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Objective: Evidence for an association between psoriasis and dementia is lim-
ited and conflicting. We aimed to investigate the association using large and
representative population-based data and describe risk by dementia subtype and
over time. Methods: We compared dementia risk between people with and
without psoriasis using an age-, sex- and primary care practice-matched cohort
of adults aged >40 years from the Clinical Practice Research Datalink Aurum in
England (1997-2021) linked to hospital admissions data, analysed with strati-
fied Cox regression. Results: Among 360,014 individuals with psoriasis and
1,799,617 without, psoriasis was associated with a small increased risk of
all-cause dementia (adjusted hazard ratio [aHR] 1.06, 95% CI 1.04-1.08; abso-
lute rate difference 24 per 100,000 person-years). Strength of association
increased with time since psoriasis diagnosis (e.g. aHR 0.99, 0.96-1.03 within 0
to 5 years; 1.20, 1.05-1.37 within 20 to 25 years). The association was stronger
for vascular dementia (aHR 1.10, 1.06-1.14) than Alzheimer’s dementia (aHR
1.03, 1.00-1.06). Hazard ratios were larger for severe psoriasis (all-cause aHR
1.32, 1.25-1.39; vascular aHR 1.58, 1.44-1.74; Alzheimer’s aHR 1.11,
1.02-1.21). Interpretation: Long-term risk of all-cause dementia and vascular
dementia, but not Alzheimer’s dementia, was slightly higher in people with pso-
riasis, but absolute risk differences were small. Risks were more substantially
raised with time since psoriasis diagnosis and in severe psoriasis compared to
mild to moderate psoriasis, suggesting a potential dose—response relationship.
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possible that sleep, which is known to be disturbed in
both psoriasis and dementia, may play a causal role or
suggest a common pathway relating to circadian

Background

Psoriasis is a chronic inflammatory skin disease charac-

terised by skin scale, redness and induration. Psoriasis is
common, with estimates of prevalence of around 2%."
Dementia is a general term for loss of cognitive function,
including memory, thinking and judgement such that it
interferes with daily living. Globally, the number of peo-
ple living with dementia is projected to rise from 50 mil-
lion in 2018 to 150 million by 2050.> While around 45%
of dementia cases are attributable to 14 modifiable risk
factors,” the cause of many cases is unknown.

There is substantial evidence linking higher levels of
inflammatory markers with Alzheimer’s disease (a specific

4,5

form of dementia),*® and vascular dementia.® It is also

dysregulation.”® Some observational studies show associa-
tions between chronic inflammatory conditions such as
psoriasis and risk of Alzheimer’s disease and other
dementias,” "> although evidence is conflicting.”™'® A
recent systematic review investigated the association
between psoriasis and Alzheimer’s disease specifically.'”
Again, evidence was conflicting; while four of the six
cohort studies included in the review offered evidence
that psoriasis increased Alzheimer’s disease risk, one sug-
gested that psoriasis reduced Alzheimer’s disease risk and
another (using UK primary care electronic health records)
reported no evidence of association (HR 1.23, 95% CI

© 2024 The Author(s). Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association. 393
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited.


https://orcid.org/0000-0003-3291-2381
https://orcid.org/0000-0003-3291-2381
https://orcid.org/0000-0003-3291-2381
https://orcid.org/0000-0002-2551-410X
https://orcid.org/0000-0002-2551-410X
https://orcid.org/0000-0002-2551-410X
https://orcid.org/0000-0002-4213-7094
https://orcid.org/0000-0002-4213-7094
https://orcid.org/0000-0002-4213-7094
https://orcid.org/0000-0002-7736-6946
https://orcid.org/0000-0002-7736-6946
https://orcid.org/0000-0002-7736-6946
https://orcid.org/0000-0001-9918-1144
https://orcid.org/0000-0001-9918-1144
https://orcid.org/0000-0001-9918-1144
https://orcid.org/0000-0001-5364-8757
https://orcid.org/0000-0001-5364-8757
https://orcid.org/0000-0001-5364-8757
https://orcid.org/0000-0002-7022-7441
https://orcid.org/0000-0002-7022-7441
https://orcid.org/0000-0002-7022-7441
https://orcid.org/0000-0003-4524-3180
https://orcid.org/0000-0003-4524-3180
https://orcid.org/0000-0003-4524-3180
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facn3.52283&domain=pdf&date_stamp=2025-01-01

Psoriasis & Dementia

0.82, 1.85). The review concluded that “further studies
should be conducted to find the explanation of the dis-
crepancy in the results.”

Few existing studies have investigated how psoriasis
severity and treatments influence risk (evidence of
dementia increasing with increased severity of psoriasis
would offer stronger evidence for a causal relationship),
and most existing studies account for a limited set of
potential confounders.'®'? A better understanding of the
relationship between psoriasis and dementia in studies
designed to assess causality may help to identify specific
inflammatory pathways as targets for dementia preven-
tion. This information could lead to the introduction of
targeted cognitive function monitoring in people with
psoriasis or the development of new treatments to pre-
vent or delay dementia in people with psoriasis.

Therefore, our study investigated the association
between psoriasis and all-cause dementia risk in a large
population-based cohort using routinely collected elec-
tronic health records from English primary and secondary
care. We specifically investigated whether increasing pso-
riasis severity affected dementia risk.

Methods

We conducted an age-, sex- and primary care
practice-matched cohort study (April 1997 to March
2021) using primary care data from the Clinical Practice
Research Datalink (CPRD) Aurum (March 2023 build).°
CPRD Aurum is a database of routinely collected elec-
tronic health records from primary care practices in
England using EMIS® software, including over 20% of
the UK population.?’ We also used linked data from: (1)
hospital admissions for NHS-funded patients treated in
English NHS trusts or by independent providers (Hospital
Episode Statistics [HES]); (2) Office for National Statistics
(ONS) mortality records (includes cause of death for all
UK deaths); and (3) Index of Multiple Deprivation as a
measure of socioeconomic deprivation at a small-area
level based on patient postcode.****

Our study was approved by the London School of
Hygiene and Tropical Medicine’s Research Ethics Com-
mittee (Reference: 29636) and by CPRD’s independent
scientific ~ advisory committee  (Protocol number:
23_002911).

All computer code and morbidity code lists used to
define all study variables are available for download
(https://zenodo.org/doi/10.5281/zenodo.13759971).

Study population

Individuals were eligible for inclusion in our study if they
were aged 40 years or over, eligible for linkage to hospital
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admissions and death data, registered with Aurum practices
during the study period (1997-2021), and with at least
12-months’ registration prior to study entry (for reliable
capture of baseline health status). We restricted to adults
aged 40 years and over as dementia is unusual in early life,
and psoriasis has two peaks of onset in adulthood at ages
20-30 and 50-60 years, with most affected individuals pre-
senting before age 35.°*° We excluded individuals with a
history of dementia prior to study entry.

We identified a cohort of individuals with psoriasis
based on a validated approach requiring a record of at
least one diagnostic code for psoriasis in primary or sec-
ondary care (Fig. S1).”” We used SNOMED-CT morbidity
coding in primary care, and International Classification of
Diseases, version 10 (ICD-10) morbidity coding (recorded
in any diagnostic position of any episode of a hospital
admission) in secondary care.

We followed individuals with psoriasis from the latest of
the following (hereafter referred to as the index date): first
record of a diagnostic morbidity code for psoriasis (recorded
in primary or secondary care); practice registration plus 1
year; study start (1 April 1997), or 40" birthday. The psori-
asis cohort included both incident psoriasis cases (i.e., those
entering the cohort on the date of their first record of a pso-
riasis diagnosis), and existing psoriasis cases (i.e., those whose
first record of a diagnostic code for psoriasis occurred before
any of the following: one year from practice registration date,
study start, or their 40th birthday).

We randomly matched (without replacement) on age
(within 2 years), sex and primary care practice up to five
individuals without psoriasis for every individual with
psoriasis in calendar date order (i.e., individuals in the
matched cohorts were assigned first to individuals with
psoriasis with earliest cohort entry to avoid time-related
bias). Individuals without psoriasis entered the cohort on
the same date (i.e., index date) as the matched
psoriasis-exposed individual.

Participants were followed until the earliest of: dementia
diagnosis, death, end of registration, no further data from
practice, end of study (31st March 2021), or, for matched
comparators only, a record of a diagnostic code for psoria-
sis. Individuals without psoriasis who received a subsequent
record of a diagnostic code for psoriasis (recorded in pri-
mary or secondary care) after cohort entry (index date)
were censored from the comparison cohort and became eli-
gible for inclusion in the psoriasis cohort. We excluded
individuals with less than 1 day of follow-up.

Outcome

We defined our dementia outcome as the earliest record
of a diagnostic code for dementia recorded: in primary
care (CPRD), and in secondary care as part of a hospital
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admission (HES).*®*3° we investigated all-cause dementia
as our main outcome and dementia subtypes as secondary
outcomes. Dementia subtypes (Alzheimer’s disease (AD)
and vascular dementia) were identified using morbidity
codes recorded in primary care, or as part of a hospital
admission.

As some dementia subtypes are unlikely to be caused
by psoriasis (e.g. dementia related to drugs, alcohol, infec-
tion [e.g. HIV, Creutzfeldt-Jakob], trauma, or inherited
dementias [e.g. Huntington’s]) we conducted a sensitivity
analysis excluding these subtypes from our all-cause
dementia outcome.

Covariates

We used a directed acyclic graph (DAG) to help identify
potential confounders and mediators (i.e. on the causal
pathway) of the relationship between psoriasis and demen-
tia. We considered the following variables as potential cov-
ariates: age, sex, calendar period, socioeconomic deprivation,
ethnicity, lifestyle factors (smoking, obesity, harmful alcohol
use), chronic comorbidities (chronic liver disease, chronic
lung disease, cerebrovascular disease, cardiovascular disease,
diabetes mellitus, depression, hypertension, chronic kidney
disease, high cholesterol, hearing loss, HIV-positive status,
rheumatoid arthritis, multiple sclerosis, frailty, psoriatic
arthropathy) and sleep problems.

All covariates were defined based on records on or before
cohort entry (except smoking, which was defined pragmati-
cally based on the records closest to cohort entry).

We considered the calendar period (categorised as:
1997-2003, 2004-2011; 2012-2013; 2014-2015,
2016-2019, 2020-2021) to account for changes in clinical,
diagnostic and administrative practices over the study
period that may have influenced measurement of expo-
sure, outcomes and other covariates.

We used quintiles of the index of multiple deprivation
(IMD) as a proxy for socioeconomic deprivation. We used
individual-level IMD supplemented with practice-level mea-
sures for those with missing individual-level data.

Ethnicity was identified based on a previously validated
algorithm using primary care records.”"*?

We defined smoking status and being overweight/obese
(i.e., body mass index [BMI] suggesting individuals were
overweight/obese) based on primary care records for these
measures, using the status recorded closest to index date,
based on a previously defined algorithm.”> We defined a
binary overweight/obese variable based on a BMI of
25 kg/m* or more.

We defined harmful alcohol use based on primary care
morbidity codes suggesting harmful or heavy alcohol use
(including alcohol dependency codes and codes related to
physical/psychological harm related to alcohol use) or a
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prescription for drugs used to maintain abstinence (acam-
prosate, disulfiram, nalmefene). Individuals were defined
as harmful alcohol users on the date of the first record of
a relevant morbidity code or prescription.

We defined most chronic comorbidities (except chronic
kidney disease and high cholesterol) based on morbidity
coding in primary or secondary care. Individuals were
regarded as having one of these diagnoses from the earli-
est record of a relevant diagnostic code.

As coded chronic kidney disease (CKD) underestimates
CKD in primary care,” we defined CKD status using
both morbidity coding (defined based on the earliest
record of a relevant diagnostic code) and estimated glo-
merular filtration rate (eGFR) based on serum creatinine
test results. We defined CKD wusing test results as an
eGFR <60 mL/min/1.73 m? (i.e. Stage 3 CKD and above).

We defined high cholesterol based on morbidity coding
or test results.

We defined problems with sleep using primary care mor-
bidity codes suggesting sleep problems, prescriptions for
drugs used exclusively to manage sleep problems (e.g. Zopi-
clone) and prescriptions for benzodiazepines where dosing
instructions suggest use at night only (as when benzodiaze-
pines are used to manage anxiety, they are usually pre-
scribed for daytime use). Individuals were defined as having
a sleeping problem from the first recorded morbidity code
or sleeping tablet prescription. It is unlikely that this defini-
tion will be able to reliably capture all sleep problems, there-
fore we only adjusted for sleep in a sensitivity analysis.

Further details of study variable definitions are avail-
able in Text S1.

Statistical analyses

We presented initial descriptive characteristics of cohorts
with and without psoriasis. We explored the potential for
ascertainment bias by describing the median (IQR) of
consultations in the year before cohort entry in those
with and without psoriasis. We then calculated age- and
sex-adjusted rates of incident dementia and dementia
subtypes in those with and without psoriasis (age- and
sex-adjusted rates for the psoriasis-exposed group, and
adjusted absolute rate differences comparing rate in those
with and without psoriasis).

Main analyses

We used stratified Cox regression (stratified by matched set
and adjusted for potential confounders) to estimate hazard
ratios (95%) comparing the hazard of dementia in those
with and without psoriasis. We used our directed acyclic
graph to inform covariate selection and causal model build-
ing. We used sequential models to account for the
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complexity of the potential relationship between psoriasis
and dementia: (1) minimally adjusted including only the
main exposure variable (psoriasis) and implicitly adjusting
for age, sex and general practice (due to underlying time-
scale and matching variables); (2) additionally adjusting for
deprivation and calendar period; (3) additionally adjusting
for chronic comorbidities where the existing literature sup-
ports the possibility that they may act as confounders (i.e.,
chronic liver disease, chronic lung disease, cardiovascular
disease, cerebrovascular disease, diabetes mellitus, depression,
high cholesterol, hypertension and CKD); (4) additionally
adjusting for ethnicity (included in a separate model to limit
selection bias due to excluding those with missing ethnicity
data complete-case analysis). The direction of association
between psoriasis and many of the chronic comorbidities is
unclear. There is some evidence to suggest the inflammatory
processes involved in psoriasis (or psoriasis treatments) may
exacerbate some of these conditions, which would suggest
they are mediators on the causal pathway.’> However, newer
Mendelian randomisation studies also provide mixed evi-
dence that some of these may be causally associated with
the development of psoriasis.’® Therefore, we ran models
with and without chronic comorbidities as covariates.

Sensitivity analyses

We repeated our main analyses in a series of sensitivity
analyses to assess the robustness of our findings: (1)
excluding practice non-attenders; (2) ending the study on
Ist March 2020 to explore the impact of including pan-
demic time in our study; (3) excluding specific dementia
subtypes that are unlikely to be related to psoriasis (e.g.
Creutzfeldt-Jakob); (4) additionally adjusting for smoking
status and overweight/obese (as these were omitted from
primary models because of the proportion of missing
values for these variables were high); (5) additionally
adjusting for comorbidities where the evidence that they
may act is confounder is less clear (e.g. hearing loss,
HIV-positive status); (6) additionally adjusting for sleep
problems; (7) time-updating covariates through follow-up
to explore the potential for these variables mediating the
relationship between psoriasis and dementia; and (8)
restricting to individuals with incident psoriasis (full
rationale for these sensitivity analyses in Table SI).

Secondary analyses

In separate secondary analyses, we investigated whether the
association between psoriasis and dementia was: (1) differ-
ent with varying lengths of time since initial psoriasis diag-
nosis (analysis limited to individuals with incident psoriasis,
with an interaction between follow-up time in 5-year bands
and psoriasis); (2) more pronounced in individuals with
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severe psoriasis (by redefining exposure as mild—moderate
psoriasis and severe psoriasis—defined based on primary
care records for drug prescribing (Text S2)—compared to
individuals without psoriasis); (3) modified by frailty (as
the measure of frailty that we used was developed and vali-
dated in people aged 65-95 years, we restricted this analysis
to those aged 65 and older); (4) mediated by psoriatic
arthropathy. Psoriatic arthropathy may mediate the rela-
tionship between psoriasis and dementia because: (1) The
burden of inflammation is likely to be greater in those with
psoriatic arthropathy and psoriasis (and consequently a
greater risk of dementia if there is a link between inflam-
mation and dementia) and (2) Individuals with psoriatic
arthropathy and psoriasis are more likely to receive a sys-
temic drug and are also more likely to be obese.

Results

We identified 346,981 individuals with psoriasis matched
with 1,733,721 individuals without (Fig. 1). Individuals
were followed up on average (median) 6.9 years (IQR
3.2-12.3) in the psoriasis group and 6.6 years (IQR
2.9-12.0) in the comparator cohort (Table 1). Cohorts
with and without psoriasis were balanced on age (82%
aged 40-69 in both groups), sex (53% female in both
groups) and deprivation. The proportion of individuals
recorded with chronic comorbidities was slightly higher for
most comorbidities in those with psoriasis than their
matched comparators (e.g. cardiovascular disease: psoriasis,
11%, comparators, 9%). Those with psoriasis had more
consultations in the year before cohort entry (median
[IQR]: psoriasis 12 [6-22], comparators 7 [3—15]).

Compared to the overall cohort, those with missing
ethnicity, smoking status, or BMI were somewhat more
likely to be male, older, less deprived and had somewhat
fewer comorbidities recorded (Table S2).

Main analysis

In individuals with psoriasis (n = 342,641), 12,717
dementia events occurred (4760 Alzheimer’s dementia,
3430 vascular dementia, 4527 not specified or other
dementia) in 2,797,312 person-years (a rate of 4.55 per
1000 person-years). Individuals with psoriasis had a
slightly higher hazard of developing dementia compared
to matched comparators (crude HR 1.08, 95% CI
1.06-1.10; adjusted HR [deprivation, calendar period,
comorbidity] 1.06, 95% CI 1.04-1.08; adjusted absolute
rate difference 0.24, 95% CI 0.16-0.32 per 1000 person-
years). HRs were smaller and crossed the null for Alzhei-
mer’s dementia (adjusted HR 1.03, 95% CI 1.00-1.06),
and were larger for vascular dementia (adjusted HR 1.10,
95% CI 1.06-1.14) (Fig. 2).
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(a) Study design diagram

First day of data availability
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Index date
exposed: latest of exposure and eligibility
unexposed: the same indexdate as the

Exposure
Psoriasis diagnosis
Days [Earliest data, 0]

exposed individual they are matched to
on age, sex, general practice

Eligibility (for both exposed and unexposed)
Date > April 1, 1997 (start of study)
12 months registration at eligible practice
Age > 40
Days [Earliest data, 0]

End of follow-up
Earliest of:

Exclusion

Days [Start of study, 0]

Dementia before indexdate (and incomplete sets)

Event (outcome)

Censor (death,

31st March 2021 [end of study],
individual left the practice,

Covariates
Comorbidity records before indexdate
Days [Start of study, 0]

last data collection from the practice,
unexposed individual becomes exposed)

Follow-up window
Days [0, Censor or Event]

G —— »
Time
(b) Study flow diagram
oo 346,981 with psoriasis . .
. . have psoriasis and . excluded with dementia
CPRD population N have psoriasis N are eligible N matched to 1,733,721 > before index date
46,795,888 354,315 without psoriasis
347,039 2080 702 2,039,781

T

Figure 1. Flowchart illustrating identification of participants. Numbers of people with and without psoriasis do not sum to the total number of
individuals included in each cohort. Individuals who were subsequently diagnosed with psoriasis could be included in the matched comparison

cohort up until the date of their first psoriasis diagnosis.

Sensitivity analyses

Results from all sensitivity analyses where the cohort
composition was changed and/or additional variables
(including frailty) were adjusted for were generally similar
to those from the main analysis. Effect estimates were
slightly attenuated when adjusting models for BMI and
smoking (adjusted HR 1.03 [1.00-1.05]), and when
adjusting for time-updated comorbidity status (adjusted
HR for dementia 1.03 [1.00-1.06]) (Table S1).

Secondary analyses
Follow-up time

After limiting to those with incident psoriasis, hazard
ratios for dementia increased with time since psoriasis
diagnosis (05 years: 0.99 [0.96-1.03]; 5-10 years: 1.05

[1.01-1.08]; 10-15 years: 1.08 [1.04-1.13]; 15-20 years
1.12 [1.06-1.19]; 20-25 years 1.20 [1.05-1.37]). For vas-
cular dementia, we saw the largest hazard ratio in the 15-
20-year period (1.28 [1.15-1.43]). For Alzheimer’s
dementia, confidence intervals overlapped across all time
periods (Fig. 3).

Psoriasis severity

The adjusted HR (95% CI) comparing those with mild
psoriasis to matched comparators without psoriasis was
1.02 (1.00-1.04), and for severe psoriasis was 1.29
(1.23-1.35). HRs for severe psoriasis compared to
matched comparators were larger for vascular dementia
(1.49 [1.36-1.62]) than for Alzheimer’s dementia (1.09
[1.01-1.18]) (Fig. 4). In a sensitivity analysis where we
matched individuals with severe psoriasis to people
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Table 1. Study cohort characteristics at cohort entry.

With psoriasis

Without psoriasis

(n = 346,981) (n=1,733,721)
Follow-up
Total person-years 2,840,228 13,753,442
Median (IQR) (years) 6.9 (3.2, 12.3) 6.6 (2.9, 12.0)

Female
Age
40-49
50-59
60-69
70-79
80-89
90-99
100+
Index of multiple deprivation
quintile
1, least deprived
2
3
4
5, most deprived
Missing
Ethnicity
White
South Asian
Black
Other/mixed
Missing
Body mass index
Not overweight/obese
(BMI < 25 kg/m?)
Overweight/obese
(BMI > =25 kg/m?)
Missing
Smoking
Non-smoker
Current- or ex-smoker
Missing
Harmful alcohol use
Chronic comorbidities
Chronic liver disease
Chronic lung disease
Cardiovascular disease
Cerebrovascular disease
Diabetes mellitus
Depression
High cholesterol
Hypertension
Chronic kidney disease
Median (IQR) consultations in
year before cohort entry

183,491 (53%)

140,911 (41%)
77,839 (22%)
66,436 (19%)
42,569 (12%)
16,843 (4.9%)
2359 (0.7%)

24 (<0.1%)

77,178 (22%)
75,431 (22%)
67,893 (20%)
64,838 (19%)
61,514 (18%)
127 (<0.1%)

222,054 (64%)
9913 (2.9%)
1849 (0.5%)
49,993 (14%)
57,478 (17%)

85,125 (25%)
179,543 (52%)
82,313 (24%)

127,476 (37%)
172,844 (50%)
46,661 (13%)

15,009 (4.3%)

3079 (0.9%)
18,489 (5.3%)
37,724 (11%)
11,088 (3.2%)
30,189 (8.7%)
84,747 (24%)
174,495 (50%)
88,497 (26%)
35,295 (10%)
12 (6, 22)

916,907 (53%)

704,354 (41%)
389,172 (22%)
332,133 (19%)
212,739 (12%)
84,084 (4.8%)
11,160 (0.6%)
79 (<0.1%)

398,819 (23%)
380,816 (22%)
336,145 (19%)
318,431 (18%)
298,627 (17%)
883 (<0.1%)

1,042,633 (60%)
53,615 (3.1%)
28,585 (1.6%)
236,587 (14%)
340,767 (20%)

456,753 (26%)

795,410 (46%)

481,558 (28%)

745,650 (43%)
688,319 (40%)
299,752 (17%)
48,403 (2.8%)

9388 (0.5%)
67,340 (3.9%)
161,833 (9.3%)
48,257 (2.8%)
125,437 (7.2%)
338,515 (20%)
813,357 (47%)
389,791 (22%)
165,979 (9.6%)
7 (3, 15)

Data are n (%) unless otherwise specified.

without psoriasis (instead of using time-updated psoriasis
severity status within existing matched sets), effect esti-
mates for severe psoriasis were somewhat smaller (e.g.

J. Matthewman et al.

comorbidity-adjusted HR 1.23 [95% CI 1.16-1.29] for
dementia, 1.45 [1.32-1.59] for vascular dementia, 1.11
[1.02-1.21] for Alzheimer’s dementia) (Table S3).

Frailty

In our secondary analysis of people aged 65 years and
over, we found the association between psoriasis and
dementia was smaller in the mild, moderate and severe
frailty groups, compared to those who were not frail, but
confidence intervals overlapped (Table S4).

Psoriatic arthropathy

Additionally adjusting analyses for time-updated psoriatic
arthritis status did not considerably change effect esti-
mates (Table S5).

Discussion

We found people with psoriasis were at increased demen-
tia risk, although relative risk (1.06 [1.04-1.08]) and
absolute rate differences were small (24 per 100,000
person-years). The magnitude of increased risk was higher
for vascular dementia (1.10 [1.06-1.14]). However, there
was no evidence of increased Alzheimer’s dementia risk
(1.03 [1.00-1.06]). Hazard ratios increased with time
since the first psoriasis diagnosis. People with severe pso-
riasis had considerably increased vascular dementia risk
(1.49 [1.36-1.62]), but not Alzheimer’s dementia (1.09
[1.01-1.18]). Results were consistent across a range of
sensitivity analyses. In summary, our findings suggest
that, compared to the general population, people with
psoriasis, especially with severe psoriasis, may be at
long-term increased risk of vascular, but not Alzheimer’s,
dementia.

The internal validity of our study was, like other obser-
vational studies, potentially limited by selection and infor-
mation bias and residual confounding. Our study was
population-based and not restricted to specific demo-
graphic, hospital, or insurance groups. Hence, selection
bias is not a major concern.

There may be misclassification in our dementia defini-
tion. Up to 40% of people living with dementia may not
have a diagnosis.”” In addition, we relied on individuals
consulting for, and having their condition recorded in
electronic health records with a relevant morbidity code.
However, using linked hospital admissions data to
increase ascertainment was a strength.

Dementia ascertainment may be greater in people with
psoriasis due to increased healthcare contact (reflected in
a higher median consultation count in the year before
cohort entry). However, a sensitivity analysis restricted to
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85UB017 SUOWILIOD 3AIE.D 3|deotdde au Aq peusenob afe sapiie O ‘88N JO S3N. 1o} Afeiq 1 8U1JUO A8|IA UO (SUORIPUOD-PUE-SLLBHW0D" A3 1M A el [BuUO//:SdNU) SUORIPUOD pUe W | 8L} 88S *[G202/80/T2] Uo AriqIaulluo A8 1M ‘1881 Ad £8225 €UIR/Z00T OT/I0p/W00" A3 1M Alelq 1 jeul|uoy/Sdny WOl papeojumoq ‘Z ‘S0z ‘€0S682€2



J. Matthewman et al. Psoriasis & Dementia
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Alzheimer's dementia 1.04(1.01, 1.07) 342,540 2,815,775 4,757 1.69 0.06(0.02,0.11)
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)

I‘ 1.04(1.00, 1.07 286,039 2,387,719 3,801 1.59 0.06 (0.01,0.11)
|
g I 1.08 (1.06, 1.10) 342,641 2,797,312 12,717 4.55 0.34(0.27,0.42)
o Dementia (all) | 1.08(1.06, 1.10) 342,520 2,796,679 12,706 4.54 0.34(0.26, 0.41)
-g 1.06 (1.04, 1.08) 342,520 2,796,679 12,706 4.54 0.24(0.16,0.32)
@) : [ J 1.06 (1.04, 1.09) 286,033 2,372,691 9,752 411 0.24(0.16, 0.32)
|
| 1.13(1.09, 1.17) 342,663 2,821,028 3,430 1.22 0.14(0.10, 0.18)
Vascular dementia | 1.13(1.09, 1.17) 342,542 2,820,382 3,427 1.22 0.14(0.10, 0.18)
1.10(1.06, 1.14) 342,542 2,820,382 3,427 1.22 0.11(0.07, 0.15)
: 2 1.11(1.07, 1.16) 286,041 2,391,684 2,641 1.10 0.11(0.07, 0.15)
170 172 174 1?6 1?8 HR (95%Cl) n person-years events rate rate dif. (95% CI)
HR (95% CI) in people with psoriasis
model min. adj. (age, sex, practice) + IMD, calendar period + comorbidities @ + ethnicity

Figure 2. Hazard ratios (95% Cl) comparing hazards of dementia in people with psoriasis to a matched population without. Fitted to individuals
with complete data for all variables included in each model and from valid matched sets (matched sets including one psoriasis-exposed individual
and at least one unexposed comparator without psoriasis). Number of individuals (n), person-years, number of outcomes (events) and absolute
rate per 1000 person-years are given for people with psoriasis. The rate difference per 1000 person-years (with 95% confidence intervals)
between people with and without psoriasis is calculated as the rate in those with psoriasis minus the estimated rate in those without psoriasis
(rate in those with psoriasis x [1/hazard ratio]). Models: 1. (min. adj. [age, sex, practice]): Implicitly adjusted for age, sex, and general practice
(due to underlying timescale and matching); 2. (+ IMD, calendar period): Additionally adjusted for deprivation via quintiles of the Index of
Multiple Deprivation (IMD) and calendar period (1997-2003, 2004-2011, 2012-2013, 2014-2015, 2016-2019, 2020-2021); 3. (+ comorbidities):
Additionally adjusting for chronic comorbidities where we feel there is convincing evidence that they act as confounders (i.e., chronic liver
disease, chronic lung disease, cardiovascular disease, cerebrovascular disease, diabetes mellitus, depression, high cholesterol, hypertension, and
CKD); 4. (+ ethnicity): Additionally adjusted for ethnicity.
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;’ Alzheimer's dementia  10-151 | —@— 1.10(1.03,1.17) 97,574 351,448 1,096 3.12  0.28(0.09, 0.45)
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; 20-259 | —@— 1.20(1.05, 1.37) 12,889 24,164 303 12.54 2.05(0.56, 3.36)
2 15-204 1 —@— 1.12(1.06, 1.19) 45,103 135,453 1,425 10.52 1.15(0.59, 1.68)
"g Dementia (all) 10-1541 | @ 1.08(1.04, 1.13) 96,501 346,689 2,649 7.64 0.60(0.30, 0.88)
ﬁ 5-10{ '@ 1.05(1.01, 1.08) 166,503 649,410 3,347 5.15 0.23(0.04, 0.40)
'g 0-5 1 *— 0.99 (0.96, 1.03) 254,213 1,054,353 3,494 3.31 -0.03(-0.15,0.08)
'E 20-25 T @ 1.16 (0.91, 1.47) 13,256 24,927 86 3.45 0.47(-0.34,1.11)
<3 15-201 1 —@—— 1.28(1.15,1.43) 46,138 138,842 421 3.03 0.67(0.40, 0.91)
G Vascular dementia 10-151 —+@— 1.05(0.97, 1.13) 97,821 352,772 740 2.10 0.10(-0.07, 0.25)
g 5-10{ '—@— 1.10(1.03, 1.18) 167,812 656,178 938 1.43 0.13(0.04, 0.22)
E 0-5 1 :—.— 1.05(0.98, 1.13) 254,237 1,058,518 876 0.83 0.04(-0.02, 0.09)

170 1?1 1?2 173 1?4 1?5 n person-years events rate rate dif. (95% CI)

HR (95% CI) in people with psoriasis

Figure 3. Hazard ratios (95% Cl) comparing hazards of dementia in people with incident psoriasis to a matched population without, including
interaction with follow-up time in 5-year bands. Results are from a cohort of incident psoriasis and comorbidity-adjusted models (adjusted for
age, sex, and general practice due to underlying timescale and matching, and quintiles of the Index of Multiple Deprivation, calendar period,
chronic liver disease, chronic lung disease, cardiovascular disease, cerebrovascular disease, diabetes mellitus, depression, high cholesterol,
hypertension, and CKD). Fitted to individuals with complete data for all variables included in each model and from valid matched sets (matched
sets including one psoriasis-exposed individual and at least one unexposed comparator without psoriasis). Number of individuals (n), person-years,
number of outcomes (events) and absolute rate per 1000 person-years are given for people with psoriasis. The rate difference per 1000
person-years (with 95% confidence intervals) between people with and without psoriasis is calculated as the rate in those with psoriasis minus
the estimated rate in those without psoriasis (rate in those with psoriasis x [1/hazard ratio]).
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+ IMD, calendar period + comorbidities @ + ethnicity

Figure 4. Hazard ratios (95% Cl) comparing hazards of dementia in people with mild/moderate psoriasis, or severe psoriasis to a matched
population without. Fitted to individuals with complete data for all variables included in each model and from valid matched sets (matched sets
including one psoriasis-exposed individual and at least one unexposed comparator without psoriasis). Number of individuals (n), person-years,
number of outcomes (events) and absolute rate per 1000 person-years are given for people with psoriasis. The rate difference per 1000
person-years between people with and without psoriasis is calculated as the rate in those with psoriasis minus the estimated rate in those without
psoriasis (rate in those with psoriasis x [1/hazard ratio]). Models: 1. (min. adj. [age, sex, practice]): Implicitly adjusted for age, sex, and general
practice (due to underlying timescale and matching); 2. (+ IMD, calendar period): Additionally adjusted for deprivation via quintiles of the Index of
Multiple Deprivation (IMD) and calendar period (1997-2003, 2004-2011, 2012-2013, 2014-2015, 2016-2019, 2020-2021); 3. (+ comorbidities):
Additionally adjusting for chronic comorbidities where we feel there is convincing evidence that they act as confounders (i.e., chronic liver
disease, chronic lung disease, cardiovascular disease, cerebrovascular disease, diabetes mellitus, depression, high cholesterol, hypertension, and

CKD); 4. (+ ethnicity): Additionally adjusted for ethnicity.

those with at least one consultation with their GP in the
year before cohort entry to exclude practice non-attenders
was consistent with our main results, although the possi-
bility of detection bias remains.

There may also be a misclassification of dementia sub-
type. Almost a third of dementia outcomes were classified
as neither Alzheimer’s nor vascular dementia. It is likely
that some of these would constitute cases of Alzheimer’s
or vascular dementia, for example, when an individual’s
dementia subtype is not, or only later, classified. Clinical
diagnosis of dementia subtype can also be inaccurate.”®

Of the 14 main modifiable risk factors for dementia,’
we captured smoking, excessive alcohol consumption,
hypertension, obesity, diabetes, hearing loss, depression
and high cholesterol. Vision loss, physical inactivity (cap-
tured as activity limitation) and social isolation (captured
as social vulnerability) were part of our frailty definition.
We did not capture education and air pollution as these
are not routinely recorded by GPs. We did not capture

head injury as this was unlikely to be related to psoriasis.
We captured additional factors that may confound or
mediate the association between psoriasis and dementia,
and we aimed to mitigate misclassification due to vari-
ability in coding practices via adjustment for calendar
period (to account for temporal changes in diagnostic
and coding practices). Nevertheless, the possibility of
residual confounding remains.

We saw missing smoking and BMI status of between
13 and 28% (depending on exposure status and variable).
Due to the high proportion of missing data, we only
included overweight/obese and smoking status in a sensi-
tivity analysis (as limiting analyses to those with complete
smoking and BMI data may preferentially include those
with both exposure [psoriasis] and outcome [dementia]),
where effect estimates were somewhat attenuated com-
pared to our main analysis.

We used two approaches to estimate hazard ratios,
each with different strengths. First, we estimated hazard
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ratios across the entire follow-up time in a cohort includ-
ing existing and newly-diagnosed psoriasis to maximise
psoriasis capture (with the onset of many cases at a lower
age than our study population of over 40s). Second, to
assess the impact of time with psoriasis, we used a cohort
of only newly diagnosed cases and estimated hazard ratios
in 5-year follow-up time bands. The exact onset date of
relapsing—remitting conditions like psoriasis cannot
always be accurately captured in routinely collected data,
meaning our cohort of newly-diagnosed psoriasis may
have included some with pre-existing psoriasis. However,
as would be expected if psoriasis-related dementia risk
increases with time, we found no increased dementia risk
within the first 5 years after newly diagnosed psoriasis.

Ideally, our study would aim to investigate a potential
causal relationship between psoriasis and dementia. How-
ever, we need to be cautious about assessing causality
given the complex relationship between psoriasis and
dementia, and the potential confounders and mediators
of the relationship. In many instances, the clinical reality
means that some of the covariates we assessed could act
as both confounders and mediators, and the direction of
association between important variables may be in both
directions (making relationships difficult to capture in a
DAG). In our main analysis using a cohort of incident
and prevalent psoriasis we were also unable to reliably
assess whether some covariates occurred before or after
psoriasis exposure. We explored some of the complexity
of the relationship between exposure and outcome using
a sequential modelling strategy, where we added variables
that may act as mediators in later models, and found
effect estimates were consistent with the main results.
Our findings from a sensitivity analysis limiting our study
population to individuals with new-onset psoriasis and
their matched comparators were also broadly consistent
with those of our main analysis.

Our psoriasis severity definition may misclassify indi-
viduals with severe psoriasis as less severe disease if they
refuse medical therapy. Misclassification of psoriasis status
or severity may over- or underestimate the real associa-
tion between psoriasis severity and dementia because early
symptoms of dementia could influence diagnostic and
treatment preferences. However, general practitioners will
record dementia diagnoses independently and prospec-
tively, so it is likely that reverse causality will affect all
study participants equally regardless of psoriasis status
(i.e., nondifferential misclassification, suggesting a bias
toward null rather than spurious association). A further
limitation of our psoriasis severity definition was that we
were unable to capture symptom reduction or resolution
(absence of records for psoriasis does not necessarily
mean absence in symptoms). Consequently, we consid-
ered individuals as having severe disease from the date

Psoriasis & Dementia

they meet the definition and may therefore wrongly clas-
sify people as having severe psoriasis when their symp-
toms have reduced or resolved, which may have diluted
the effect of psoriasis severity on dementia and biasing
our effect estimate to null.

Our psoriasis severity definition was based on psoriasis
therapies. Psoriasis therapies may themselves affect the
risk of dementia. However, with most psoriasis therapies
reducing inflammation, it is possible that they actually
reduce the risk of vascular dementia, meaning our results
for severe psoriasis and vascular dementia may be
underestimates.

As we did not have access to records of
hospital-delivered therapies (targeted drugs for psoriasis
are predominantly delivered in secondary care) we may
have missed a small number of individuals with severe
psoriasis whose condition is solely managed in secondary
care. However, we expect that these individuals will have
been prescribed other severe-psoriasis therapies in pri-
mary care prior to being managed with targeted biologics.

Our findings on the risk of dementia
(comorbidity-adjusted HR 1.06 [1.04-1.08]) and Alzhei-
mer’s dementia (1.03 [1.00-1.06]) are similar to previous
large population-based studies. A study in the Korean
National Health Insurance System database (535,927 with
psoriasis) found a hazard ratio of 1.09 (95% CI
1.07-1.12) for Alzheimer’s dementia.” A study in the Tai-
wan National Health Insurance Research Database
(111,825 with psoriasis) found a hazard ratio of 1.02
(0.96-1.09) for all-cause dementia.'® In both studies, and
ours, such weakly increased risks may be fully explained
by residual confounding or bias related to routinely col-
lected data or observational study design. However, our
study also offers a comparison between different types of
dementia. The larger effect estimates seen for vascular
dementia compared to Alzheimer’s dementia, especially in
those with severe psoriasis, make it less likely that an
increased risk of vascular dementia can be fully explained
by bias or confounding. Our findings of a greater risk of
vascular dementia are also supported by previous work
providing evidence of an association between psoriasis
and vascular disease.’’ > However, the evidence of an
association between other immune mediated inflamma-
tory diseases (such as rheumatoid arthritis) and dementia
is mixed.*® Thus, further research is needed to clarify the
role of chronic systemic inflammation as a driver of
psoriasis-associated dementia risk.

Reassuringly, our study suggests it is unlikely people
with psoriasis are at increased risk of Alzheimer’s disease
compared to the general population (or at least any
increased risk is likely to be very small). While the finding
of increased risk of all-cause dementia was unlikely due
to chance, the increase in risk was again very small and
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potentially not clinically important, or could be explained
through residual bias or confounding. However, there
may be some long-term increased risk of vascular demen-
tia, especially with more severe psoriasis, although abso-
lute rate differences were small. Future research could use
more granular psoriasis severity measures to more pre-
cisely identify those at increased risk and data with longer
available follow-up time could be used to further investi-
gate the time it takes for psoriasis-related dementia risk
to develop.
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