, 12). Coronary artery
disease (CAD) has been reported to occur with higher
prevalence in individuals with psoriasis (13). Notably,
myocardial infarction may represent the initial clinical
presentation of CAD in these patients. Conversely, an
increased prevalence of psoriasis has also been observed
among patients diagnosed with CAD (14). Plenty of
components of CKM syndrome, including obesity,
type 2 diabetes, dyslipidaemia, nonalcoholic fatty liver
disease and cardiovascular disease, are highly prevalent
among individuals with psoriasis (15). Therefore,
there might be a strong association between psoriasis
and cardiometabolic disorders. The coexistence of
cardiometabolic syndrome may exacerbate systemic
inflammation and further contribute to the increased
cardiovascular risk observed in psoriasis. Understanding
this interaction is crucial, as it could inform targeted
risk stratification and management strategies for patients
with psoriasis.

However, prior evidence has largely focused on
cardiovascular risk in psoriasis or CKM-related
outcomes in isolation. Given the widespread prevalence
of CKM syndrome in the general population, the joint
influence of psoriasis and CKM syndrome is still
unclear. Therefore, this study was aimed to investigate
the interplay between psoriasis, CKM syndrome and
mortality risk using data from the National Health and
Nutrition Examination Survey (NHANES). Specifically,
we sought to evaluate the impact of psoriasis, alone and
in combination with CKM components on all-cause and
cardio-cerebrovascular disease (CCD) mortality.

METHODS

Study population

This study was based on data from the National
Health and Nutrition Examination Survey (NHANES),
a nationally representative survey conducted by the
Centers for Disease Control and Prevention (CDC).

We included participants from the fasting subsample
of NHANES 2003–2006 and 2009–2014 cycles, during
which data on cardiovascular, kidney and metabolic
biomarkers; psoriasis status; and mortality linkage were
available. All NHANES protocols were approved by the
National Center for Health Statistics (NCHS) Research
Ethics Review Board, and written informed consent was
obtained from all participants.

The flow of participant selection is shown in Fig.
1. A total of 14,754 individuals were identified from
the fasting subsample. After excluding participants
aged <20 years and those with missing psoriasis
data (n=4,840), 9,914 individuals remained. We
further excluded pregnant participants (n=305) and
those without follow-up mortality information (n=11),
resulting in a final analytic sample of 9,598 participants.

Definition of cardiovascular-kidney-metabolic syndrome

CKM syndrome stages were defined according to
the 2023 AHA Presidential Advisory (16), with
modifications based on data availability in NHANES
(17). Participants were classified into 5 mutually
exclusive stages (Stage 0 to Stage 4) based on
the presence and severity of metabolic risk factors,
kidney function and cardiovascular disease status.
Stage 0 included individuals with no metabolic risk
factors. Stage 1 indicated excess or dysfunctional
adiposity without additional metabolic abnormalities.
Stage 2 represented the presence of metabolic risk
factors or moderate-to-high-risk chronic kidney disease
(CKD). Stage 3 reflected subclinical cardiovascular

Fig. 1. Flowchart of participant selection.
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disease or very high-risk CKD, and Stage 4 included
individuals with clinically established cardiovascular
disease. Detailed definitions and classification criteria
are presented in Table SI. Consistent with a prior
study by Aggarwal et al. (17), individuals in Stage
3 or 4 were further categorized as having advanced
CKM syndrome, representing those with subclinical or
established cardiovascular involvement and/or severe
kidney dysfunction.

Assessment of psoriasis status

Psoriasis was defined based on participants’ self-
reported responses to the question, “Has a doctor
or other health professional ever told you that you
had psoriasis?” Individuals who answered “yes” were
classified as having psoriasis, while those who answered
“no” were considered not to have psoriasis. Participants
with missing responses to this question were excluded
from the analysis. This information was obtained from
the dermatology questionnaire administered during the
NHANES 2003–2006 and 2009–2014 survey cycles.

Outcome variables

The primary outcome was all-cause mortality. The
secondary outcome was cardio-cerebrovascular (CCD)
mortality, defined as death due to cardiovascular disease
or cerebrovascular disease. Mortality status and cause of
death were ascertained through linkage to the National
Death Index (NDI), with follow-up through December
31, 2019. Causes of death were classified using the
International Classification of Diseases, 10th Revision
(ICD-10). Cardiovascular mortality included underlying
causes coded as I00–I09, I11, I13 and I20–I51, and
cerebrovascular mortality included codes I60–I69.

Assessment of covariates

Relevant covariates were selected a priori based on
prior evidence linking them to mortality (18–20).
Demographic variables included age (20–39, 40–59 or
≥60 years), sex and race/ethnicity (non-Hispanic White,
non-Hispanic Black or other). Socioeconomic factors
included education level (less than high school, high
school or above high school) and the family poverty
income ratio (PIR), calculated as the ratio of total family
income to the federal poverty threshold, categorized
as ≤1.0, 1.1–3.0 or >3.0. Smoking status was self-
reported and categorized as never (<100 cigarettes
in a lifetime), former (≥100 cigarettes lifetime but
not currently smoking) or current smoker. Alcohol
consumption was categorized as nondrinker, low-to-
moderate drinker (≤1 drink/day for women or ≤2
drinks/day for men) or heavy drinker (21, 22). Physical
activity was assessed based on self-reported leisure-time
activity and metabolic equivalent (MET) values, and

participants were classified as inactive (no activity),
insufficiently active (moderate activity 1–5 times/week
or vigorous activity 1–3 times/week) or active (more
frequent or intense activity) (21, 22).

Statistical analysis

All analyses accounted for the complex sampling
design of NHANES using appropriate sample weights,
strata and primary sampling units, as recommended
by the NCHS. Continuous variables were expressed
as weighted medians with interquartile ranges, and
categorical variables were presented as weighted
percentages. Differences in baseline characteristics by
mortality status were assessed Wilcoxon rank-sum tests
for continuous variables and χ2 tests for categorical
variables.

The associations between CKM syndrome stages
and the prevalence of psoriasis were evaluated using
weighted logistic regression models, with results
expressed as odds ratios (ORs) and 95% confidence
intervals (CIs). Survey-weighted Kaplan–Meier curves
and log-rank tests were used to compare cumulative
mortality across CKM stages and psoriasis status.
Cox proportional hazards regression models were used
to estimate hazard ratios (HRs) and 95% CIs for
all-cause and CCD mortality associated with CKM
syndrome stages and psoriasis, separately and jointly.
To assess multiplicative interaction between advanced
CKM syndrome and psoriasis, a cross-product term was
added to the survey-weighted Cox proportional hazards
models.

Subgroup analyses were conducted across age,  sex,
race/ethnicity,  education,  PIR, smoking,  drinking and
physical  activity,  with interaction terms tested using
the Wald test.  Sensitivity analyses were performed
by (1)  excluding participants with missing covariate
data and (2)  excluding those who died within the
first  year  of  follow-up.  All  statistical  analyses were
conducted using R version 4.3.1 and the “survey”
package.  A two-sided p-value <0.05 was considered
statistically significant.

RESULTS

Characteristics of the study participants

A total of 9,598 adults from NHANES 2003–2006
and 2009–2014 were included in the final analysis.
Participants who died during follow-up were more
likely to be older, male, non-Hispanic White, less
educated and have lower income. They also had
higher proportions of current or former smoking, heavy
drinking and physical inactivity. Notably, the prevalence
of advanced CKM syndrome (Stage 3 or 4) was
significantly higher among those who died (47.9% vs
7.4%, p<0.01). The proportion of participants with
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psoriasis was also greater in the deceased group than
in survivors (7.3% vs 2.8%, p<0.01). Full baseline
characteristics stratified by all-cause mortality status are
presented in Table I. In addition, baseline characteristics
stratified by advanced CKM syndrome status are
presented in Table SII.

Association between cardiovascular-kidney-metabolic
syndrome and prevalence of psoriasis

The prevalence of psoriasis increased progressively
across CKM syndrome stages (Table II). After
full adjustment for demographic, socioeconomic and
lifestyle factors, individuals in Stage 2, Stage 3 and
Stage 4 had significantly higher odds of having psoriasis
compared to those in Stage 0, with adjusted ORs
of 2.17 (95% CI, 1.05–4.50), 2.89 (95% CI, 1.19–
7.02) and 5.40 (95% CI, 2.34–12.50), respectively.

Furthermore, participants classified as having advanced
CKM syndrome (Stage 3 or 4) had over twofold higher
odds of psoriasis compared with those without advanced
CKM syndrome (adjusted OR, 2.40; 95% CI, 1.67–3.46;
p<0.01).

Association of cardiovascular-kidney-metabolic
syndrome and psoriasis with all-cause and cardio-
cerebrovascular disease mortality

During a median follow-up of 9.3 years,  860
participants died from all  causes.  As illustrated
in Fig.  2A and B, individuals  with advanced
CKM syndrome or  psoriasis  had significantly higher
cumulative incidence of  all-cause mortality compared
to those without  these conditions (p  for  log-rank
test  <0.001 for  both).  In multivariable-adjusted Cox
regression models (Table III),  the risk of  all-cause

Table I. Baseline characteristics of adults in NHANES 2003–2006 and 2009–2014, stratified by all-cause mortality status

Characteristics Total (n=9,598) All-cause mortality p-value

No (n=8,738) Yes (n=860)

Age, mean (SD) <0.01
  20–39 years 3,571 (40.01) 3,524 (42.43) 47 (8.09)
  40–59 years 3,680 (42.27) 3,434 (42.59) 246 (37.93)
  ≥ 60 years 2,347 (17.72) 1,780 (14.97) 567 (53.98)
Sex, n (%) <0.01
  Female 4,883 (50.89) 4,533 (51.45) 350 (43.47)
  Male 4,715 (49.11) 4,205 (48.55) 510 (56.53)
Race/ethnicity, n (%) <0.01
  Non-Hispanic white 4,301 (67.71) 3,786 (67.15) 515 (75.08)
  Non-Hispanic black 1,935 (11.57) 1,768 (11.54) 167 (11.92)
  Other 3,362 (20.73) 3,184 (21.31) 178 (13.01)
Education level, n (%) <0.01
  Below high school 2,344 (16.93) 2,047 (16.18) 297 (26.82)
  High school 2,141 (22.35) 1,924 (22.07) 217 (26.00)
  Above high school 5,113 (60.73) 4,767 (61.75) 346 (47.18)
Family poverty income ratio, n (%) <0.01
  ≤1.0 2,118 (15.10) 1,912 (14.81) 206 (18.97)
  1.1–3.0 3,859 (35.47) 3,435 (34.76) 424 (44.88)
  >3.0 3,621 (49.42) 3,391 (50.43) 230 (36.14)
Smoking status, n (%) <0.01
  Never smoker 5,359 (54.91) 5,019 (56.21) 340 (37.80)
  Former smoker 2,146 (22.71) 1,835 (21.96) 311 (32.73)
  Current smoker 2,093 (22.37) 1,884 (21.83) 209 (29.48)
Drinking status, n (%) 0.02
  Nondrinker 1,881 (16.02) 1,679 (15.71) 202 (20.14)
  Low-to-moderate drinker 6,894 (73.89) 6,319 (74.27) 575 (68.94)
  Heavy drinker 823 (10.09) 740 (10.03) 83 (10.91)
Physical activity, n (%) <0.01
  Inactive 2,347 (20.97) 1,932 (19.18) 415 (44.64)
  Insufficiently active 3,595 (41.13) 3,350 (41.94) 245 (30.35)
  Active 3,656 (37.90) 3,456 (38.87) 200 (25.01)
Psoriasis, n (%) <0.01
  No 9,316 (96.90) 8,517 (97.22) 799 (92.71)
  Yes 282 (3.10) 221 (2.78) 61 (7.29)
CKM syndrome stage, n (%) <0.01
  Stage 0 1,015 (12.73) 999 (13.50) 16 (2.55)
  Stage 1 2,013 (21.99) 1,966 (23.19) 47 (6.08)
  Stage 2 5,270 (55.07) 4,952 (55.95) 318 (43.43)
  Stage 3 400 (2.40) 229 (1.47) 171 (14.78)
  Stage 4 900 (7.81) 592 (5.89) 308 (33.16)
Advanced CKM syndrome (Stage 3 or 4), n (%) <0.01
  No 8,298 (89.79) 7,917 (92.64) 381 (52.06)
  Yes 1,300 (10.21) 821 (7.36) 479 (47.94)
Follow-up time, years, median [IQR] 9.25 [6.92, 13.75] 9.58 [7.25, 13.92] 5.42 [3.00, 7.83] <0.01

n reflect the study sample while percentages reflect the survey-weighted data.
CKM: Cardiovascular-Kidney-Metabolic; IQR: interquartile range; NHANES: National Health and Nutrition Examination Survey; SD: standard deviation.
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mortality increased progressively with advancing
CKM syndrome stage.  Compared with Stage 0,
the fully adjusted hazard ratios (HRs) were 2.27
(95% CI:  1.26–4.09) for  Stage 2,  8.84 (95% CI:
4.67–16.73) for  Stage 3 and 7.15 (95% CI:  3.81–
13.44) for  Stage 4.  Individuals  with advanced CKM
syndrome (Stages 3 or  4)  had a 267% increased risk
of all-cause mortality (HR 3.67;  95% CI:  3.00–4.50)
compared with those without.  Additionally,  psoriasis
was associated with a 106% higher risk of  all-cause
mortality (HR 2.06;  95% CI:  1.47–2.90).

Kaplan–Meier  curves further  demonstrated a higher
cumulative incidence of  CCD mortality among
individuals  with advanced CKM syndrome or
psoriasis  (Fig.  S1).  In fully adjusted models (Table
SIII),  participants with advanced CKM syndrome
had a markedly elevated risk of  CCD mortality
(HR=8.16;  95% CI:  5.42–12.28) compared with
those without.  Similarly,  psoriasis  was associated
with a 169% higher risk of  CCD mortality (HR
2.69;  95% CI:  1.42–5.08).

Joint associations of cardiovascular-kidney-metabolic
syndrome and psoriasis with all-cause and cardio-
cerebrovascular disease mortality

As shown in Fig. 2C, the Kaplan–Meier survival curves
indicated that participants with both advanced CKM
syndrome and psoriasis had the highest cumulative
mortality compared with other groups (p for log-rank
<0.001). In the fully adjusted model (Table IV),
advanced CKM syndrome alone was associated with
higher all-cause mortality (HR=3.45; 95% CI: 2.81–
4.23), whereas psoriasis alone was not significantly
associated with all-cause mortality (HR=1.28; 95%
CI: 0.68–2.39). Participants with both advanced CKM
syndrome and psoriasis had the highest observed
all-cause mortality risk (HR=7.09; 95% CI: 4.93–
10.19). The multiplicative interaction between advanced
CKM syndrome and psoriasis was not statistically
significant (p for interaction = 0.16).

Similarly, Kaplan–Meier curves for CCD mortality
(Fig. S1C) revealed the highest mortality among

Table II. Odds ratio (OR) (95% confidence intervals [CIs]) for the prevalence of psoriasis according to cardiovascular-kidney-
metabolic (CKM) syndrome stages in adults: NHANES 2003–2006 and 2009–2014

Crude Model 1 Model 2

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

CKM syndrome stages
  Stage 0 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
  Stage 1 1.87 (0.75–4.66) 0.17 2.02 (0.81–5.05) 0.13 1.96 (0.78–4.94) 0.15
  Stage 2 2.10 (1.03–4.29) 0.04 2.23 (1.08–4.60) 0.03 2.17 (1.05–4.50) 0.04
  Stage 3 2.49 (1.02–6.06) 0.04 2.96 (1.26–6.94) 0.01 2.89 (1.19–7.02) 0.02
  Stage 4 5.00 (2.30–10.86) <0.01 5.44 (2.39–12.39) <0.01 5.40 (2.34–12.50) <0.01
  P for trend <0.01 <0.01 <0.01
Advanced CKM syndrome (Stages 3 or 4)
  No 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
  Yes 2.33 (1.72–3.15) <0.01 2.39 (1.64–3.48) <0.01 2.40 (1.67–3.46) <0.01

Model 1 was adjusted for age (20–39, 40–59, or ≥60), sex (male or female) and race/ethnicity (Non-Hispanic White, Non-Hispanic Black or Other); Model 2 was
adjusted as model 1 plus education level (below high school, high school, or above high school), family PIR (≤1.0, 1.1–3.0, or >3.0), smoking status (never
smoker, former smoker, or current smoker), drinking status (nondrinker, low-to-moderate drinker, or heavy drinker) and physical activity (inactive, insufficiently
active, or active).
NHANES: National Health and Nutrition Examination Survey; PIR: poverty income ratio.

Fig. 2. Kaplan–Meier survival curves for all-cause mortality according to CKM syndrome stages and psoriasis status. (A) All-cause
mortality by advanced CKM syndrome status (Stages 3 or 4 vs Stages 0–2). (B) All-cause mortality by presence or absence of psoriasis. (C) Joint
association of advanced CKM syndrome and psoriasis with all-cause mortality.
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individuals with both advanced CKM syndrome and
psoriasis. In fully adjusted models (Table SIV),
advanced CKM syndrome alone was associated with
higher CCD mortality (HR=7.68; 95% CI: 5.35–11.04),
whereas psoriasis alone was not significantly associated
with CCD mortality. Participants with both advanced
CKM syndrome and psoriasis had the highest observed
CCD mortality risk (HR=16.47; 95% CI: 7.26–37.33).
No significant multiplicative interaction was observed
for CCD mortality (P for interaction=0.80).

Stratified and sensitivity analyses

Stratified analyses showed that the association between
the coexistence of advanced CKM syndrome and
psoriasis and all-cause mortality was generally
consistent across most subgroups (Table SV).
Significant interactions were found for smoking status
(p=0.01), drinking status (P = 0.03) and physical
activity (p<0.01), indicating stronger associations in
current smokers, heavy drinkers and those who were
insufficiently active. No significant interactions were
observed across age, sex, race/ethnicity, education level
or family PIR.

Sensitivity analyses confirmed the robustness of the
primary findings. After excluding participants with
missing covariate data, those with both advanced CKM
syndrome and psoriasis remained at increased risk of
all-cause mortality (HR=6.91; 95% CI: 4.77–10.02)
and CCD mortality (HR=15.54; 95% CI: 6.55–36.88)
(Table SVI). Similarly, after excluding individuals who
died within the 1st year of follow-up, the associations
persisted, with an adjusted HR of 6.99 (95% CI: 4.68–
10.45) for all-cause mortality and 16.98 (95% CI: 7.27–
39.62) for CCD mortality (Table SVII).

DISCUSSION

In this study, we investigated the joint association of
psoriasis and CKM syndrome with all-cause mortality
and CCD mortality in 9,598 U.S. adults. We found
that both psoriasis and CKM syndrome were associated
with increased risks of all-cause and CCD mortality.
Moreover, individuals with both psoriasis and advanced
CKM syndrome exhibited markedly higher mortality
risks than those with either condition alone. However,
formal interaction testing did not show a significant
multiplicative interaction, suggesting that the joint

Table III. Hazard ratios (HRs) (95% confidence intervals [CIs]) for all-cause mortality according to cardiovascular-kidney-metabolic
(CKM) syndrome stages or psoriasis in adults: NHANES 2003–2006 and 2009–2014

Crude Model 1 Model 2

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

CKM syndrome stages
  Stage 0 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
  Stage 1 1.53 (0.82–2.84) 0.18 1.22 (0.65–2.30) 0.54 1.21 (0.62–2.34) 0.58
  Stage 2 4.31 (2.55–7.26) <0.01 2.50 (1.43–4.37) 0.001 2.27 (1.26–4.09) 0.01
  Stage 3 56.30 (33.37–94.96) <0.01 11.99 (6.57–21.87) <0.01 8.84 (4.67–16.73) <0.01
  Stage 4 30.15 (17.34–52.43) <0.01 9.54 (5.20–17.50) <0.01 7.15 (3.81–13.44) <0.01
Advanced CKM syndrome (Stages 3 or 4)
  No 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
  Yes 11.16 (9.21–13.51) <0.01 4.59 (3.71–5.68) <0.01 3.67 (3.00–4.50) <0.01
Psoriasis
  No 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
  Yes 2.43 (1.81–3.26) <0.01 2.18 (1.54–3.08) <0.01 2.06 (1.47–2.90) <0.01

Model 1 was adjusted for age (20–39, 40–59, or ≥60), sex (male or female) and race/ethnicity (Non-Hispanic White, Non-Hispanic Black or Other); Model 2 was
adjusted as model 1 plus education level (below high school, high school, or above high school), family PIR (≤1.0, 1.1–3.0, or >3.0), smoking status (never
smoker, former smoker, or current smoker), drinking status (nondrinker, low-to-moderate drinker, or heavy drinker) and physical activity (inactive, insufficiently
active, or active).
NHANES: National Health and Nutrition Examination Survey; PIR: poverty income ratio.

Table IV. Hazard ratios (HRs) (95% confidence intervals [CIs]) for all-cause mortality according to the joint association of
cardiovascular-kidney-metabolic (CKM) syndrome stages and psoriasis in adults: NHANES 2003–2006 and 2009–2014

Crude Model 1 Model 2

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

All-cause mortality
No advanced CKM and psoriasis 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Psoriasis alone 1.36 (0.75–2.45) 0.31 1.29 (0.70–2.38) 0.41 1.28 (0.68–2.39) 0.44
Advanced CKM alone 10.71 (8.80–13.02) <0.01 4.33 (3.51–5.34) <0.01 3.45 (2.81–4.23) <0.01
Advanced CKM and psoriasis 19.59 (13.87–27.66) <0.01 9.12 (6.13–13.58) <0.01 7.09 (4.93–10.19) <0.01
P for interaction 0.33 0.13 0.16

Model 1 was adjusted for age (20–39, 40–59, or ≥60), sex (male or female) and race/ethnicity (Non-Hispanic White, Non-Hispanic Black or Other); Model 2 was
adjusted as model 1 plus education level (below high school, high school, or above high school), family PIR (≤1.0, 1.1–3.0, or >3.0), smoking status (never
smoker, former smoker, or current smoker), drinking status (nondrinker, low-to-moderate drinker, or heavy drinker) and physical activity (inactive, insufficiently
active, or active).
NHANES:National Health and Nutrition Examination Survey; PIR:poverty income ratio.
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association may primarily reflect the accumulation of
risk across both conditions.

Our study demonstrated a clear, graded association
between CKM syndrome severity and the prevalence
of psoriasis. Notably, participants with advanced
CKM syndrome had more than twice the likelihood
of psoriasis. Even after adjusting for multiple
demographic, socioeconomic and lifestyle factors,
individuals in Stage 2, Stage 3 and Stage 4 had
2.17-, 2.89- and 5.40-fold higher odds of psoriasis
compared to those without CKM syndrome. Recent
trans-disease meta-analysis has identified shared genetic
loci and prioritized genes such as IFIH1 and IL23A,
which suggested overlapping inflammatory pathways
between psoriasis and CAD (23). Moreover, Mendelian
randomization indicated that CAD may causally
increase psoriasis risk through systemic inflammation,
independent of BMI and waist-to-hip ratio (23).
These data reinforce the hypothesis that psoriatic
inflammation is not confined to the skin but extends
to systemic vasculature and metabolic pathways, which
might contribute to a bidirectional relationship between
psoriasis and CKM components.

Chronic psoriatic disease is increasingly recognized
as a systemic inflammatory condition with significant
cardiometabolic consequences (24). Moreover, solid
evidence has been shown that psoriasis is associated
with high risk of mortality. A recent NHANES-based
study of 19,741 U.S. adults reported that moderate-to-
severe psoriasis was associated with a 2.5-fold increased
risk of CVD mortality (25). Mediation analyses in that
study further suggested that 81.4% of the effect of
moderate/severe psoriasis on CVD mortality was direct
(25). Ashar et al. conducted a meta-analysis of 12 cohort
studies and found pooled RRs for all-cause mortality
of 1.13 (95% CI: 1.09–1.16) in mild psoriasis and 1.52
(95% CI: 1.35–1.71) in severe psoriasis (26). Similarly,
cardiovascular mortality risks were elevated in severe
psoriasis (RR: 1.38; 95% CI: 1.09–1.74) (26). Many
studies showed that the majority of this effect was
direct rather than through traditional cardiovascular risk
factors. In our analysis, psoriasis was associated with
an increased risk of all-cause and CCD mortality when
modelled separately.

A growing body of evidence supports the prognostic
value of CKM syndrome staging for mortality risk. In
a large prospective cohort of 97,777 Chinese adults
from the Kailuan Study, higher CKM stages were
strongly associated with increased all-cause mortality
over a median follow-up of 15 years (27). Similar
findings have been reported in a U.S. population using
data from 50,678 adults participating in the 1999–
2018 NHANES. In this cohort, higher CKM stages
were associated with progressively increased 15-year
cumulative incidences of cardiovascular mortality (28).
Tsai et al. found that compared with participants without

CKM, the presence of CKM syndrome was linked to
a 33% higher risk of all-cause mortality and a nearly
3-fold higher risk of cardiovascular mortality in a
large-scale Taiwanese cohort study of 515,602 adults
(7). Collectively, these findings support CKM staging
as a useful framework for identifying individuals at
elevated long-term mortality risk.

Notably, patients with both psoriasis and advanced
CKM syndrome might face the highest mortality
risks. Previous evidence suggests that psoriasis
frequently coexists with cardiometabolic risk factors
and may identify individuals with greater systemic
disease burden. Zhao et al. suggested that individuals
with psoriasis exhibited a higher prevalence of
hypertension compared with those without psoriasis
(29). Furthermore, the coexistence of psoriasis and
hypertension was associated with a substantially
elevated risk of all-cause mortality (HR=2.33; 95%
CI: 1.60–3.40), which exceeded the risk conferred by
hypertension alone (HR=1.78; 95% CI: 1.55–2.04) (29).
Similarly, individuals with both psoriasis and CKD
had a dramatically increased risk of all-cause mortality
(HR=5.38; 95% CI: 2.43–11.91) compared to those
without either condition (30). Previous evidence also
suggested a synergistic interaction between systemic
inflammation in psoriasis and metabolic dysregulation
(31). In our analysis, advanced CKM syndrome was
associated with a 3.45-fold increased risk of all-cause
mortality, whereas the coexistence of advanced CKM
syndrome and psoriasis further elevated this risk to
7.09-fold. Similar patterns were observed for CCD
mortality, where participants with both conditions had
a more than 16-fold increased risk compared to those
without either condition.

The observed associations may reflect shared
pathophysiological pathways between psoriasis
and CKM syndrome, including chronic systemic
inflammation, immune dysregulation, endothelial
dysfunction and accelerated atherosclerosis. Psoriasis
has long been recognized as a T cell–mediated
inflammatory disease and elevated proinflammatory
cytokines such as TNF-α and IL-6, which are also
implicated in insulin resistance, dyslipidaemia and
vascular injury (32). Although early studies emphasized
the role of T helper 1 (Th1) cells, accumulating
evidence highlights the pivotal contribution of T helper
17 (Th17) cells and other IL-17–producing subsets to
its pathogenesis (3, 33). Importantly, these immune
pathways are also critically involved in the development
of atherosclerosis. In metabolic disorders, such as
diabetes and obesity, IL-23/Th17-driven inflammation
has been associated with β-cell dysfunction and
adipose tissue immune dysregulation (34). Similar
pro-inflammatory mechanisms involving IL-23 and
related cytokines have been identified in non-alcoholic
fatty liver disease and other conditions linked to
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metabolic syndrome (34). Similarly, CKM syndrome
involves multisystem metabolic derangements that
amplify cardiovascular and renal risk. The coexistence
of these conditions may reflect a greater inflammatory,
metabolic and vascular burden, thereby increasing
the risk of adverse outcomes. Furthermore, metabolic
factors such as obesity, dyslipidaemia and diabetes
are not only highly prevalent in psoriasis patients
but are also associated with greater disease severity
and reduced response to treatment (35). The “two
plaques for one syndrome” concept also highlights
shared inflammatory features between psoriatic skin
plaques and atherosclerotic vascular plaques (36).
These overlapping pathways may partly explain the
higher mortality observed among participants with both
psoriasis and advanced CKM syndrome, although the
underlying mechanisms require further investigation.

To our knowledge,  this  is  the first  study to
quantify the joint  impact  of  psoriasis  and CKM
syndrome on long-term mortality.  Utilizing data
from a large,  nationally representative cohort  of
U.S.  adults  with long-term follow-up,  we assessed
different  CKM stages and the combinations of  CKM
syndrome and psoriasis  and explored their  associated
risk with all-cause mortality and CCD mortality.
Furthermore,  the simultaneous evaluation of  psoriasis
and CKM syndrome provided novel  insights  into
their  individual  and combined associations with
mortality.  The observed stronger associations among
smokers,  heavy drinkers and physically inactive
individuals also suggest  that  modifiable lifestyle
factors may exacerbate mortality risks in this
population.  Our findings emphasize that  psoriasis  is
not  merely a skin disease but  a  systemic condition.
When combined with cardiometabolic dysfunction,  it
may identify individuals  with particularly elevated
mortality risk.  Clinicians should be vigilant  for
cardiometabolic comorbidities in psoriasis  patients
and consider early interventions to mitigate long-term
risks.

Limitations

However, several limitations should be acknowledged.
First, the observational design of our study precludes
causal inference, and residual confounding may persist
despite multivariable adjustment. Second, psoriasis was
defined by self-reported physician diagnosis, which
may have introduced exposure misclassification. In
addition, information on psoriasis severity, disease
duration, lesion extent, treatment and changes in
psoriasis or CKM status during follow-up was
unavailable; therefore, the observed associations should
be interpreted as estimates for a heterogeneous psoriasis
population rather than severity-specific effects. Third,
the study population was derived from U.S. adults

participating in NHANES, and caution is warranted
when generalizing these findings to other populations.
Fourth, CKM stage 4 includes clinically established
cardiovascular disease, creating partial overlap with
CCD mortality and potentially inflating the estimates
for advanced CKM syndrome. These results should
therefore be viewed as reflecting the prognostic burden
captured by CKM staging. Finally, the relatively small
number of participants with psoriasis, particularly those
with concurrent advanced CKM syndrome, limited the
precision of joint and subgroup analyses; therefore,
these findings should be interpreted with caution.

Conclusion

In this nationally representative cohort of U.S. adults,
both advanced CKM syndrome and psoriasis were
associated with increased risks of all-cause and CCD
mortality. Furthermore, their coexistence conferred
the highest mortality risk, although no significant
multiplicative interaction was observed. These findings
underscore the importance of comprehensive risk
assessment and integrated management strategies for
individuals with concurrent metabolic dysfunction and
inflammatory skin diseases such as psoriasis.
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