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Background: Evidence remains scarce regarding the relationship between serum 25-hydroxyvitamin D
(25(OH)D) and the risk of mortality and cardiovascular disease (CVD) in psoriasis.

Objective: To explore the potential protective effect of serum 25(OH)D on the risk of mortality and CVD

among patients with psoriasis.

Methods: This cohort study included 8947 psoriasis patients and 178,937 controls identified at baseline in
the UK Biobank cohort. Serum 25(OH)D levels were prospectively collected at the time of recruitment.
Multivariable-adjusted Cox proportional hazards regression models were used to evaluate the associations
between levels of serum 25(OH)D and risk of overall mortality and CVD incidence.
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Results: Compared to the lowest level of serum 25(OH)D (<25 nmol/L), hazard ratios were 0.54 and 0.78
for overall mortality and incident CVD for the highest level of serum 25(OH)D (=50 nmol/L) among
psoriasis patients, respectively (all P <.05). Psoriasis patients with serum 25(OH)D = 50 nmol/L appeared
to have no excess risk of mortality and CVD incidence, compared with matched controls.

Limitations: Information on psoriasis subtypes was not available.

Conclusion: A higher level of serum 25(OH)D was associated with a reduced risk of overall mortality and
CVD in individuals with psoriasis. (] Am Acad Dermatol 2025;93:678-88.)

Key words: cardiovascular disease; cohort study; epidemiology; mortality; psoriasis; vitamin D.

INTRODUCTION

Psoriasis is a persistent,
immune-mediated inflammatory
disease, characterized by dysre-
gulated proliferation and differ-
entiation of keratinocytes."”
Globally, over 60 million individ-

uals are diagnosed with psoriasis, be explored.

exhibiting an age-standardized « Our findings demonstrated that
maintaining an adequate vitamin D
25-hydroxyvitamin D status may play an
important role in the prevention of
mortality and cardiovascular disease
among individuals with psoriasis.

prevalence of 503 cases per
100,000 individuals in 2019.*°
Psoriasis has been demonstrated
to be independently associated
with a significantly increased risk
of overall mortality and cardio-
vascular disease (CVD)." It is
therefore important to explore modifiable risk factors
for the prevention of psoriasis-related chronic compli-
cations and premature mortality.” However, evidence
from human data remain limited.

Vitamin D is an indispensable nutrient acquired
through sun exposure, dietary sources, and supple-
mentation, and has a vital role in human health.®
Vitamin D is a secosteroid hormone available in 2
distinct variants, ergocalciferol and cholecalciferol.
Cholecalciferol is synthesized within the epidermis
upon exposure to UVB exposure, and subsequently
undergoes conversion to the inactive precursor,
25-hydroxyvitamin D (25(OH)D) in the liver. This
precursor is then metabolized in the renal system to
yield the active form of the hormone (1,25(0OH)2D).”""
Observational studies have shown associations
between low serum concentrations of vitamin D and
increased risks of overall mortality and CVD in the
general population.'"'* Although biological mecha-
nisms remain unclear, vitamin D may potentially
decrease the risk of mortality and CVD through
modulating immune responses, exerting
anti-inflammatory effects, inhibiting cellular prolifera-
tion, influencing blood pressure, ameliorating vascular
damage, and improving myocardial function.'"" It
has been also shown that individuals with psoriasis are

CAPSULE SUMMARY

« The potential protective effect of vitamin
D 25-hydroxyvitamin D on the risk of
mortality and cardiovascular disease
among patients with psoriasis remains to

particularly vulnerable to
both vitamin D deficiency
and an elevated risk of mor-
tality and CVD, compared
with the general popula-
tion.”>'>1° However, the
potential protective effect
of serum vitamin D on the
risk of mortality and CVD
among patients with psori-
asis remains to be explored.
To this end, we as-
sessed the associations of
the serum concentration
of 25(OH)D with the risks
of overall mortality and
CVD among 8947 patients with psoriasis in the UK
Biobank. We also performed a comparison between
psoriasis patients and their individually matched
controls to understand whether the excess mortality
and CVD risk in relation to psoriasis could be
attributed to insufficient level of serum 25(OH)D.

METHODS
Study population

The UK Biobank is a community-based large pro-
spective cohort study.'” Details of the UK Biobank
Study and diagnosis of psoriasis are shown in
Supplementary Table T and Methods, available via
Mendeley at https://data.mendeley.com/datasets/
wzgky98v9j/1. In the present study, we performed 2
sets of analyses (Supplementary Methods, available via
Mendeley at https://data.mendeley.com/datasets/
wzgky98v9j/1). The first set of analyses concerns only
individuals with psoriasis (N = 8947) (Supplementary
Fig 1, available via Mendeley at https://data.mendeley.
com/datasets/wzgky98v9j/1). The second set of ana-
lyses concerns the comparison between individuals
with psoriasis and psoriasis-free participants. Using the
method of nearest neighbor matching, each psoriasis
patient was individually matched to up to 20 controls
who were free of psoriasis by age, sex, and assessment
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Abbreviations used:

25(OH)D:  25-hydroxyvitamin D

BMI: body mass index

Cls: confidence intervals

CRP: C-reactive protein

CVD: cardiovascular disease

HbAlc: glycated hemoglobin

HRs: hazard ratios

ICD: the International Classification of
Diseases

NF-kB: nuclear factor kappa-light-chain-
enhancer of activated B cells

SES: socioeconomic status

SII: systemic immune-inflammation index

TLR-4: the Toll-like receptor 4

center at recruitment, randomly selected from the study
population (N = 178,937) (Supplementary Fig 2, avail-
able via Mendeley at https://data.mendeley.com/
datasets/wzgky98v9j/1). In the analyses of overall
mortality in both sets of analyses, study participants
were followed from recruitment until death, loss to
follow-up, or the end of study period (19 December
2022), whichever came first. Participants with a history
of CVD at recruitment (Supplementary Table II, avail-
able via Mendeley at https://data.mendeley.com/
datasets/wzgky98v9j/1) were excluded, leaving 8109
individuals with psoriasis and 162,180 matched con-
trols in the analysis of incident CVD (Supplementary
Fig 3 and Methods, available via Mendeley at https://
data.mendeley.com/datasets/wzgky98v9j/1). Regarding
the diagnosis of incident CVD in both sets of analyses,
participants were followed from recruitment until
incident CVD occurred, death, loss to follow-up, or
the end of the study period (31 October 2022),
whichever came first. These two sets of analyses
were based on a prospective cohort with retrospec-
tive analysis, as the outcomes were unknown at the
time of baseline data collection during enrollment
(Supplementary Methods, available via Mendeley at
https://data.mendeley.com/datasets/wzgky98v9j/1).
Baseline serum levels of 25(OH)D were determined
based on the chemiluminescent immunoassay method
using a Dia Sorin Liaison XL Analyzer, and the analytical
range of the assays was from 10 nmol/L to 375 nmol/L.
Detailed information regarding assay performance has
been documented elsewhere (Supplementary
Methods and Table III, available via Mendeley at
https://data. mendeley.com/datasets/wzgky98v9j/1).'®
The primary endpoints were overall mortality and
incident CVD during follow-up. Mortality data were
obtained through linkages to the National Health
Service Information Centre (England and Wales) and
the National Health Service Central Register (Scotland)
with data through 19 December 2022. Incident cases of
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CVD during follow-up were defined as the first event of
CVD, according to the hospital inpatient care records,
primary care records, self-reported medical conditions,
and mortality data with update through 31 October
2022, using the International Classification of Diseases
(ICD)-10th codes ICD10 codes: 120 to 125, 150, 160, 161,
163, and 164) (Supplementary Table IV, available via
Mendeley at https://data.mendeley.com/datasets/
wzgky98v9j/1).

Statistical analysis

Analyses among individuals with psoriasis.
Multivariable Cox models with attained time as the
time metric were employed to estimate hazard ratios
(HRs) and 95% confidence intervals (CIs) for associ-
ations between serum 25(OH)D and risk of overall
mortality and CVD among patients with psoriasis. The
proportional hazards assumption was assessed using
Schoenfeld residuals, and no violation was observed.
In the simple model, we adjusted for age, sex, and
ethnicity. In the fully-adjusted model, we further
adjusted for socioeconomic status (SES), blood collec-
tion month, time of sun exposure during summer,
assessment center, body mass index (BMD), smoking
status, alcohol status, dietary quality score, sleep
pattern, physical activity, use of vitamin D supple-
ments, duration of psoriasis, history of diabetes, and
history of high total cholesterol. In the analysis of
overall mortality, we additionally adjusted for history
of CVD. A test for linear trend was conducted by
allocating the median level to each category of serum
25(OH)D and treating this new variable as a contin-
uous variable. We constructed restricted cubic spline
models to assess possible non-linear associations
(Supplementary Methods, available via Mendeley at
https://data.mendeley.com/datasets/wzgky98v9j/1).
We conducted stratified analyses and several sensi-
tivity analyses to examine the robustness of finding, as
well as mediation analysis to explore potential path-
ways (Supplementary Methods, available via
Mendeley at https://data.mendeley.com/datasets/
wzgky98v9j/1).17 %

Comparison between psoriasis patients and
controls. In this analysis, we used Cox models to
estimate the risks of mortality and CVD among
psoriasis patients with different levels of serum
25(OH)D, using their individually matched controls
as reference (Supplementary Methods, available via
Mendeley at https://data.mendeley.com/datasets/
wzgky98v9j/1).

All analyses were performed using SAS version 9.4
(SAS Institute Inc) and R version 4.3.1 (R Development
Core Team). A two-sided P-value <.05 was set as the
threshold for statistical significance (Supplementary

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en septiembre 08,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.


https://data.mendeley.com/datasets/wzgky98v9j/1
https://data.mendeley.com/datasets/wzgky98v9j/1
https://data.mendeley.com/datasets/wzgky98v9j/1
https://data.mendeley.com/datasets/wzgky98v9j/1
https://data.mendeley.com/datasets/wzgky98v9j/1
https://data.mendeley.com/datasets/wzgky98v9j/1
https://data.mendeley.com/datasets/wzgky98v9j/1
https://data.mendeley.com/datasets/wzgky98v9j/1
https://data.mendeley.com/datasets/wzgky98v9j/1
https://data.mendeley.com/datasets/wzgky98v9j/1
https://data.mendeley.com/datasets/wzgky98v9j/1
https://data.mendeley.com/datasets/wzgky98v9j/1
https://data.mendeley.com/datasets/wzgky98v9j/1
https://data.mendeley.com/datasets/wzgky98v9j/1
https://data.mendeley.com/datasets/wzgky98v9j/1

] AM ACAD DERMATOL
Vorume 93, NUMBER 3

Lin et al 681

Table 1. Baseline characteristics of patients with psoriasis according to level of serum 25-hydroxyvitamin D in

the UK Biobank in terms of overall mortality

Serum 25-hydroxyvitamin D concentration

Overall <25 nmol/L 25-<50 nmol/L =50 nmol/L

Characteristics (n = 8947) (n = 1303) (n = 3840) (n = 3804) P value
Mean (SD) level of vitamin D, nmol/L 47.46 (20.82) 19.20 (3.83) 37.49 (7.12) 67.21 (14.11) <.001
Mean (SD) age at baseline, y 56.45 (8.02) 55.14 (8.04) 56.27 (8.00) 57.07 (7.98) <.001
Male, % 53.1 53.0 53.0 53.2 .99
Mean (SD) of BMI, kg/m? 28.19 (5.02) 29.45 (6.00) 28.68 (5.17) 27.28 (4.30) <.001
White, % 96.9 90.9 97.0 98.8 <.001
SES, % <.001

Low 335 41.6 32.8 31.5

High 66.5 58.4 67.2 68.5
Smoking status, % <.001

Never 45.5 424 46.0 46.1

Previous 404 35.8 395 429

Current 14.1 21.9 14.5 11.1
Alcohol status, % <.001

Never 3.6 6.4 3.9 24

Previous 4.2 6.4 4.1 3.6

Current 92.2 87.2 92.0 94.0
Physical activity group, % <.001

Low 254 325 26.9 214

Moderate 60.2 53.9 60.3 62.2

High 14.5 13.6 12.8 16.4
Dietary quality score, mean (SD) 46.79 (11.66) 44.30 (11.90) 46.52 (11.64) 47.90 (11.44) <.001
Use of vitamin D supplements, % 39 1.9 2.7 5.9 <.001
Mean (SD) h/d of sun exposure in summer 3.78 (2.36) 3.36 (2.27) 3.66 (2.34) 4.04 (2.39) <.001
Sleep pattern, % .001

Poor or intermediate 62.9 65.8 64.0 60.7

Healthy 37.1 342 36.0 393
Follow-up y, mean (SD) 13.38 (2.09) 13.13 (2.66) 13.44 (1.94) 13.40 (2.01) <.001
Mean (SD) of HbA1c, mmol/mol 36.51 (7.77) 38.32 (11.15) 36.77 (7.98) 35.63 (5.76) <.001
Mean (SD) of CRP, mg/L 3.35(5.74) 4.14 (6.86) 3.38 (5.58) 3.04 (5.44) <.001

P values are examined using the chi-squared test for categorical variables and ANOVA test for continuous variables.
BMI, Body mass index; CRP, C-reactive protein, mg/L; HbATc, glycated hemoglobin, mmol/mol; SD, standard deviation; SES, socioeconomic

status.

Methods, available via Mendeley at https://data.
mendeley.com/datasets/wzgky98v9j/1).

RESULTS
Analyses among individuals with psoriasis

Mean level of serum 25(OH)D was 47.5 nmol/L
among patients with psoriasis. Patients with higher
concentrations were more likely to be White, non-
smokers, and to have a lower BMI and a higher
socioeconomic status. They were also more likely to
have regular physical activity, a healthy diet, and a
healthy sleep pattern, as well as to take vitamin D
supplements, have longer time of sun exposure
during summer, and have lower levels of glycated
hemoglobin (HbAlc) and C-reactive protein (CRP)
(Table D.

During a median follow-up of 13.8 years and
13.5 years, a total of 880 death cases (119,687

person-years) and 1065 incident cases of CVD
(102,566 person-years) were documented, respec-
tively. In the fully-adjusted model, the HRs for the
highest level of serum 25(OH)D (=50 nmol/L),
compared with the lowest level (<25 nmol/L),
were 0.54 (95% CI: 0.44-0.67) for overall mortality
and 0.78 (95% CL: 0.64-0.96) for CVD (all
Pona=.04) (Table II). We also observed inverse
associations per each SD increase in level of
serum 25(OH)D. Similar results were found
when we categorized serum 25(OH)D levels into
4 levels (Supplementary Table V, available via
Mendeley at https://data.mendeley.com/datasets/
wzgky98v9j/1). The inverse associations were
nonlinear, reaching a plateau at approximately
50 nmol/L, but the test for nonlinearity was only
statistically  significant for overall mortality
(Pnonlinearity<‘001a Flg D.
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Table II. Associations of serum 25-hydroxyvitamin D with risk of overall mortality and incident cardiovascular
disease among patients with psoriasis

Serum 25-hydroxyvitamin D concentration

<25 nmol/L 25-<50 nmol/L =50 nmol/L Per 1-SD increase

Outcomes and models HR (95% CD HR (95% CD HR (95% CD P for trend* HR (95% CI)
Overall mortality

Cases/total 184/1303 376/3840 320/3804 880/8947

Simple model® 1.00 (reference)  0.57 (0.47, 0.68)  0.44 (0.37, 0.53) <.001 0.76 (0.70, 0.82)

Fully-adjusted model* 1.00 (reference)  0.65 (0.54, 0.79)  0.54 (0.44, 0.67) <.001 0.82 (0.75, 0.89)
Incident cardiovascular disease

Cases/total 173/1157 456/3481 436/3471 1065/8109

Simple model* 1.00 (reference)  0.77 (0.64, 0.92)  0.69 (0.58, 0.82) <.001 0.88 (0.83, 0.94)

Fully-adjusted model? 1.00 (reference)  0.84 (0.70, 1.01)  0.78 (0.64, 0.96) .04 0.92 (0.86, 0.99)

Cl, Confidence interval; HR, hazard ratio; SD, standard deviation.

*P for trend was tested through treating the categorical variable as a semi-continuous variable.

fAdjusted for age (continuous variable), sex, and ethnicity (White or non-White).

1[Adjusted for age, sex, ethnicity, SES (low or high), blood collection month, sun-exposure time in summer (continuous variable, hours/day),
assessment center, body mass index (<25, 25-<30, or =30 kg/mz), smoking status (never, former, or current), alcohol status (never, former,
or current), dietary quality score (continuous variable), sleep pattern (poor or intermediate, or healthy), physical activity (low, moderate, or
high), use of vitamin D supplements (yes or no), duration of psoriasis (continuous variable, years), and history of diabetes or high total
cholesterol (yes or no). In the analysis of overall mortality, history of cardiovascular disease (yes or no) was further adjusted for. In the

analysis of incident cardiovascular disease, participants with a history of cardiovascular disease at baseline were excluded.

Stratified analyses demonstrated generally similar
associations across subgroups (Supplementary Table
VI and Results, available via Mendeley at https://data.
mendeley.com/datasets/wzgky98v9j/1). The results
did not alter in the sensitivity analyses after further
adjusting estimated glomerular filtration rate or serum
levels of calcium (Supplementary Tables VII and VIII
and Results, available via Mendeley at https://data.
mendeley.com/datasets/wzgky98v9j/1).

The mediation analyses showed that 4.4%, 5.3%,
and 4.6% of the association for overall mortality was
mediated through HbAlc, white blood cell count,
and systemic immune-inflammation index (SID),
whereas 24.2%, and 9.6%, and 5.8% of the associa-
tion for CVD was mediated by BMI, CRP, and white
blood cell count, respectively (Table IID).

Comparison between psoriasis patients and
controls

A total of 880 patients with psoriasis and 14,850 of
controls died during follow-up. The corresponding
numbers were 1065 and 18,098 for incident CVD
(Supplementary Table IX and Results, available via
Mendeley at https://data.mendeley.com/datasets/
wzgky98v9j/1). Psoriasis was associated with a higher
overall mortality (HR = 1.09, 95% CI: 1.01-1.16), and
CVD incidence (HR = 1.13, 95% CI: 1.06-1.20)
(Supplementary Table X, available via Mendeley at
https://data.mendeley.com/datasets/wzgky98v9j/1).
Psoriasis patients with the lowest level of serum
25(OH)D (<25 nmol/L) experienced an increased
risk of overall mortality (HR = 1.53) and CVD

incidence (HR = 1.29), compared to controls.
Psoriasis patients with the medium level of serum
25(OH)D (25-<50 nmol/L) showed a higher risk of
CVD incident (HR = 1.12), but not overall mortality
(Fig 2). No excess mortality -or CVD incidence -was
found for psoriasis patients with the highest level of
serum 25(OH)D (=50 nmol/L) (Fig 2). Moreover,
when compared to psoriasis patients with the lowest
level of serum 25(OH)D, patients with the highest
level showed a 44% and 22% reduced risk, whereas
controls with the highest level showed a 48% and 32%
reduced risk of overall mortality and CVD, respec-
tively (Supplementary Fig 4, available via Mendeley at
https://data.mendeley.com/datasets/wzgky98v9j/1).

DISCUSSION

In this large-scale prospective cohort study of the
UK Biobank, we found that a higher serum concen-
tration of 25(OH)D was associated with a lower risk
of overall mortality and CVD among patients with
psoriasis, demonstrating a 46% reduction in risk for
overall mortality among psoriasis patients with the
highest versus the lowest level. The associations
persisted in subgroup and sensitivity analyses, eluci-
dating the robustness of our findings. Further,
HbAlc, white blood cell count, and SII partially
mediated the association for overall mortality,
whereas BMI, CRP and white blood cell count
partially mediated the association for CVD. Of note,
psoriasis patients with higher levels of serum 25(OH)
D (eg, =50 nmol/L) appeared to have no excess risk
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Fig 1. Hazard ratios and 95% confidence intervals of overall mortality (A) and incident
cardiovascular disease (B) in relation to levels of serum 25-hydroxyvitamin D among patients
with psoriasis in the UK Biobank®. “Adjusted for age, sex, ethnicity, SES (low or high), blood
collection month, sun-exposure time in summer (continuous variable, h/d), assessment center,
body mass index (<25, 25-<30, =30 kg/m?), smoking status (never, former, or current),
alcohol status (never, former, or current), dietary quality score (continuous variable), sleep
pattern (poor or intermediate, or healthy), physical activity (low, moderate, or high), use of
vitamin D supplements (yes or no), duration of psoriasis (continuous variable, years), and
history of diabetes or high total cholesterol (yes or no). In the analysis of overall mortality,
history of cardiovascular disease (yes or no) was further adjusted for. In the analysis of incident
cardiovascular disease, participants with a history of cardiovascular disease at baseline were
excluded. Prontineariy < 001 for overall mortality, and Phonlineariy = -37 for incident
cardiovascular disease. The solid line represents the estimated hazard ratios, and the /ight
blue shadow area denotes the 95% confidence intervals. The spline was computed according to
4 knots selected at 5th, 25th, 75th, and 95th percentiles of vitamin D concentrations, and the red

Lin et al 683

line indicates the reference set at 25 nmol/L.

of mortality and CVD outcomes, compared with
matched controls.

In addition to its detrimental impact on life
quality, physical activity, and risk of psychiatric
disorders and suicide,””“° psoriasis has been impli-
cated in other health consequences, including
increased risks of other chronic diseases and mor-
tality.”>*" However, modifiable risk factors for
psoriasis-related chronic diseases and mortality are
yet to be elucidated. In terms of overall mortality, our
findings are in line with a previous study, which
showed that, compared to patients with the lowest
level (<30 nmol/L), patients with the highest level
(=90 nmol/L) of serum 25(OH)D had a lower risk of
overall mortality (HR = 0.12, Pyeng = .01).”” However,
this study had a small sample size, used a retrospec-
tive study design, had a relatively short follow-up
(mean = 5.6 years), and was lack of subgroup and
sensitivity analyses.”” On the other hand, multiple
prospective studies have demonstrated associations
of lower levels of serum 25(OH)D with elevated risks
of overall mortality and CVD among patients with
other diseases, such as type 2 diabetes, prediabetes,
metabolic dysfunction-associated fatty liver disease,
and osteoarthritis.”>*’ % In contrast, a meta-analysis
of 21 randomized clinical trials involving 83,291
individuals showed that vitamin D supplementation

was not related to a lower risk of cardiovascular
events.”” However, as majority of the study partici-
pants in the included trials started with sufficient
levels of serum 25(OH)D, the null finding of this
meta-analysis cannot be generalized to populations
with a deficiency in vitamin D.”> Of note, the
protective roles of vitamin D supplementation may
be primarily observed when the level of serum
25(OH)D falls below the critical threshold of
50 nmol/L.>* Regardless, as little has been done
among individuals with psoriasis, further research is
merited to ascertain effect of vitamin D supplemen-
tation on risk of CVD and mortality among psoriasis
patients.

Accumulating evidence has elucidated that
vitamin D deficiency is prevalent among patients
with psoriasis and is associated with the severity of
the disease.'® Although vitamin D supplementa-
tion is empirically used in psoriasis management due
to its immunomodulatory properties,’% previous
studies have shown limited therapeutic efficacy of
such supplementation in improving psoriatic le-
sions.””" Regardless, findings from the present
study demonstrate that a higher level of serum
25(OH)D could be associated with a decreased risk
of overall mortality and CVD in patients with psori-
asis, providing key evidence for the importance of
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Table III. Potential mediators in the association of serum 25-hydroxyvitamin D with the risk of overall mortality
and incident cardiovascular disease among patients with psoriasis

HR (95% CD

Model information

Adjusted for the mediator

Mediation proportion (%)* (95% CI) P value for mediation

Overall mortality
Fully-adjusted model’ + HbA1c 0.54 (0.4, 0.67)
Fully-adjusted model® + BMI 0.54 (0.43, 0.66)
Fully-adjusted model® + CRP 0.55 (0.44, 0.68)
Fully-adjusted model’ + WBC 0.56 (0.45, 0.70)
Fully-adjusted model® + SlI 0.56 (0.46, 0.70)
Incident cardiovascular disease
Fully-adjusted model’ + HbA1c 0.79 (0.65, 0.98)
Fully-adjusted model® + BMI 0.80 (0.65, 0.98)
Fully-adjusted model®” + CRP 0.81 (0.66, 0.99)
Fully-adjusted model™ + WBC 0.80 (0.65, 0.98)
Fully-adjusted model® + SlI 0.78 (0.64, 0.96)

44 (15,123) .02
2.0 (0.4, 9.5) 1
53 (2.1, 12.6) .008
4.6 (1.5, 13.5) .03
3.7 (0.4, 26.1) 16
24.2 (11.0, 45.2) <.001
9.6 (3.2, 25.4) .008
5.8 (1.5, 20.0) .04
3.3 (04, 21.7) 15

BMI, Body mass index; CRP, C-reactive protein, mg/L; HbATc, glycated hemoglobin, mmol/mol; Sli, systemic immune-inflammation index;

WBC, white blood cell (leukocyte) count, 10° cells/Liter.

*The mediation proportions were estimated through comparing the highest category to the lowest category of serum 25-hydroxyvitamin D
concentration. Participants with missing value on a potential mediator were excluded from the specific mediation analysis. For overall
mortality, a total of 4880, 5077, 5090, 4989, and 4978 participants were included in the mediation analysis of HbA1c, BMI, CRP, WBC, and S,
respectively. For incident cardiovascular disease, a total of 4421, 4603, 4613, 4517, and 4506 participants were included in the mediation
analysis of HbA1c, BMI, CRP, WBC, and SlI, respectively. Serum biomarkers were nature log-transformed before mediation analyses.
fAdjusted for age, sex, ethnicity, SES (low or high), blood collection month, sun-exposure time in summer (continuous variable, hours/day),
assessment center, body mass index (<25, 25-<30, or =30 kg/m?), smoking status (never, former, or current), alcohol status (never, former,
or current), dietary quality score (continuous variable), sleep pattern (poor or intermediate, or healthy), physical activity (low, moderate, or
high), use of vitamin D supplements (yes or no), duration of psoriasis (continuous variable, years), and history of diabetes or high total
cholesterol (yes or no). In the analysis of overall mortality, history of cardiovascular disease (yes or no) was further adjusted for. In the analysis
of incident cardiovascular disease, participants with a history of cardiovascular disease at baseline were excluded.

maintaining adequate vitamin D levels in the pre-
vention of mortality and CVD in this patient
population.

The mechanisms underlying the inverse associa-
tion of vitamin D with risk of mortality and CVD
among individuals with psoriasis remain to be
explored. However, a complex involvement of in-
flammatory responses, impaired glucose meta-
bolism, obesity-related pathways, and renin-
angiotensin-aldosterone pathways might
contribute.”***" patients with psoriasis demon-
strate often an activation of immune and inflamma-
tory responses, dysregulated lipid and glucose
metabolism, insulin resistance, and obesity.z’“’44
Experimental studies have demonstrated that
vitamin D ameliorates inflammatory responses
through the modulation of the Toll-like receptor 4/
Nuclear Factor kappa-light-chain-enhancer of acti-
vated B cells (TLR-4/NF-kB) signaling cascade,
thereby attenuating the synthesis and release of
proinflammatory factors.”” This is in line with our
finding that inflammation factors, including CRP,
white blood cell count, and SII, partly accounted
for the associations. Previous in vitro and in vivo
studies have also suggested that vitamin D deficiency
or vitamin D receptor knockout potentially disrupts

glucose absorption and metabolism and may also
detrimentally affect the activity of pancreatic beta
cells and decrease insulin  secretion.’*"
Concordantly, our mediation analysis revealed that
4.4% of inverse association between vitamin D and
overall mortality among patients with psoriasis was
mediated by HbAlc.

Previous human studies have demonstrated an
elevated risk of vitamin D deficiency among in-
dividuals with obesity.”” The greater storage of
vitamin D in fat tissues may directly lead to low
levels of vitamin D bioavailability.”">* In addition,
vitamin D may exert direct modulatory effects on
adipocyte functions through several pathways,
including inhibition of preadipocyte differentiation,
attenuation of fatty acid synthesis, reduction of lipid
accumulation, and induction of apoptotic processes
of maturing preadipocytes.””*>* In the present
study, we found that BMI accounted for 24.2% of
the association between vitamin D and CVD.
Although not statistically significant, our data sug-
gested that this association was more pronounced
among patients with a high BMI (=30 kg/m?).
Moreover, vitamin D deficiency can potentially
activate renin-angiotensin-aldosterone responses,
dysregulate endothelial function, elevate oxidative
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Groups Cases/total
Overall Mortality
Non-psoriasis 14,850/178,937
Psoriasis
<25 nmol/L 184/1,303
25-<50 nmol/L.  376/3,840
>50 nmol/L 320/3,804
A
Groups Cases/total
Incident CVD
Non-psoriasis 18,098/162,180
Psoriasis
<25 nmol/L 173/1,157
25-<50 nmol/L 456/3,481
>50 nmol/L 436/3,471
B
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HR (95% CI)
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Fig 2. Stratified analyses on the associations of serum 25-hydroxyvitamin D concentrations
with risk of overall mortality (A) and incident cardiovascular disease (B) among patients with
psoriasis, using psoriasis-free individuals as the reference®. *Adjusted for age, sex, ethnicity, SES
(low or high), body mass index (<25, 25-<30, =30 kg/m?), smoking status (never, former, or
current), alcohol status (never, former, or current), dietary quality score (continuous variable),
sleep pattern (poor or intermediate, or healthy), physical activity (low, moderate, or high), use
of vitamin D supplements (yes or no), and history of diabetes or high total cholesterol (yes or
no). In the analysis of overall mortality, history of CVD (yes or no) was further adjusted for. In
the analysis of incident CVD, participants with a history of CVD at baseline were excluded.
Individuals without psoriasis were used as the reference in all analyses. Squares represent point
estimates for HRs, whereas horizontal lines represent the 95% Cls. CI, Confidence interval;

CVD, cardiovascular disease; HR, hazard ratio.

stress, induce foam cell formation, and disrupt
macrophage-mediated  cholesterol  absorption,
accelerating the development and pathogenesis of
CVD.”” " Regardless, although a large body of evi-
dence has demonstrated a significantly increased risk
of mortality and CVD events among patients with
psoriasis,” " to the best of our knowledge, the
present study is the first to elucidate that psoriasis-
related excess risk of mortality and CVD events can
be remarkably attenuated by an optimal level of
serum 25(OH)D (ie, =50 nmol/L).

Main strengths of the present study include
relatively large sample size of individuals with pso-
riasis, and the prospective nature of data collection in
the UK Biobank, which enabled us to meticulously
control for a wide range of potential confounding
factors, including duration of psoriasis, month of
blood collection, level of sun exposure, SES, and

genetic susceptibility to CVD. For example, serum
concentrations of vitamin D have been shown to be
associated with SES,°"** whereas a higher level of
SES might be related to healthier lifestyle and better
access to healthcare.®” > SES may therefore serve as
a confounding factor for the studied associations.
However, several potential limitations of this study
should also be mentioned. First, serum 25(OH)D
levels were only assayed at recruitment, and could
have changed during the follow-up. Previous studies
have, however, shown that a single measurement of
25(OH)D may suffice as a reliable marker for vitamin
D status.”® Second, majority of serum 25(OH)D is
bound to vitamin D binding proteins, with only a
minor proportion being bioavailable.”” Further
studies are warranted to address the associations of
bioavailable vitamin D with disease risk in individ-
uals with psoriasis. Third, despite multivariable
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adjustment and stratified/sensitivity analyses, the
possibility of residual confounding cannot be ruled
out. As a result, our findings cannot infer causality,
given the observational nature of the study. Similarly,
our study cannot infer that supplementation of
vitamin D might lead to a decreased risk of CVD
and mortality among psoriasis patients. Further
investigation is warranted to assess whether poten-
tial approaches to increasing the circulating levels of
vitamin D (e, vitamin D supplementation and
healthy diet) could modulate disease risk among
psoriasis patients. Finally, majority of study partici-
pants were White European, which may have limited
the generalizability of findings to other race/ethnic
populations.

In summary, in a prospective cohort study of
nearly 9000 psoriasis patients, we found that a higher
level of serum 25(OH)D was associated with a lower
risk of overall mortality and CVD. The inverse
associations were nonlinear, reaching a plateau at a
level of 50 nmol/L. Notably, psoriasis patients with
high levels of serum 25(OH)D (ie, =50 nmol/L) did
not seem to have excess risk of mortality and CVD
outcomes, compared with their psoriasis-free coun-
terparts. These findings highlight the importance of
maintaining an adequate vitamin D level in the
prevention of mortality and CVD among individuals
with psoriasis.
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