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Abstract

Background The relationship between psoriasis and aging remains unclear. Biological age is considered as a tool
for strong association with aging, but there is a lack of reports on the relationship between biological age and psoria-
sis. Therefore, this study aimed to explore the relationship between biological age and psoriasis.

Methods Patients with psoriasis and non-psoriasis were recruited from National Health and Nutrition Examination
Survey (NHANES) (12,973 cases), Medical Information Mart for Intensive Care (MIMIC-IV) (558 cases) and The First Clini-
cal Medical College of Zhejiang Chinese Medical University (206 cases). Biological age was calculated using Klemera-
Doubal method age (KDM-age) and phenotypic age (PhenoAge). Linear regression and logistic regression were used
to explore the association between psoriasis and biological age advance. Cox regression was used to investigate

the association between biological age advance and mortality. Finally, biological age advance was used to predict
the death of psoriasis patients.

Results In NHANES, linear regression showed that psoriasis led to a 0.54 advance in PhenoAge (Adjust Beta: 0.54,
95Cl:0.12-0.97, p=0.018). The KDM-age advance due to psoriasis was not statistically significant (p=0.754). Using data
from China, we came to the new conclusion that for every unit rise in Psoriasis Area and Severity Index, PhenoAge
advance rose by 0.12 (Beta: 0.12, 95CI: 0.01-0.22, p=0.031). Using NHANES data, cox regression shows for every unit
rise in PhenoAge advance patients had an 8% rise in mortality (Adjust hazard ratio: 1.08, 95CI: 1.04-1.12, p<0.001).
Using MIMIC-IV, logjistic regression showed a 13% increase in mortality within 28 days of admission for every 1 unit
rise in PhenoAge advance (odds ratio: 1.13, 95CI: 1.09-1.18, P<0.001). Finally, we used PhenoAge advance to predict
death, with an AUC of 0.71 in the NHANES, an ACU of 0.79 for predicting death within 1 years in the general ward

of MIMIC-IV. In the ICU of MIMIC-IV, the AUC for predicting death within 28 days was 0.71.

Conclusion Psoriasis leads to accelerated biological aging in patients, which is associated with the severity of pso-
riasis and more comorbidities. In addition, PhenoAge has the potential to monitor the health status of patients
with psoriasis.
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Background

Psoriasis is an immune-mediated genetic disorder char-
acterized by scaly skin lesions [1], affects approximately
0.14%-1.99% of the global population [2]. Compared
to the general population, patients with psoriasis are at
increased risk for immune and metabolic comorbidities
including cardiovascular disease, diabetes mellitus, meta-
bolic dysfunction-associated steatotic liver disease and
inflammatory bowel disease [3—5]. A survey based on the
United States population noted that psoriasis was associ-
ated with an increased risk of all-cause mortality (hazard
ratio (HR): 1.99, 95% CI: 1.01-3.93, p=0.047) [6]. It has
been noted that the risk of cardiovascular death is 19%
higher in patients with psoriasis than in the general pop-
ulation [7], and the risk of cancer death is 22% higher in
patients with severe psoriasis than in the general popula-
tion [8]. All this evidence suggests that psoriasis may lead
to a reduction in life expectancy. Therefore, accurately
identifying the risk factors that contribute to reduced life
expectancy in patients with psoriasis and precise testing
the health status of patients with psoriasis are critical to
improving the disease burden of psoriasis.

Aging is a complex process at the biological level, char-
acterized by the cumulative effects of various molecular
and cellular damages over time [9]. The process of bio-
logical aging occurs at different rates between individuals
with the same chronological age, making biological age a
better indicator of human health compared to actual age
[10]. Biological age is now widely used to quantify biolog-
ical aging to study risk factors that alter the rate of aging
and to predict age-related outcomes [11]. Studies have
shown that increasing biological age is associated with
an increased risk of a variety of adverse outcomes (e.g.,
cancer, depression, autoimmune disease, and death) [12—
14]. Psoriasis is a disease based on an immune disorder
[15], and immune senescence is widely recognized as an
important component of biological aging [16]. Chronic
inflammation in psoriasis may lead to changes in markers
of aging. Therefore, biological age may be a better indica-
tor than chronological age of the biological aging burden
of psoriasis. Using biological age, we can explore in depth
whether psoriasis leads to accelerated biological aging. In
addition, current psoriasis assessment tools are based on
skin lesion scores and quality of life scores, and there is
a lack of tools for overall assessment of the health status
of psoriasis patients [17]. Biological age reflects the over-
all health status of patients to some extent, we therefore
believe that biological age has the potential to be a health
detection tool for psoriasis patients.

Commonly used biological ages constructed on the
basis of clinical indicators include the Klemera-Doubal
method age (KDM-age) and phenotypic age (PhenoAge)
[14, 18]. KDM-age models biological age as an average
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biological state associated with a specific actual age in a
reference population, which assumes that the biological
age increases linearly over time. PhenoAge models bio-
logical age as an average biological state associated with
a specific level of mortality risk in a reference population,
which assumes that the biological age increases exponen-
tially over time. These approaches combine information
from biomarkers of multiorgan system integrity and have
shown consistent evidence in studies predicting mortal-
ity and aging-related morbidity.

Based on the current literature, the relationship
between psoriasis and biological aging remains unclear.
A case—control study with a sample size of 40 people
showed no association between psoriasis and biological
age accelerated [19]. A case—control study with a sam-
ple of 70 people showed that female with psoriasis had
a higher epigenetic age than healthy controls [20]. We
believe that the contradictory results may be due to the
small sample size of the current studies, which leads to
the randomness of the conclusions. Therefore, the aim of
this study was using multiple large databases to provide
high-quality evidence on the relationship between bio-
logical aging and psoriasis.

The significance of our study is twofold: first, to dem-
onstrate the disease burden of psoriasis from a biological
aging perspective, which has been less frequently men-
tioned in previous studies. Second, if the biological age
physical examination accurately reflects the health status
of psoriasis patients, then targeting early proactive inter-
ventions in psoriasis patients with accelerated biological
age advance may become a more individualized treat-
ment option.

Our study was divided into three parts: firstly, we com-
pared the differences in biological age advance between
the psoriasis population and the general population
based on data from National Health and Nutrition Exam-
ination Survey (NHANES) and validated the findings
using patients recruited from The First Clinical Medical
College of Zhejiang Chinese Medical University; sec-
ondly, we investigated the relationship between biological
age advance and short- and long-term mortality of pso-
riasis patients based on follow-up data from NHANES
and Medical Information Mart for Intensive Care-IV
(MIMIC-1V); finally, we attempted to predict all-cause
death in psoriasis patients using biological age advance.

Materials and methods

Study design and population

In this study, we collected data on biological age and
death in psoriasis patients and non-psoriasis patients
from the NHANES, MIMIC and The First Clinical Medi-
cal College of Zhejiang Chinese Medical University. The
research process can be seen in Fig. 1.
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subjects were reviewed.

Fig. 1 Flow chart

NHANES is an ongoing U.S. national cross-sectional
survey that collects health-related information from the
U.S. civilian population every two years. Participants are
interviewed at home and then invited to a mobile screen-
ing center to undergo a variety of tests and provide blood
samples. Open data can be accessed from the https://
www.cdc.gov/nchs/nhanes. A total of 31,007 NHANES
subjects from three cycles, 2003-2004, 2005—-2006, and
2009-2010, participated in this study. Inclusion criteria
included (1) age between 20 and 90 years. Exclusion cri-
teria included: (1) subjects with more than 1/3 missing
data; (2) subjects who did not answer the question “Have
medical personnel ever told you that you have PSO” or
“Has a doctor or other health care professional ever told
you that you have PSO” All NHANES protocols were
approved by the NCHS Research Ethics Review Board
(Protocol #98- 12, Continuation of Protocol #2005-06,
Continuation of Protocol #2011-23, http://www.cdc.
gov/nchs/nhanes/irba98.htm) and informed consent was
obtained at participant enrollment.

MIMIC is an NIH-funded medical database that col-
lects information on a large number of hospitalized
patients, and publicly available data can be found at
https://mimic.mit.edu. This study utilized data from
the publicly available MIMIC-IV. A total of 312 psoria-
sis patients admitted to the general ward and 246 pso-
riasis patients admitted to the intensive care unit were
included in this study. Inclusion criteria included: (1)

death within 28 days of
admission.

predict patients' 28-day
mortality.

age between 18 and 90 years; (2) fulfilment of the diag-
nostic code for psoriasis. Exclusion criteria included:
(1) subjects with more than 1/3 missing data. For
compliance, author Zheng Lin obtained a Collabora-
tive Institutional Training Initiative (CITI) (record ID:
13,501,620) and the necessary permissions to use the
MIMIC-IV database. The database includes compre-
hensive information on each patient’s length of stay,
laboratory tests, medication administration, and vital
signs. To protect patient privacy, all personal informa-
tion is de-identified and random codes are used instead
of patient identifiers. Therefore, this section does not
require patient consent or ethical approval.

In this study, 103 patients with psoriasis and 103
physical examination subjects who attended our hospi-
tal from January 2020 to January 2021 were reviewed
from The First Clinical Medical College of Zhejiang
Chinese Medical University. Inclusion criteria included
(1) age between 18 and 90 years old; (2) meeting the
diagnosis of psoriasis or confirming the absence of
psoriasis. Exclusion criteria included (1) subjects with
more than 1/3 missing data; (2) Patients who used sys-
temic therapy drugs (such as hormones and biologics)
1 month before admission. The protocol was approved
by the Ethics Review Committee of The First Clinical
Medical College of Zhejiang Chinese Medical Univer-
sity. Since we only reviewed the existing database, the
Ethics Committee exempted patients from informed
consent (2024-KLS-683-01).
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Evaluation of psoriasis

Among NHANES participants, if participants answered
yes to the questions “Have medical personnel ever told
you that you have psoriasis” or “Has a doctor or other
health care professional ever told you that you have pso-
riasis’, the participant was considered to have psoriasis.

In MIMIC-IV, patients are considered to have psoria-
sis if their disease codes include psoriasis (10-L40), pso-
riasis vulgaris (10-L400), arthropathic psoriasis (10-L405,
10-L4050), psoriatic arthritis (9-6960), generalised pus-
tular psoriasis (10-L401), psoriasis punctata (10-L404),
distal interphalangeal psoriasis arthropathy (10-L4051),
disfiguring psoriatic arthritis (10-L4052), and other pso-
riatic arthropathies (10-L4059), then one would be con-
sidered to have psoriasis.

Patients recruited from The First Clinical Medical Col-
lege of Zhejiang Chinese Medical University were diag-
nosed by experienced dermatologists based on typical
lesions and dermoscopy, with reference to the diagnos-
tic criteria of the Chinese Psoriasis Guidelines [21]. The
specific criteria were as follows: typical lesions: lesions
of infiltrative erythema covered with white or silvery-
white scales with wax droplets, membranous phenom-
ena, and punctate hemorrhages; dermoscopy: uniformly
distributed punctate and spherical blood vessels on a
red background with diffuse white scales. At more than
50 x magnification, these punctate and spherical vessels
appear as clusters of capillaries.

Evaluation of covariates

Among NHANES participants, we collected the follow-
ing covariates, including age, gender (male and female),
race/ethnicity (Mexican American, Other Hispanic,
Non-Hispanic White, Non-Hispanic Black, Other Race),
educational attainment, income (whether greater than
$20,000), average level of physical activity, body mass
index (BMI), history of smoking, alcohol use, diabetes,
hypertension, kidney disease, liver disease, thyroid dis-
ease, history of heart disease, history of cancer, dietary
inflammatory index (DII). Participants who responded
affirmatively to the question “Smoked at least 100 ciga-
rettes in lifetime” were considered to have a history of
smoking. Participants who answered “yes” to the ques-
tion “more than 12 drinks per year” were considered to
have a history of alcohol consumption. Comorbidities
were assessed by self-report, such as participants who
answered “yes” to the question “Your doctor told you
that you have diabetes” were considered to have diabetes.
DII was calculated using the Dietindex package in R [22].
NHANES participants’ mortality were obtained from the
National Death Index, available from https://www.cdc.
gov/nchs/ndi.
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Among MIMIC-IV study participants, we collected
the following covariates, including age, gender (male and
female), race/ethnicity (Asian, Black, Hispanic, unknown,
White), history of myocardial infarction, congestive
heart failure, peripheral vascular disease, cerebrovascu-
lar disease, chronic lung disease, rheumatic disease, can-
cer, liver disease, and diabetes. All comorbidities were
retrieved by the corresponding disease code. MIMIC-IV
was linked to the Social Security system to obtain the
date of the patient’s out-of-hospital death, so the mor-
tality of MIMIC-IV’s study participants was obtained
through records in MIMIC-IV.

The following covariates were collected from patients
attending The First Clinical Medical College of Zhe-
jiang Chinese Medical University, including age, gen-
der (male and female), BMI, smoking history, alcohol
use, diabetes mellitus, hypertension, and Psoriasis Area
and Severity Index (PASI). All past medical history was
obtained through patient self-report and PASI was used
to comprehensively assess psoriasis severity. PASI was
calculated by calculating the scores of four zones: head
and neck, trunk, upper limbs and lower limbs, the sum
of which is the PASI, with higher scores suggesting
higher psoriasis severity [17]. The specific formula is
PASI=0.1 X BSA (percentage of damaged surface in each
body part) x E (including grade of color, thickness, scales,
and erythema) x S (score for four specific body parts).

Calculation of biological age

In this study, two classical algorithms were used to quan-
tify biological aging: the KDM-age and the PhenoAge
[14, 18]. KDM-age: calculated from clinical indices such
as alkaline phosphatase, albumin, glycosylated haemoglo-
bin, total cholesterol, systolic blood pressure, creatinine,
C-reactive protein, and blood urea nitrogen concentra-
tions. PhenoAge: calculated from alkaline phosphatase,
albumin, glucose, creatinine, C reactive protein concen-
tration, erythrocyte distribution width, lymphocyte per-
centage, mean cell volume, and white blood cell count.
Four points should be noted in particular: 1. Systolic
blood pressure in the NHANES data was taken as the
mean of two measurements; 2. Systolic blood pressure in
the MIMIC-1IV general ward data was not openly avail-
able due to database limitations, so systolic blood pres-
sure was excluded from the modelling and calculation of
the KDM-age in this group of patients; 3. Serum data in
all MIMIC-IV patients were taken from the first day of
examination on admission to the ward, and if there were
multiple examinations, the mean value was taken; 4. At
The First Clinical Medical College of Zhejiang Chinese
Medical University, all serological indicators were col-
lected according to the following criteria: Venous blood
was collected from the anterior elbow vein after all
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subjects fasted for 1 night (minimum 8 h) and analyzed
in the central laboratory according to standard laboratory
procedures.

Quantifying Patient Biological Aging Using the Bio-
Age package in R [23], available from https://github.
com/dayoonkwon/BioAge. This package implements a
method for modelling to calculate biological aging using
NHANES III (1988—1994) data and allows for projection
of the model to NHANES IV (1999—2018) or other data-
sets. KDM-age advance or PhenoAge advance is defined
as the difference in age calculated by KDM-age or Phe-
noAge difference calculated relative to the actual age at
the time of the biomarker measurement. Biological age
advance acceleration was defined as KDM-age advance
greater than 0 or PhenoAge advance greater than 0.

Statistical analysis

Before the data were analyzed, we performed some pro-
cessing of the data. After excluding study participants
with more than 30% of missing variables, there were still
some missing values in NHANES and MIMIC-1V, and to
solve this problem, we used random forest regression to
estimate the missing data. Study participants from The
First Clinical Medical College of Zhejiang Chinese Medi-
cal University had good completeness and did not need
to fill in. For ease of calculation, categorical variables
were handled as follows: gender was coded as male 1 and
female O; dichotomous variables (smoking history, drink-
ing history, etc.) were coded with 1 for yes and 0 for no.

All variables were first subjected to univariate analy-
sis of variance, with normal continuous data expressed
as mean *standard deviation, skewed continuous data
expressed as median (upper quartile, lower quartile),
and categorical parameters expressed as n (percentage).
Continuous data were tested for normality using Shap-
iro’s test and histograms, with p<0.05 considered nor-
mal. Continuous normal data were tested using the t-test,
continuous skewed data were tested using the Wilcoxon
M-W test, and non-parametric data were tested using the
Pearson chi-square test, with p<0.05 being considered a
statistically significant difference. All data in this paper
were analyzed using R version 4.4.2 (R Foundation for
Statistical Computing, Vienna, Austria) for data analysis.

Given the complexity of the NHANES sampling design
and in accordance with the NHANES analytical and
reporting guidelines, this study weighted the partici-
pant samples from 2003-2006 and 2009-2010 to ensure
national representation.

In the first part of the study, we compared differ-
ences in biological age advance between the psoriasis
population and the general population based on data
from NHANES. For NHANES study participants: 1. we
used weighted linear regression to estimate the beta of
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increased biological age due to psoriasis and weighted
logistic regression to estimate the odds ratio of psoria-
sis leading to biological age advance acceleration; 2. we
assessed the linear relationship between biological age
advance and risk of psoriasis by restricted cubic spline
regression; 3. correlation tests were performed to reveal
serum markers that were strongly associated with bio-
logical age advance in patients with psoriasis. Subse-
quently, we used logistic regression and linear regression
to validate the conclusions based on subjects recruited
from The First Clinical Medical College of Zhejiang Chi-
nese Medical University, and used linear regression and
restricted cubic spline analysis to further explore the
relationship between PASI and PhenoAge advance in
psoriasis patients.

In the second part of the study, we investigated the
association between biological age advance and short-
and long-term mortality of patients with psoriasis based
on follow-up data in NHANES and MIMIC-IV. For the
psoriasis cohort in NHANES, Kaplan—-Meier (KM)
curves and weighted cox regression were used to explain
the association between biological age advance and all-
cause mortality. For psoriasis patients in the general ward
of MIMIC-1V, we used KM curves and cox regression to
validate the association between biological age advance
and all-cause mortality. For psoriasis patients admitted to
the ICU in MIMIC-1V, we used logistic regression to esti-
mate the association between biological age advance and
death within 28 days of admission.

In the third part of the study, we used data from
NHANES and the general ward at MIMIC-1V, analyze the
efficacy of using biological age advance to predict patient
all-cause mortality by ROC curves. In addition, we used
data from psoriasis patients on the MIMIC-IV intensive
care unit to use ROC curves to analyze the use of biologi-
cal age to predict patients’ 28-day mortality in advance of
admission. All predictions were evaluated using accuracy,
precision, recall, specificity, area under the curve (AUC)
and confusion matrix.

Based on all regression models developed by NHANES
participants, Model 1 did not adjust for any variables,
Model 2 adjusted for age, gender, race/ethnicity, educa-
tion, income, average physical activity level, BMI, his-
tory of smoking, history of alcohol use, and Model 3
which was based on Model 2 adjusted for diabetes mel-
litus, hypertension, renal disease, liver disease, thyroid
disease, history of cardiac disease, and history of cancer.
In addition, all regression models were analyzed in sub-
groups according to gender, age (>30), whether or not
they smoked, hypertension, and cancer. For the regres-
sion models based on participants from The First Clinical
Medical College of Zhejiang Chinese Medical University,
model 1 was not adjusted for any variables, and model
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2 was adjusted for age, sex, body mass index, smoking,
alcohol consumption, diabetes and hypertension. Based
on regression models developed by MIMIC-IV partici-
pants, model 1 was not adjusted for any variables, and
model 2 was adjusted for age, sex, race/ethnicity, history
of myocardial infarction, congestive heart failure, periph-
eral vascular disease, cerebrovascular disease, chronic
lung disease, rheumatic disease, cancer, liver disease,
and diabetes. The cutoff value for biological age advance
to predict patient all-cause mortality was implemented
through the cutoff package in R. This R package enables
the calculation of cutoff values that balance sensitivity
and specificity.

Results

Baseline information

Of the 31,007 participants recruited to NHANES in
2003-2006 and 2009-2010, 14,349 (46.27%) partici-
pants in the study had missing psoriasis status data, and
3,685 (11.88%) of the remaining patients had more than
30% of the missing data. A final 12,973 participants were
included in this study, of which 343 (weighted percent-
age 3.12%) had psoriasis. The mean age of all NHANES
participants included was 41 years, 51% participants were
female (Table 1). The mean age of the 103 patients with
psoriasis recruited at The First Clinical Medical College
of Zhejiang Chinese Medical University was 45 years,
35% participants were female (Table 2). The mean age
of the 312 psoriasis patients admitted to the general
ward of the MIMIC-IV were 60 years, 46% participants
were female (Table 3). The mean age of the 246 patients
with psoriasis admitted to the intensive care unit of the
MIMIC-IV were 60 years, 42% participants were female
(Table 4). When examining baseline comparisons of
participants, we found that patients with psoriasis were
older, had a higher BMI, were more likely to smoke, and
had a greater risk of having high blood pressure, heart
disease, and cancer.

Comparison of baseline and aging markers in patients
with psoriasis between the NHANES, MIMIC and China
cohorts can be seen in supplementary tables 1-2. After
pair-to-pair comparison, we found that the heterogeneity
between NHANES and China cohorts was small, while
the heterogeneity between MIMIC and the above two
cohorts was large.

Differences of biological age advance between psoriasis
populations and the general population

PhenoAge advance was more accelerated in patients
with psoriasis compared to the general population in
NHANES (p=0.001), while KDM-Age advance did
not differ between the two (p=0.754). Patients judged
to have PhenoAge advance acceleration accounted for
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46.6% of patients with psoriasis compared to 37% in the
general population, a statistically significant difference
(p<0.001). There was no significant difference in the pro-
portion of patients with psoriasis and the general popu-
lation in determining KDM-Age advance acceleration
(»=0.280) (Table 1).

In weighted linear regression (Fig. 2 A, B, C), model
3 showed that after adjusting for demographic vari-
ables and comorbidities, psoriasis caused PhenoAge
advance accelerated 0.54 years (Adjust Beta (AB): 0.54,
95CI: 0.12-0.97, p=0.018). This feature was significant
in the subgroups of female (AB: 0.83, 95CI: 0.16-1.51,
p=0.021), age>30 years (AB: 0.60, 95CI: 0.11-1.09,
p=0.023). No statistically significant in KDM-Age
advance due to psoriasis was seen compared to the gen-
eral population (AB: -0.07, 95CI: -0.91-0.77, p=0.871).

In weighted logistic regression (Fig. 2 D, E, F), model
3 showed an 0.41-fold increase in the probability that
psoriasis would lead to PhenoAge advance accelera-
tion (adjusted odds ratio (AOR): 1.41, 95CI: 1.09-1.82,
p=0.011). This feature was more pronounced in female
(AOR: 1.71, 95CI: 1.28-2.28, p=0.001), those older than
30 years (AOR: 1.51, 95CI: 1.13-2.03, p=0.007), smokers
(AOR: 1.45, 95CI: 1.06-1.98, p=0.021), and those with
hypertension (AOR: 1.7, 95CI: 1.06-2.72, P=0.028), and
cancer patients (AOR: 2.12, 95CI: 1.17-3.83, P=0.015).
The probability of KDM-Age advance acceleration due
to psoriasis was not statistically significant compared
to the general population (AOR: 1.15, 95CI: 0.85-1.56,
P=0.349).

In a restricted cubic spline regression (Fig. 3), we
found that, with or without adjustment, the association
between PhenoAge advance and risk of psoriasis was
monotonically increasing when the PhenoAge advance
was greater than 0.

Correlation analysis showed (Fig. 4) that the three
serum indicators most associated with PhenoAge
advance in psoriasis patients were red blood cell distri-
bution width (cor=0.74), C-reactive protein (cor=0.52),
and white blood cell count (cor=0.47).

In the study subjects recruited from The First Clinical
Medical College of Zhejiang Chinese Medical University,
patients with psoriasis had a more accelerated PhenoAge
advance (p<0.001), and those judged to have accelerated
PhenoAge accounted for 55% of psoriasis patients, com-
pared to 23% of the general population, a difference that
was statistically significant (p <0.001). In linear regression
(Fig. 5 A), adjusted to show that after adjusting for demo-
graphic variables and comorbidities, psoriasis resulted
in 1.97 years of PhenoAge advance acceleration (Beta:
1.97, 95CI: 0.54-3.39, p=0.007). In logistic regression
(Fig. 5 B), after adjustment, psoriasis resulted in a 3.07-
fold increase in the probability that PhenoAge advance



Lin et al. Immunity & Ageing (2025) 22:6 Page 7 of 23
Table 1 Characteristics of adults in National Health and Nutrition Examination Survey 2003-2006 and 2009-2010
Variables Non-psoriasis, n=12,630 (weighted& Psoriasis, n=343 (weighted& p-value
% =96.88) %=3.12)
Gender 0.786
Male 6060 (48.8) 163 (49.6)
Female 6570 (51.2) 180 (50.4)
Age 41.50+14.67 4430+14.11 <0.001**
Race/ethnicity <0.001**
Mexican American 2570 (9.3) 33(3.5)
Other Hispanic 896 (4.5) 21(2.9)
Non-Hispanic White 5836 (67.7) 230(82.4)
Non-Hispanic Black 2664 (12.1) 44 (6.7)
Other Race—Including Multi-Racial 664 (6.4) 15 (4.5)
Education 0.694
Did not graduate high school 3141 (16.6) 71 (14.8)
High school graduate 3314 (25.1) 84 (23.2)
Did not graduate college 3731 (32.6) 107 (35.0)
College graduate 2444 (25.7) 81(26.9)
Annual household income 0.821
<$20,000 2480 (13.5) 77 (13.9)
>$20,000 10,150 (86.5) 266 (86.1)
BMI 2841+6.71 29.99+7.07 <0.001**
Smoking <0.001**
Yes 5520 (454) 202 (59.6)
No 7110 (55.6) 141 (404)
Drinking 0.345
Yes 9291 (78.0) 270 (80.8)
No 3339 (22.0) 73(19.2)
Average physical activity level 0679
Vigorous work activity 2837 (24.7) 80 (26.1)
Moderate to low intensity work activities 9793 (75.3) 263 (73.9)
Diabetes 0.446
Yes 1210 (7.6) 42 (8.9)
No 11,420 (924) 301 (91.1)
Hypertension 0.001**
Yes 3302 (23.9) 134 (34.1)
No 9328 (76.1) 209 (65.9)
Kidney disease 0.147
Yes 261 (1.5) 11 (2.6)
No 12,369 (98.5) 332(97.4)
Liver disease 0.336
Yes 373 (3.0) 16 (3.8)
No 12,257 (97.0) 327 (96.2)
Thyroid disease 0456
Yes 960 (8.4) 34(9.9)
No 11,670 (91.6) 309 (90.1)
Heart disease, 0.005**
Yes 630 (4.0) 40(7.2)
No 12,000 (96.0) 303 (92.8)
Cancer <0.001**
Yes 786 (6.4) 45(12.7)
No 11,844 (93.6) 298 (87.3)
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Table 1 (continued)
Variables Non-psoriasis, n=12,630 (weighted& Psoriasis, n=343 (weighted& p-value
% =96.88) %=3.12)

Systolic blood pressure (mmHg) 119.75+15.57 120.84+15.65 0.157
Albumin (g/dL) 4.28+0.34 4234035 0.023*
Alkaline phosphatase (U/L) 67.66+22.59 68.76+22.80 0352
Total cholesterol (mg/dL) 197.44+4133 201.40+4043 0.118
Serum glucose (mg/dL) 530£1.60 526+1.38 0.690
Creatinine (mg/dL) 0.88+0.30 0.90+0.18 0.073
Blood urea nitrogen (mg/dL) 12.19+4.64 12.73+4.99 0.019%
Uric acid (mg/dL) 5354137 5461134 0.121
C-reactive protein (mg/dL) 0.38+0.75 047+092 0112
Glycohemoglobin (%) 547+082 548+0.77 0.831
White blood cell count (1000 cells/ul) 729+2.14 7434205 0.204
Lymphocyte (%) 30.38+7.83 29.09+7.67 0.017*
Red cell distribution width (%) 12.66+1.08 12.86+1.24 0.004**
Mean cell volume (fL) 89.81+5.20 90.19+5.84 0.329
DIl 097+1.51 093+1.55 0.717
PhenoAge 41.06+15.18 4464+14.99 <0.007**
PhenoAge advance -044+4.38 0.34+4.83 0.001**
PhenoAge advance acceleration <0.001**

Yes 5271 (37.0) 173 (46.6)

No 7359 (63.0) 170 (53.4)
KDM-Age 39.28+15.26 422341452 <0.007**
KDM-Age advance -222+864 -2.08+7.58 0.754
KDM-Age advance acceleration 0.280

Yes 4766 (34.7) 129 (38.0)

No 7866 (65.3) 214 (62.0)

Values that are statistically significant (two-side P value <0.05) are indicated by *; Values that are statistically significant (two-side P value <0.01) are indicated by **;
BMI Body mass index (calculated as kg/m2); NHANES National Health and Nutrition Examination Survey; &Weighted percentage was calculated using NHANES survey
design parameters, DIl Dietary inflammation index, HEI2015 Healthy eating index, KDM-Age Klemera-Doubal method age

would be accelerated earlier (OR: 4.07, 95CI: 2.02-8.5,
p<0.001). In addition, we found (Fig. 5A) that linear
regression showed an 0.12 rise in PhenoAge advance in
psoriasis patients for each unit rise in PASI (Beta: 0.12,
95CI: 0.01-0.22, p=0.031). In the restricted cubic spline
regression (Fig. 5 C), we found a monotonically increas-
ing association between PhenoAge advance and PASI
when PhenoAge advance was greater than 0, with or
without adjustment.

Relationship between biological age and short-

and long-term mortality of patients with psoriasis

For the psoriasis population in NHANES, based on uni-
variate analysis (Table 5), we found that psoriasis patients
who died within a median follow-up time of 10.83 years
(interquartile range (IQR): 9.75-14.67) were older, had a
higher BMI, a higher proportion of smokers, and had a
higher risk of suffering from hypertension, diabetes mel-
litus, liver disease, heart disease, and cancer than surviv-
ing psoriasis patients. The KM curve shows that (Fig. 6)

that survival was significantly lower in psoriasis patients
with PhenoAge advance acceleration than in other pso-
riasis patients (P<0.001). Weighted cox regression analy-
sis (model3) showed (Fig. 7) that for every 1 unit (year)
rise in PhenoAge advance, all-cause mortality during the
follow-up period increased by 8% in patients (AHR: 1.08,
95CI: 1.04-1.12, P<0.001). This feature was more pro-
nounced in those who older than 50 years (AHR: 1.15,
95CI: 1.09-1.21, P<0.001), smoked (AHR: 1.11, 95CI:
1.05-1.16, P<0.001), hypertensive patients (AHR: 1.13,
95CI: 1.07-1.19, P<0.001) and cancer patients (AHR:
1.44, 95CI: 1.17-1.72, P=0.009). Meanwhile, PhenoAge
advance acceleration resulted in a 2.67-fold increase in
all-cause mortality during follow-up (AHR: 3.67, 95CI:
2.95-4.4, P<0.001), a feature that was more pronounced
in males (AHR: 6.08, 95CI: 4.9-7.25, P=0.003), those
older than 50 years (AHR: 6.31, 95CI: 5.43-7.2, P<0.001),
smokers (AHR: 3.41, 95CI: 2.54—4.28, P=0.006), hyper-
tensive patients (AHR: 3.99, 95CI: 3.12-4.86, P=0.002)
and cancer patients (AHR: 11.23, 95CL: 9.42-13.04,
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Table 2 Characteristics of adults in the First Clinical Medical College of Zhejiang Chinese Medical University
Variables Non-psoriasis (n=103) Psoriasis (n=103) p
Gender 0.368
Male 74(72) 67 (65)
Female 29 (28) 36 (35)
Age 59 (49, 65) 45 (34, 55.5) <0.001
BMI 24.32 (22,51, 26.85) 24.96 (22.66, 27.56) 0.386
Smoking 0485
Yes 23 (22) 18 (17)
No 80 (78) 85 (83)
Drinking 0.01
Yes 19(18) 6 (6)
No 84 (82) 97 (94)
Diabetes 0.064
Yes 12(12) 23(22)
No 91 (88) 80 (78)
Hypertension 0.077
Yes 13(13) 23(22)
No 90 (87) 80 (78)
Albumin (g/dL) 405 (3.8,4.32) 394 (3.68,4.22) 0018
Alkaline phosphatase (U/L) 73 (61, 85) 74 (64, 89) 0.353
Creatinine (mg/dL) 0.8+0.19 0.72+0.14 0.001
Serum glucose (mg/dL) 496 (4.44,545) 499 (4.52,5.52) 0.409
C-reactive protein (mg/dL) 0.1(0.1,0.18) 0.14(0.1,0.45) 0.024
White blood cell count (1000 cells/ul) 5.71(4.86,6.61) 6.4 (5.05,7.55) 0.02
Lymphocyte (%) 31.63+7.48 27.89+8.88 0.001
Red cell distribution width (%) 13(12.65,13.5) 13.2(12.75,13.75) 0.196
Mean cell volume (fL) 91.3(89.05,93.75) 90.1 (86.45, 92.65) 0.015
PhenoAge 58.01 (48.08,62.91) 45.83 (35.96, 56.96) <0.001
PhenoAge advance -2.03 (-3.2,-0.05) 0.78 (-1.4,3.21) <0.001
PhenoAge advance accelerate <0.001
Yes 24 (23) 57 (55)
No 79(77) 46 (45)

Values that are statistically significant (two-side P value <0.05) are indicated by *; Values that are statistically significant (two-side P value <0.01) are indicated by **;

BMI Body mass index (calculated as kg/m2)

P=0.009). Restricted triple spline analysis (Fig. 8) showed
a monotonically increasing relationship between risk of
death and PhenoAge advance in psoriasis patients, with
or without adjustment. In contrast, no statistically signifi-
cant associations were seen between KDM-Age advance
(AHR: 1.01, 95CI: 0.98-1.04, P=0.42) and KDM-Age
advance acceleration (AHR: 1.79, 95CI: 0.96-2.61,
P=0.116) and death in psoriasis patients (Fig. 7).

For the psoriasis population in the general ward of
MIMIC-1V, based on univariate analysis (Table 3), we
found that patients with psoriasis who died within a fol-
low-up time of 1 year were older and had a higher risk of
suffering from cancer, liver disease, and diabetes mellitus.
The KM curves showed (Fig. 9) that psoriasis patients in
the first 50% of the PhenoAge advance had significantly

lower survival than the other psoriasis patients
(P<0.001). Cox regression analysis showed (Fig. 10 A,B)
that, after adjustment, for every 1-unit (year) rise in Phe-
noAge advance, the all-cause mortality rate of patients
during the follow-up period increased by 7% (HR: 1.07,
95CI: 1.04-1.1, P<0.001). Meanwhile, PhenoAge advance
of the first 50% resulted in an 8.6-fold increase in the risk
of all-cause mortality during follow-up in patients with
psoriasis (HR: 9.6, 95CI: 8.39-10.81, P<0.001). KDM-
Age advance was adjusted to show that for every 1-unit
increase in KDM-Age advance (year), the all-cause mor-
tality rate during follow-up increased by 1% in patients
(HR: 1, 95CI: 1.00-1.01, P<0.001). KDM-Age advance
acceleration did not show a significant outcome with all-
cause mortality (HR: 1.76, 95CI: 0.91-2.61, P=0.191).
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Table 3 Baseline characteristics and death information of patients with psoriasis from general ward in Medical Information Mart for

Intensive Care—IV

Variables The viable psoriasis individuals, The deceased psoriasis individuals, p
n=271 (86.9%) n=41(13.14%)

Gender 0.957

Male 147 (54) 23 (56)

Female 124 (46) 18 (44)
Age 59.22+1445 70.83+12.58 <0.001**
Race 0493

Asian 8(3) 2(5)

Black 10 (4) 3(7)

Hispanic 12 (4) 2(5)

Unknown 9(3) 0(0)

White 232 (86) 34 (83)
Albumin (g/dL) 4.1 (3.74,4.4) 34(3.03,36) <0.001**
Alkaline phosphatase (U/L) 81.23 (64,99.61) 99.5 (81, 141.16) <0.001**
Total cholesterol (mg/dL) 17742 (155.65, 198.29) 153.14 (138.59, 166.15) <0.001**
Serum glucose (mg/dL) 6.02 (541, 6.89) 6.84 (6.12,8.77) <0.001**
Creatinine (mg/dL) 0.89(0.74, 1.09) 1.09(0.78, 1.34) 0.015*
Blood urea nitrogen (mg/dL) 15.66 (12.37,20.2) 2347 (14.99,3041) <0.001**
Uric acid (mg/dL) 5.57(5.13,6.16) 5.59(4.96,6.13) 0.956
C-reactive protein (mg/dL) 1.96 (0.56,4.77) 406 (2.63,6.31) <0.001**
Glycohemoglobin (%) 5.76 (5.53,6.18) 591 (5.77,6.85) 0.026*
White blood cell count (1000 cells/ulL) 7.95 (6.54,9.82) 7.95 (6.46,9.55) 0.66
Lymphocyte (%) 21(15.14,27.15) 16.75(11.6,24.33) 0.074
Red cell distribution width (%) 13.9(13.18,15.1) 15.82 (14.75,16.91) <0.001**
Mean cell volume (fL) 91.58 (88.31,94.49) 93.85 (89.76, 102.78) 0.006**
Myocardial infarct 0.331

Yes 20(7) 1)

No 251(93) 40 (98)
Congestive heart failure 0.307

Yes 31(11) 7(17)

No 240 (89) 34 (83)
Peripheral vascular disease 0.509

Yes 18 (7) 4(10)

No 253 (93) 37(90)
Cerebrovascular disease 0.643

Yes 9(3) 2(5)

No 262 (97) 39 (95)
Chronic pulmory disease 0.288

Yes 56 (21) 5(12)

No 215(79) 36 (88)
Rheumatic disease 0.399

Yes 29(11) 2(5)

No 242 (89) 39 (95)
Malignt cancer 0.002**

Yes 16 (6) 9(22)

No 255 (94) 32(78)
Liver disease 0.005**

Yes 23(8) 10 (24)

No 248 (92) 31 (76)
Diabetes 0.036*
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Variables The viable psoriasis individuals, The deceased psoriasis individuals, p
n=271 (86.9%) n=41(13.14%)

Yes 61 (23) 16 (39)

No 210 (77) 25 (61)
PhenoAge 69.49+17.86 89.89+£13.22 <0.001**
PhenoAge advance 8.54 (3.66, 14.87) 16.76 (12.82,22.08) <0.001**
PhenoAge advance top 50 percent <0.002**

Yes 118 (44) 38(93)

No 153 (56) 3(7)
KDM-Age 67.28 (45.21,110.57) 134.41 (74.81,215.81) <0.001**
KDM-Age advance 10.72 (-10.39, 43.27) 56.22 (3.2,135.55) <0.001**
KDM-Age advance acceleration 0.051

Yes 165 (61) 32(78)

No 106 (39) 9(22)

Values that are statistically significant (two-side P value <0.05) are indicated by *; Values that are statistically significant (two-side P value <0.01) are indicated by **;

KDM-Age Klemera-Doubal method age

For the psoriasis population in the MIMIC-IV intensive
care unit, based on univariate analysis (Table 4), we found
that patients with psoriasis who died within 28 days of
admission were older and at higher risk of having periph-
eral vascular disease. Logistic regression analysis showed
(Fig. 10 C,D) that for every 1 unit (year) rise in PhenoAge
advance, patients had a 13% increase in all-cause mortal-
ity within 28 days of admission (OR: 1.13, 95CI: 1.09—
1.18, p<0.001). Meanwhile PhenoAge advance of the first
50% resulted in a 4.3-fold increase in the risk of all-cause
mortality within 28 days of admission in patients with
psoriasis (OR: 5.37, 95CI: 1.95-8.79, P=0.002). Logistic
regression analysis showed that for every 1-unit (year)
increase in KDM-Age advance, all-cause mortality within
28 days of admission in patients increase 2% (OR: 1.02,
95CI: 1.02-1.04, P<0.001), and KDM-Age advance accel-
erated did not show a significant outcome with all-cause
mortality within 28 days of admission in patients (OR:
2.98, 95CI: 1.03-9.6, P=0.054).

Predicting short- and long-term prognosis in psoriasis
patients using biological aging
For the psoriasis population in NHANES (Fig. 11 A), the
AUC for prediction of death within the median follow-up
time using PhenoAge advance was 0.71, with an accuracy
of 0.66, a precision of 0.26, a recall of 0.71, a specificity of
0.65, and a calculated cutoff value of 1. The AUC for pre-
diction of death within the median follow-up time using
KDM-Age advance was 0.52, accuracy was 0.20, preci-
sion was 0.12, recall was 0.71, specificity was 0.11, and
the calculated cut-off value was -10 (Table 6).

For the psoriasis population in the general ward of the
MIMIC-1V (Fig. 11 B), the AUC for prediction of death

within the follow-up time using PhenoAge advance was
0.79, with an accuracy of 0.66, a precision of 0.26, a recall
of 0.88, and a specificity of 0.63, and a calculated cut-off
value of 11. The AUC for the prediction of death within
the follow-up time using KDM-Age advance was 0.67,
accuracy was 0.69, precision was 0.24, recall was 0.61,
specificity was 0.71, and the calculated cut-off value was
36 (Table 6).

For the psoriasis population in the MIMIC-IV inten-
sive care unit (Fig. 11 C), the AUC for prediction of death
within 28 days of admission to the ICU using PhenoAge
advance was 0.71, with an accuracy of 0.37, a precision
of 0.06, a recall of 0.91, and a specificity of 0.34, and a
calculated cut-off value of 11. The AUC for prediction of
ICU admission within 28 days of death using KDM-Age
advance was 0.71, with an accuracy of 0.59, a precision of
0.08, a recall of 0.73, and a specificity of 0.58 (Table 6). All
predicted confusion matrices can be seen in Table 7.

Discussion

This is the first study to use NHANES and MIMIC-IV
to explore the relationship between biological aging
and psoriasis. The results of the first part of our study
were very interesting that psoriasis was an independ-
ent risk factor for PhenoAge advance acceleration in
the NHANES cohort. However, psoriasis did not lead
to KDM-Age advance acceleration. Restricted cubic
spline analysis also showed a robust relationship between
PhenoAge advance and psoriasis. Data from The First
Clinical Medical College of Zhejiang Chinese Medi-
cal University corroborated the findings obtained in
NHANES and suggested a strong association between
psoriasis severity and PhenoAge advance. In addition, we
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Table 4 Baseline characteristics and death information of patients with psoriasis from intensive care unit in Medical Information Mart

for Intensive Care—IV

Variables The viable psoriasis individuals, The psoriasis patients died within 28 days of p
n=235(95.53%) admission to the icu, n

Gender 0.124

Male 133(57) 9(82)

Female 102 (43) 2(18)
Age 60.24+13.76 70.73+144 0.038*
Race 0407

Asian 1(0) 0(0)

Black 13 (6) 0(0)

Hispanic 4(2) 0(0)

Unknown 38(16) 4 (36)

White 179 (76) 7 (64)
Albumin (g/dL) 3.62 (3.25,4.05) 2.85(2.61,3.61) 0.02*
Alkaline phosphatase (U/L) 86.44 (70.25,115.47) 103 (75.3,169.79) 0.186
Total cholesterol (mg/dL) 162.05 (144.29, 183.92) 130 (113.92, 150.39) <0.001**
Serum glucose (mg/dL) 6.53 (5.87,7.88) 6.79 (6.62,7.13) 0.395
Creatinine (mg/dL) 0.96 (0.76, 1.25) 1.55(1.14,2.28) 0.002%*
Blood urea nitrogen (mg/dL) 19.32(13.79, 27.04) 364 (23.5,454) 0.001%*
Uric acid (mg/dL) 6.21(5.7,7.35) 91 (6.64,8.19) 0.02*
C-reactive protein (mg/dL) 81 (1.51,6.78) 6.56 (3.39,9.74) 0.058
Glycohemoglobin (%) 5.84 (5.58,6.64) 5.66 (5.56,5.87) 0.14
White blood cell count (1000 cells/ul) 9.28 (748, 11.78) 11.73(9.18,14.21) 0.053
Lymphocyte (%) 17.6(12.52,23.23) 9.68 (3.67, 15.52) 0.006**
Red cell distribution width (%) 14.74(13.82,16.23) 16.74 (15,51, 17.06) 0.032*
Mean cell volume (fL) 92.33 (88.71,95.61) 93.14 (89.33, 100.42) 043
Myocardial infarct 0.372

Yes 35(15) 0(0)

No 200 (85) 11 (100)
Congestive heart failure 0514

Yes 71 (30) 2(18)

No 164 (70) 9(82)
Peripheral vascular disease 0.015*

Yes 10 (4) 3(27)

No 225 (96) 8(73)
Cerebrovascular disease 1

Yes 19(8) 109

No 216 (92) 10 (91)
Chronic pulmory disease 1

Yes 46 (20) 2(18)

No 189 (80) 9(82)
Rheumatic disease 0.507

Yes 14 (6) 109

No 221 (94) 10 (91)
Malignt cancer 0457

Yes 12(5) 109

No 223 (95) 10 (91)
Liver disease 0.113

Yes 40(17) 4(36)

No 195 (83) 7 (64)
Diabetes 0.208
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Variables The viable psoriasis individuals, The psoriasis patients died within 28 days of p
n=235(95.53%) admission to the icu, n=11 (4.47%)

Yes 98 (42) 2(18)

No 137 (58) 9(82)
PhenoAge 769141621 98.05+15.6 0.001**
PhenoAge advance 14.86 (8.76,22.61) 20.83 (13.74,36.55) 0.021*
PhenoAge advance top 50 percent 0217

Yes 115 (49) 8(73)

No 120 (51) 3(27)
KDM-Age 97.66 (70.77,175.98) 97.66 (70.77,175.98) 0.002**
KDM-Age advance 41.88 (6.73,107.25) 41.88 (6.73,107.25) 0.008**
KDM-Age advance acceleration 0.207

Yes
No

115 (49)
121 (51)

8(73)
3(27)

Values that are statistically significant (two-side P value <0.05) are indicated by *; Values that are statistically significant (two-side P value <0.01) are indicated by **; icu
intensive care unit, KDM-Age Klemera-Doubal method age

(A) Model 1 (B) Model 2 Q) Model 3
5 AB(95%C)) P AB95%C)) P __ABO5%C) P
Phenoage advance
Psoriasis 077(03412) 0001 06(0.18-1.03) 0008 054(0.12097) 0018
Gender
male 044(024-1.12) e 0215 039(027-1.05) L E— ] 0253 026(.0.33.089) —_— 0373
female 111(0.28-1.93) —_—— . 0012 082019-145) —— 0015 0.83(0.16-1.51) —_— 0,021
Age
>30 089(0.39-1.38) —_— 0001 068(0.18-1.19) —_— 0012 06(0.11-1.09) —_— 0023
<30 0.13(-1.19-1.45) 0846 -0.09(-1.41-1.23) 0898 001(-13-131) 0992
Smoking
yes 076(0.19-1.33) —_— 0012 076(0.19133) —_— 0012 057(004-1.18) — 0076
no 0.36(:0.45-1.17) —_— 0389 0.17(0.50.094) D — 0655 0.15(0.57-0.88) — 068
Hypertension
yes 085(.021-191) ——— . 0123 065(031-162) B ] 0194 065(031162) " 0.194
no 056(0.05-1.07) —_— 0038 052(003-101) — 0046 0.53(001-1.06) e 0062
Cancer
yes 147(012283) —_—— 004 1020010222) 0107 075(041-191) 0214
o 066(0.19-1.13) 0008 _05(007-0.94) o 0029 _0.48(0.04-0.92) 0042
KDM age advance
Psoriasis 0.15(0.77-1.07) e 0754 014(075-1.03) — 076 _007(091077) _———ry 0871
D) * Adjusted beta : E) * Adjusted beta : ) ‘ Adustedbeta :
Charadersi AORISE%C) P . AORI95%CI] P _AORG5%C) P
Phenoage advance accelerale
Poriasis 149(1.21-183) —_— <0001 143(1.12-1.83) — 0005 1.41(1.09-1.82) —— 0011
Gender
male 121(086-1.7) _-— 0258 122(084477) L — 0292 117(0814.71) —_— 0392
female 182(136.242) —_— <0001 169(1.28-2.24) P — <0001 1.71(128-228) —_— 0.001
Age
>30 1620126:208) — <0001 154(1.16-206) —_— 0004 151(1.13203) —_— 0007
<30 0.97(0.55-1.74) _1T 0931 087(0.48-1.58) _T 0634  0.89(0.49-163) —_T 0.701
Smoking
yes 147(1.15-1.87) — 0002 1.45(1.09-193) — 0012 1.45(1.06-1.98) — 0.021
o 1.26(0.85-1.86) T 0247 1.16(0.75-18) e R— 0486 1.17(0.75-181) e — 0471
Hypertension
yes 177(1.14:273) 0011 1.68(1.06-2.66) i e— 0027 17(1.06-272) — 0.028
no 1.28(0.94-1.74) — 0116 1.29(0.92-1.81) L p— 0139 1.3(0.91-1.86) —— 0.147
Cancer
yes 261(1.45469) 0002 225(1.26-4.02) _— 0007  212(1.17-3.83) _— 0015
L P /(AT ) DR . Ly S R e Sy — 0006, ANMOIMSD)_ T e — 0¥, 1850105259 _ T T oo oo — 0029
KDM age advance accelerale
Psoriasis 115(089-15) T 0281 _118(0.88-158 f—] 0271 _1.15(0.85156 [ — 0349
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Fig. 2 Association between biological age advance and psoriasis in NHANES. A, B, C is weighted linear regression. D, E, F is weighted logistic
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Fig. 4 Correlation heat maps of variables associated with PhenoAge advance in psoriasis patients in NHANES

found that PhenoAge advance accelerated more rapidly
in psoriasis patients of advanced age and with comor-
bidities than in the general psoriasis population. Taken
together, we believe that rational management of pso-
riasis and control of comorbidities are important thera-
peutic directions to extend the life span of patients with
psoriasis.

In the second part of the study, for the NHANES
cohort, our study showed that for every unit (year)
rise in PhenoAge advance, patients experienced an 8%
increase in all-cause mortality during follow-up. This was
similarly demonstrated in the MIMIC-IV general ward
cohort. In contrast, the results were not significant in
KDM-Age. In the MIMIC-1V intensive care unit cohort,
the association between PhenoAge advance and patient
death within 28 days of admission remained significant.
In contrast, the results were not significant in KDM-Age.
Our study demonstrates for the first time a strong asso-
ciation between PhenoAge advance and short- and long-
term prognosis in patients with psoriasis. It also reaffirms
our previous view that PhenoAge is a better indicator of
patients’ vital health status than KDM-Age in psoriasis
patients.

Although the link between PhenoAge advance and
short- and long-term prognosis in psoriasis patients has
been demonstrated, we still wanted to develop more of
PhenoAge’s potential, which is why we conducted our
third part of study. In this study, we demonstrated that
the use of PhenoAge advance can predict short- and

long-term prognosis in psoriasis patients. Notably,
PhenoAge advance showed higher recall and lower
accuracy for either near-term prognosis or distant prog-
nosis of patients with psoriasis, suggesting that Pheno-
Age advance can only be used as a reference option for
predicting near-term prognosis or distant prognosis. The
specific clinical application process can be seen in Fig. 12.
To sum up, in the outpatient follow-up population, psori-
asis patients with PhenoAge greater than 1 are very likely
to have disease progression, and detailed examination to
clarify the etiology is recommended for such patients. As
for patients admitted to the general ward or ICU, those
with a premature rise in PhenoAge advance greater than
11 may have a worse prognosis and require more aggres-
sive drug and surgical treatment. In particular, one paper
suggests that all possible therapies targeting non-specific
restoration of the immune system could be counterpro-
ductive, given that the complex physiological phenotypes
exhibited during immune aging in the body are the result
of synergistic and antagonistic changes in multiple path-
ways [24]. Therefore, for psoriasis patients with acceler-
ated biological aging, it may be important to consider the
use of biologics for specific treatment.

In our study, PhenoAge was more significantly associ-
ated with psoriasis than KDM-Age. This may be due to
the fact that PhenoAge incorporates more metrics on
immune senescence, including red blood cell distribu-
tion width, white blood cell count, lymphocyte per-
centage, and mean cell volume, thus better reflecting
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Fig. 5 Association between biological age advance and psoriasis in China population. A is linear regression. B is logistic regression. C is restricted

cubic spline between PhenoAge advance and PASI

the state of immune senescence [25]. After correlation
testing, the results showed that red blood cell distribu-
tion width and leukocyte count contributed the top two
PhenoAge advance in psoriasis patients, which proves
our view. Besides, compared with other DNA methyla-
tion epigenetic clocks, PhenoAge more sensitive to dis-
ease progression and death but less robust to represent
chronological age [26]. The possible reason is that their
modeling principles are different. Horvath and Hannum’s
clocks are trained on chronological age, while PhenoAge

is specifically designed to predict biological age and death
risk through combined training of biomarkers, so the two
types of clocks are called chronological age trained clocks
or death clocks, respectively [27]. In addition, PhenoAge
is calculated based on clinical biomarkers, it is more eas-
ily changing parameter in terms of weeks or even days
compared to the other epigenetic clock which changes in
matter of months.

In this study, there was greater heterogeneity between
MIMIC and the other two cohorts. The possible reason is
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Table 5 Baseline characteristics and death information of patients with psoriasis in National Health and Nutrition Examination Survey

2003-2006 and 2009-2010

Variables The viable psoriasis individuals, The deceased psoriasis individuals, p-value
n=291 (weighted® % =88.13) n=58 (weighted® % =11.87)

Gender 0.903
Male 130 (49.2) 28 (48.1)
Female 155 (50.8) 24(51.9)

Age 42.79+12.86 57.73+14.84 <0.001**

Race/ethnicity 0.270
Mexican American 28 (3.5) 4(2.9)
Other Hispanic 21(3.3) 0(0)
Non-Hispanic White 185 (82.3) 42 (87.7)
Non-Hispanic Black 41 (7.4) 3(24)
Other Race—Including Multi-Racial 10 (3.5) 3(7.0)

Education 0.088
Did not graduate high school 58(13.6) 13(25.2)
High school graduate 68 (23.3) 15 (24.3)
Did not graduate college 85 (34.0) 18 (39.6)
College graduate 74 (29.0) 6(10.8)

Annual household income 0.005%*
<$20,000 56 (12.1) 21(28.5)
>$20,000 229 (87.9) 31(71.5)

BMI 29.71+6.94 32.85+7.39 0.016%

Smoking 0.014*
Yes 160 (57.7) 42 (80.3)
No 125 (42.3) 10(1

Drinking 0.664
Yes 220(80.2) 44(83.2)
No 65 (19.8) 8(16.8)

Average physical activity level 0.064
Vigorous work activity 76 (28.4) 4(11.6)
Moderate to low intensity work activities 209 (71.6) 48 (88.4)

Diabetes <0.001**
Yes 24.(6.1) 18 (30.7)
No 261 (93.9) 34 (69.3)

Hypertension <0.0071**
Yes 92 (29.3) 42 (73)
No 193 (70.7) 10 (27)

Kidney disease 0.565
Yes 7 (2.5) 4(3.6)
No 278 (97.5) 48 (96.4)

Liver disease 0.006**
Yes 10(24) 6(14.1)
No 275 (97.6) 46 (85.9)

Thyroid disease 0.514
Yes 27 (9.6) 7(129)
No 258 (90.4) 45 (87.1)

Heart disease, <0.001**
Yes 20 (4.4) 20 (28.3)
No 265 (95.6) 32(71.7)

Cancer 0.004**
Yes 29 (10.0) 16 (33.8)
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Variables The viable psoriasis individuals, The deceased psoriasis individuals, p-value
n=291 (weighted® % =88.13) n=58 (weighted® % =11.87)

No 256 (90.0) 36 (66.2)
Systolic blood pressure (mmHg) 120.54+15.62 123.90+16.06 0.296
Albumin (g/dL) 4254034 405+0.29 0.001**
Alkaline phosphatase (U/L) 67.76+£22.37 7484+23.29 0.061
Total cholesterol (mg/dL) 201.00+40.06 207.99+42.92 0.272
Serum glucose (mg/dL) 511+0.89 649+293 0.009%*
Creatinine (mg/dL) 0.89+0.18 0.95+0.23 0.083
Blood urea nitrogen (mg/dL) 1241+4.63 1534+6.76 0.005**
Uric acid (mg/dL) 537+1.32 6.09+1.40 <0.001**
C-reactive protein (mg/dL) 046+0.86 0.63+1.32 0.259
Glycohemoglobin (%) 540+0.61 6.05+141 0.014*
White blood cell count (1000 cells/ulL) 737+£1.99 8.18+2.30 0.078
Lymphocyte (%) 29514758 25.04+7.02 <0.001**
Red cell distribution width (%) 12.79+£1.21 1348+1.32 0.011*
Mean cell volume (fL) 89.98+5.90 91.54+544 0.098
DIl 0.88+1.53 1.49+1.50 0.015*
HEI2015 53.56+11.05 49.77£7.84 0.005*
PhenoAge 42.68+13.04 61.76+16.31 <0.001**
PhenoAge advance -0.12+4.46 4.03+5.85 <0.001**
PhenoAge advance acceleration 0.005**

Yes 132 (43.3) 40(73.2)

No 153 (56.7) 12 (26.8)
KDM-Age 40.55+12.61 57.06+17.82 <0.001**
KDM-Age advance -224+6.46 -0.67+13.41 0.386
KDM-Age advance acceleration 0.165

Yes 07 (37.3) 21 (46.4)

No 178 (42.7) 31 (53.6)
Underlying Leading Cause of Death /

Diseases of heart / 10(21.8)

Malignant neoplasms / 20(34.7)

Chronic lower respiratory diseases / 2(26)

Accidents (unintentional injuries) / 1(2.6)

Cerebrovascular diseases / 1(14)

Diabetes mellitus / 2(33)

Influenza and pneumonia / 2(1.6)

All other causes / 14 (31.9)
Multiple Cause of Death /

Diabetes / 8(17.9)

Hypertension / 10(17.9)

Values that are statistically significant (two-side P value <0.05) are indicated by *; Values that are statistically significant (two-side P value <0.01) are indicated by **;
BMI Body mass index (calculated as kg/m2), NHANES National Health and Nutrition Examination Survey; &Weighted percentage was calculated using NHANES survey
design parameters, D, dietary inflammation index; HEI2015, healthy eating index; KDM-Age, Klemera-Doubal method age

that the study object included in NHANES is the general
population, the study object included in China is hospi-
talized patients, and the study object included in MIMIC
is severe patients. It is common sense to assume that
patients in intensive care units and inpatient units are
sicker, which may lead to changes in markers of aging.

The possible mechanisms of psoriasis and biological
aging are as follows. Firstly, immune senescence caused
by psoriasis is the basis of accelerated biological senes-
cence. Our study suggests that the three serum mark-
ers most associated with PhenoAge advance in psoriasis
patients are red blood cell distribution width, C-reactive
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Fig. 8 Restricted cubic spline between PhenoAge advance and mortality in NHANES

microenvironment of psoriasis patients, with the abnor-
mal activation of interleukin 23/interleukin 17 pathway,
inflammatory factors such as C-reactive protein and

protein, and white blood cell count. These three suggest
that immunity and inflammation are the most important
causes of biological aging in psoriasis patients. In the
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Fig. 10 Association between biological aging and mortality in patients with psoriasis in MIMIC

tumor necrosis factor alpha are up-regulated [28]. In the
inflammatory environment, specific abnormalities in
immune cell function occur, including reduced phago-
cytosis, abnormal adhesion chemotaxis, and increased
apoptosis [29-32]. Importantly, their ability to clear

senescent cells is reduced, leading to accelerated biologi-
cal senescence [33]. At the same time, immune senes-
cence can further enhance the inflammatory response.
Senescent immune cells exhibit a unique aging-related
secretory phenotype, secreting a large number of soluble
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Fig. 11 ROC curve for biological age prediction of mortality. A—NHANES. B—MIMIC's general ward. C—MIMIC's ICU

Table 6 Performance of biological age in predicting short-and long-term outcomes in patients with psoriasis

Variable Accuracy Precision Recall Specificity Cutoff
NHANES group (n=343)? PhenoAge advance 0.66 0.26 0.71 0.65 1.00
KDM-Age advance 0.20 0.12 0.71 0.1 -10.00
MIMIC general ward group (n=312)° PhenoAge advance 0.66 0.26 0.88 0.63 11.00
KDM-Age advance 0.69 0.24 0.61 0.71 36.00
MIMIC icu group (n=246)° PhenoAge advance 0.37 0.06 0.91 0.34 11.00
KDM-Age advance 0.59 0.08 0.73 0.58 60.00

FN False negatives, FP False positives, TN True negatives, TP True positives, Accuracy (TP +TN)/(TP +TN+ FP +FN), Precision TP/(TP + FP), Recall TP/(TP + FN), Specificity
TN/(TN + FP), NHANES National Health And Nutrition Examination Survey, MIMIC Medical Information Mart for Intensive Care

2The outcome measure in the NHANES group was death during follow-up

®The outcome measure for MIMIC general ward group was death during follow-up

“The outcome measure for MIMIC icu group was death within 28 years of admission to icu

Table 7 Confusion matrix of biological age in predicting short—and long-term outcomes in patients with psoriasis

Variable N FN FP TP
NHANES group (n=343)? PhenoAge advance 188 15 103 37
KDM-Age advance 31 15 260 37
MIMIC general ward group (n=312)° PhenoAge advance 170 5 101 36
KDM-Age advance 193 16 78 25
MIMIC icu group (n=246)° PhenoAge advance 81 1 154 10
KDM-Age advance 137 3 98 8

FN False negatives, FP False positives, TN True negatives, TP True positives

FN False negatives, FP False positives, TN True negatives, TP True positives, Accuracy (TP +TN)/(TP + TN+ FP +FN), Precision TP/(TP + FP); Recall =TP/(TP + FN), Specificity
TN/(TN + FP), NHANES National Health And Nutrition Examination Survey, MIMIC Medical Information Mart for Intensive Care

2The outcome measure in the NHANES group was death during follow-up

b The outcome measure for MIMIC general ward group was death during follow-up

“The outcome measure for MIMIC icu group was death within 28 years of admission to icu

factors, including interleukin and tumor necrosis factor,
leading to an inflammatory phenotype [34, 35].

Secondly, the results of subgroup analyses in our
study suggest that metabolic comorbidities of psoria-
sis may be an important cause of accelerated aging in
psoriasis patients. Accelerated cellular senescence is an
important disease feature in diabetes and cardiovascu-
lar disease [36]. Many studies have defined psoriasis as

an immune-metabolic disease [37]. A similar genetic
background, chronic inflammation, immune regulation
and oxidative stress underlie the pathogenesis of meta-
bolic comorbidities in psoriasis [38]. Based on current
research, the main mechanisms leading to accelerated
cellular senescence in metabolic diseases are still attrib-
uted to chronic inflammation and oxidative stress [39].
For instance, interleukin 1p can induce insulin resistance
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Fig. 12 A vision for including PhenoAge in the management of clinical psoriasis patients

by activating the p38 mitogen-activated protein kinase
pathway, and TNF-a contributes to the development of
diabetes by inhibiting insulin receptor-mediated insulin
resistance [40, 41]. Interleukin 17 induces hypertension by
reducing nitric oxide produced by the endothelium, and
interleukin 17 mediated endothelial dysfunction can be
normalized by interleukin 17 neutralizing antibodies [42].

Finally, as a disease with significant genetic predisposi-
tion, the biological aging it causes may be related to genes
and heredity. Of the limited number of studies, one men-
delian randomization study shows that psoriasis was asso-
ciated with a genetic susceptibility to telomere shortening
[43]. An epigenome-based study revealed that Abnormal
DNA methylation of some genes can be controlled by
genetic factors and also mediate risk variation for psoriasis
[44], and Abnormal DNA methylation is widely believed to
be associated with biological aging [45]. However, based on
the current literature, the relationship between genetic sus-
ceptibility to psoriasis and biological aging remains unclear.

This study has a number of limitations. First, as cross-
sectional analyses, the ability to establish clear causal
relationships is inherently limited. Also, due to the limi-
tations of the NHANES database, we were only able to
diagnose psoriasis based on patients’ self-reports. Such
diagnostic criteria lack specificity. Besides, Due to the
difference in follow-up time and large heterogeneity
between the NHANES and MIMIC cohorts, our study
of using PhenoAge to predict long-term and short-term
mortality in patients with psoriasis has not been cross-
validated externally. Finally, due to the lack of data on
medication, this study did not consider the effect of ther-
apeutic drugs received by participants in NHANES and
MIMIC-IV on serum markers in patients with psoriasis,
which may affect the reliability of the conclusions.

Nonetheless, our study has some strengths, the biggest
being that all conclusions have been validated with data
from at least two sources, which makes our conclusions
relatively reliable.

Conclusion

This study provides new insights into the relationship
between biological aging and psoriasis. Psoriasis leads to bio-
logical aging accelerated, which correlates with the severity
of psoriasis as well as comorbidities. This shows the disease
burden of psoriasis in the perspective of aging and suggests
the importance of managing psoriasis appropriately and con-
trolling comorbidities. In addition, PhenoAge advance was
strongly associated with life expectancy in psoriasis patients,
and PhenoAge advance can predict short-term prognosis
and long-term prognosis of psoriasis patients to some extent.
Therefore, aggressive early intervention in psoriasis patients
with accelerated biological aging has the potential to become
a more personalized treatment option.
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