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Psoriasis is associated with anxiety and depression (1).
The mechanisms underlying this association are unclear,
but probably reflect signs (2) and symptoms (3) of the
disease, and systemic inflammation (4).

Targeted immunomodulators in psoriasis can be
grouped into 5 classes, based on mode of action (MoA):
tumour necrosis factors-alpha inhibitors (TNFis), inter-
leukin (IL) 12/23 inhibitors (IL-12/231s), IL-17 inhibitors
(IL-17is), IL-23 inhibitors, and phosphodiesterase-4
inhibitor (PDE-4is). Given the association between
systemic inflammation and depression, these MoAs
may have distinct direct effects on depressive symptoms
(5). Estimating this direct effect is important because it
may help identify patients who benefit from treatment
with specific MoA and could advance our understand-
ing of the association between systemic inflammation
and depression. The aim of this register analysis was
to explore whether targeted immunomodulators with
different MoAs had distinct direct effects on depressive
symptoms in psoriasis.

MATERIALS AND METHODS

Study setting and data sources. DermaReg-Pso enrols patients in
Region Stockholm who are candidates for systemic treatment for
psoriasis and follows them prospectively (7). Data are collected
when patients visit the clinic during standard clinical practice.
Appendix S1 shows further details of DermaReg-Pso.

Outcomes: The main outcome was depressive symptoms measu-
red using the Montgomery-Asberg Depression Rating Scale-self
assessment (MADRS-s) instrument (8). The instrument is patient
reported and covers 9 domains: depressed mood, feelings of une-
ase, reduced sleep, reduced appetite, concentration difficulties,
lassitude, inability to feel, pessimism, and suicidal ideation (8).
Each domain is scored between 0 and 6 for a total score of 0—54
(8). MADRS-s was evaluated as an interval scale (i.e. it was as-
sumed that the order and the difference between 2 points on the
scale is meaningful). The MADRS-s domain scores were used as
secondary outcomes; these were also assumed to be interval scales.
Furthermore, the Anxiety/Depression (AD) dimension from the
EQS5D-3L instrument (EQ5D-3L-AD) was used as an additional
outcome (9). Respondents to the EQ5SD-3L-AD choose 1 of 3 le-
vels related to anxiety/depression equivalent to “no”, “some”, and
“major” depression. EQ5D-3L-AD was evaluated as an ordered
categorical scale.

Exposures: The main exposures in this study were MoA for targe-
ted immunomodulators in psoriasis: TNFis, [L-12/23is, 1L-17is,
IL-23is, and PDE-4is. TNFis comprised adalimumab, certolizumab
pegol, etanercept, infliximab, and golimumab; IL-12/23is compri-
sed ustekinumab; IL-17is comprised bimekizumab, brodalumab,
ixekizumab, and secukinumab; IL-23is comprised guselkumab, ri-

sankizumab, and tildrakizumab; and PDE4is comprised apremilast.
Covariates and mediators. The study included covariates that were
a priori considered to affect both exposures and outcome. These
were: sex, age, measurement year, and highest observed Derma-
tology Life Quality Index (DLQI) (proxy for disease impact on
quality of life; measured over the entire observation period). To
account for indirect effect of treatments on depressive symptoms
the following potential mediators were included: Psoriasis Area
and Severity Index (PASI) to measure skin disease severity (10),
an itch-visual analogue scale (VAS) to measure pruritus (11), the
Psoriatic Arthritis Screening and Evaluation (PASE) questionnaire
to measure joint problems (12), and the DLQI to measure health-
related quality of life (HRQoL) (13).

Statistical methods. A regression model framework was used to
combine data on exposures, outcomes, and covariates. Data from
each visit with complete data during which a patient was treated
with a relevant MoA were included in the regression models. These
models were fit to assess the association between exposure (MoA)
and the level of depressive symptoms.

To estimate the total and direct controlled associations between
depression and specific MoAs, all observations with complete data
were included in linear regression models with total MADRS-s
as the outcome. Two models were used: 1 with MoAs and con-
founders as independent variables to study the total controlled
effect, and 1 with MoAs, confounders, and potential mediators
as independent variables to study the direct controlled effect.
The total controlled effect is an estimate of the effect of a specific
MoA relative TNFis when differences in mediators (e.g. PASI
and DLQI) between MoAs are allowed to impact the estimate;
the direct controlled effect is an estimate of the effect when dif-
ferences in mediators are accounted for. TNFis were used as the
reference MoA, given that it is the most frequently prescribed
class of targeted immunomodulators in psoriasis. The interpreta-
tion of the coefficients for the different MoAs from the regression
models is the difference in MADRS-s for a specific MoA relative
to TNFis controlling for the covariates included in the model.
Furthermore, to explore the direct controlled effect of MoAs on
specific depressive symptoms for treatments that were associated
with total MADRS-s scores, linear regression models were used,
with the scores of each individual MADRS-s domain as depen-
dent variable, and MoAs, confounders and potential mediators
as independent variables. As a sensitivity analysis, the controlled
direct effect on the EQ-5D-3L-AD from different MoAs was also
estimated using an ordered logistic regression model.

Given that many patients were observed more than once, all
regression models were mixed effects models with patient as
random effect. All analyses were performed in STATA 17.2.
For exploratory purposes p-values below 0.05 were considered
statistically significant.

RESULTS

There were 2,609 observations with complete data in 405
patients. Among the 405 patients, mean (standard devia-
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Fig. 1. Effects on total Montgomery-Asberg Depression Rating Scale-self assessment (MADRS-s) and individual MADRS-s domains from
targeted immunomodulators with different modes of action in psoriasis. (A) Total controlled and direct controlled effect on total MADRS-s scores
for different modes of action. (B) Controlled direct effect on individual MADRS-s domains for different modes of action. The estimates for total and direct
controlled effects were obtained from mixed effects linear regression models controlling for confounders and (for direct controlled effects only) mediators
(Psoriasis Area and Severity Index, Dermatology Life Quality Index, Itch-visual analogue scale, and Psoriatic Arthritis Screening and Evaluation). 95%
CI: 95% confidence interval; IL: interleukin; PDE-4is: phosphodiesterase-4 inhibitor.

tion; SD) age was 48.5 (15.5) years, 269 (66.4%) were
male, and 136 (33.6%) had PsA (Table SI). The numbers
of observations per MoA were 1,172 for TNFis, 661 for
1L-12/23is, 540 for IL-17is, 174 for 1L-23is, and 62 for
PDE-4is (Table SII).

IL-12/231s, 1L-17is, IL-23is were associated with a
total controlled effect compared with TNFis, whereas
only IL-17is and IL-23is were associated with direct
controlled effects on total MADRS-s score (Fig. 1A,
Table SIII). IL-23is were also associated with signifi-
cantly reduced odds of depression measured using the
EQ-5D-3L-AD (Table SIV).

In terms of individual MADRS-s domains IL7is and
IL23is were associated with beneficial direct effects in
the concentration, inability to feel, pessimism, unease
(IL-171is only), and suicidal ideation (IL-17is only),
domains of MADRS-s (Fig. 1B).

DISCUSSION

This study found that IL17is and IL23is are associated
with reduced depressive symptoms compared with TNFis
when controlling for confounders and mediators. This
direct controlled effect on depressive symptoms may
reflect their effect on systemic inflammation.

It is important to note that the controlled direct effects
on depression with IL17is and IL23is observed in this
study may reflect factors other than systemic inflam-
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mation; for example, the observed effects may reflect
improvements in signs or symptoms of psoriasis that
were not controlled for. However, the fact that the regres-
sion models fit to estimate controlled direct effects were
adjusted for quality of life measured using the DLQI,
suggests that such an effect is less likely, as the DLQI
includes a question on stinging, burning, and skin pain.

The clinical significance of these findings is unclear.
On the one hand, the relatively modest reduction in total
MADRS-s scores fall below the threshold for clinically
meaningful change, estimated at 3—9 points for MADRS-s
(14); on the other hand, the impact on depression mea-
sured using the EQ-5D suggests that the changes may
be important. In this context should be noted that most
patients were not depressed, resulting in that clinically
meaningful change in MADRS-s score would not be
possible in many patients.

Two main limitations of this study are uncertain ge-
neralizability, and potential measurement error, given
that MADRS-s and EQ-5D may not accurately measure
depressive symptoms, especially as we did not account
for use of antidepressants. Furthermore, the results can-
not be interpreted as causal given the non-randomized
observational study design.

In conclusion, this study supports the notion that IL17/
IL23 pathway may be important for depression in psoria-
sis and that blocking related cytokines may directly re-
duce depressive symptoms. However, further research is
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needed. Especially, a study that also measures circulating
cytokines would be important to better understand the
mechanistic link and therapeutic potential of anti- IL.17/
IL23 treatment for depression.
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