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Abstract

Psoriasis is a chronic‐inflammatory, immune‐mediated disease leading to a state of

increased systemic inflammation. Mental comorbidities often occur in the patients

and may additionally affect the therapy outcome. Currently, it is unknown whether

the disease severity, psychosocial stress or health‐related quality of life determines

the manifestation of anxiety/depression, or vice versa, in psoriasis. The interplay

between these variables during the dermatological treatment of psoriasis remains

to be elucidated in order to initiate appropriate psychological interventions and to

identify patients at risk for comorbid anxiety/depression. In a prospective cohort

study, the impact of disease severity, health‐related quality of life and psychosocial

stress on anxiety/depression were examined during the dermatological treatment in

patients with moderate to severe psoriasis (patients with psoriasis = PSO). Patients

were examined before (T1) and about 3 months after (T2) the beginning of a new

treatment episode, in most cases by means of systemic therapy. Data were analysed,

exploratory, using Bivariate Latent Change Score Models and mediator analyses.

Assessments included patient‐reported outcomes (Hospital Anxiety and Depression
Scale/HADS, Perceived Stress Scale/PSS, Childhood Trauma Questionnaire/CTQ,

Dermatology Life Quality Index‐DLQI, Body Surface Area‐BSA), at both T1 and T2.

83 PSO patients (37.3% women, median age 53.7, IQR 37.8–62.5, median BSA 18.0,

IQR 9.0–40.0) with complete data of HADS and DLQI were included. In the total

group, a higher anxiety/depression at T1 was associated with a lower improvement

in psoriasis severity in the course of the dermatological treatment (γBSA = 0.50,

p < 0.001). In subgroups of PSO with low/high CTQ scores, anxiety/depression at T1

had no impact on the change in psoriasis severity. Only by tendency, in CTQ sub-

groups, a higher psoriasis severity at T1 was linked with a higher improvement in

anxiety/depression at T2 (low/high CTQ, γHADS = −0.16/−0.15, p = 0.08). An

improvement in the health‐related quality of life was positively associated with an

improvement in anxiety/depression (Pearson's r = 0.49, p = 0.02). Here, the
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reduction of acute psychosocial stress seems to be a decisive factor, mediating this

association (β = 0.20, t [2,60] = 1.87; p = 0.07, 95% CI −0.01, 0.41). The results

allude, that the initial severity of anxiety/depression may presumably have an

impact on the treatment outcome in the total group. In contrast, analysing sub-

groups of patients with high/low childhood trauma, the impact of the initial disease

severity on the course of anxiety/depression after a switch to a new dermatological

treatment could not be conclusively ruled out. The latter results from the latent

change score modelling should be treated cautiously because of the small sample

size. A common aetiopathological mechanism for psoriasis and anxiety/depression

might be assumed with impact of dermatological treatment on both. The change in

perceived stress seems to play an important role in the manifestation of anxiety/

depression, substantiating the need for adequate stress management in patients

with increased psychosocial stress during their dermatological treatment.
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1 | INTRODUCTION

Psoriasis is a chronic‐inflammatory, immune‐mediated disease with

typical erythematous, indurated, scaly, puritic, often painful skin

plaques, affecting about 125 million people, worldwide (Kor-

man, 2020). As underlying pathophysiology, an increased secretion of

certain pro‐inflammatory cytokines have been proven, leading to a

state of increased systemic inflammation and risk for numerous so-

matic comorbidities, for example, psoriatic arthritis, cardiovascular

and metabolic diseases (Bu et al., 2022; Grozdev et al., 2014;

Purzycka‐Bohdan et al., 2022), which in turn display independent and
additional risk factors for mental comorbidities in psoriasis (Geale

et al., 2020). In about every second to fifth patient, clinically relevant

symptoms of anxiety and depression occur as major mental comor-

bidities (Dalgard et al., 2015; Pollo et al., 2021; Sondermann

et al., 2021). Even though generally, a higher disease severity and

pruritus go along with higher depressiveness, patients with mild

psoriasis also show an increased risk (Gupta & Gupta, 2003; Pollo

et al., 2021). Until now, it has not been proven whether psoriasis

predisposes the evolvement of comorbid anxiety and depression or

vice versa (Lukmanji et al., 2021). On the one hand, the impact of

psoriasis on the activities of daily life, general psychophysical func-

tioning and well‐being may lead to mental impairments, such as

increased anxiety or depression, for example, when patients feel

stigmatised by others or ashamed by their appearance, suffer from

pain, pruritus, sexual dysfunctions, with major impact on their

physical activity and work performance (Augustin & Radtke, 2014;

Homayoon et al., 2020; Jaworecka et al., 2021; Lakuta & Przybyla‐
Basista, 2017; Molina‐Leyva et al., 2019; Nowowiejska et al., 2022;

Orbai et al., 2021). On the other hand, evidence hints towards similar

secretion patterns of pro‐inflammatory cytokines, for example,

tumour necrosis factor (TNF)‐alpha (α) and a dysfunction of the

serotonin metabolism in both, psoriasis and certain mental disorders

such as major depression, suggesting a common aetiopathogenetic

mechanism (Holsken et al., 2021; Krishnadas et al., 2016). This may

be corroborated by the positive effect of TNF‐α antagonists (e.g.

Adalimumab) on depression symptoms (Menter et al., 2010). More-

over, it has been shown that depression may increase the risk for the

evolvement of psoriasis arthritis (Lada et al., 2022; Lewinson

et al., 2017).

It is well‐known that the health‐related quality of life, indicating

the impact of a chronic skin disease on the patients´ everyday life,

depends not only on the disease severity, but also on other factors,

such as experiences of stigmatisation, skin shame, visibility of psori-

atic lesions and mental distress (Geale et al., 2017; Heydendael

et al., 2004; Homayoon et al., 2020; Pollo et al., 2021; Schmitt &

Ford, 2007; Vardy et al., 2002). Patients with increased depressive-

ness also report a diminished health‐related quality of life, even un-

der minor psoriasis severity (Pollo et al., 2021; Schmitt & Ford, 2007).

On the other hand, it is well‐known that a decrease in the severity of
the disease is accompanied by an improvement in the skin‐related
quality of life (Mattei et al., 2014).

Besides the influence of psoriasis severity on mental health

outcomes in PSO, there is large evidence, that psychosocial stressors

play a pivotal role in the manifestation and exacerbation of psoriasis,

especially in patients with high worrying and scratching (Al' Aba-

die, 1994; Verhoeven et al., 2009; Zachariae et al., 2004). For

instance, studies have shown a positive impact of cognitive‐
behavioural interventions, including stress management techniques,

on the reduction of mental distress, psoriasis severity and improve-

ment of the health‐related quality of life (Fortune et al., 2004; For-

tune, Richards, Kirby, et al., 2002; Nagarajan & Thappa, 2018).

Moreover, evidence hints towards increased traumatic stress expe-

riences during childhood in PSO, which may predispose them to a
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chronic inflammatory state, higher diseases severity and psycholog-

ical disorders (Erfanian, 2018; Sahiner et al., 2014; Simonic

et al., 2010, 2013; Wintermann et al., 2022).

Currently, evidence is needed in order to better understand the

bidirectional interactions between somatic and psychological factors

in this so‐called ‘psychosomatic skin disease’ like psoriasis (Sahi

et al., 2020). The interplay between certain variables during the

dermatological treatment of psoriasis (e.g. disease severity, mental

distress, psychosocial stress) remains to be further elucidated. This is

of clinical relevance in order to better understand the underlying

aetiopathogenesis, identify risk patients for both psoriasis and co-

morbid mental disorders at an early stage, and to initiate optimal

dermatological treatment and adequate, adjunct psychological in-

terventions for patients in need and with an increased risk for co-

morbid anxiety and/or depressive disorders (Koo et al., 2019;

Vasilakis‐Scaramozza et al., 2020).

The present prospective cohort study therefore investigates:

Firstly, (1) whether the improvement of the disease severity is

accompanied by an improvement in anxiety and depression, and

whether this depends either on the initial severity or mental distress

or the extent of traumatic childhood experiences; Secondly, (2)

whether the improvement in the health‐related quality of life is

accompanied by an improvement in anxiety/depression, and whether

this depends either on the initial health‐related quality of life or the

initial mental distress. For these purposes, bivariate latent change

score modelling was used in order to analyse individual differences

regarding changes during the dermatological treatment. Lastly, (3), it

is of interest whether the associations described under (1) and (2) are

mediated by changes in the perceived psychosocial stress during the

dermatological treatment.

2 | METHODS

The present study was conducted in accordance with the declaration

of Helsinki and approved by the local Ethic Committee of the Tech-

nische Universität Dresden. All patients gave an informed consent

before study participation. The study was supported with a research

fund by the Robert‐Pfleger‐Stiftung (Fonds number: 060_4967).

2.1 | Participants and procedure

The study design and enrolment of study participants have already

been published (Wintermann et al., 2022). 136 patients with psoriasis

(abbreviated as PSO) were enroled during their visit at a dermato-

logical outpatient or inpatient unit, specialised on the diagnostic and

treatment of psoriasis. Both units belong to the Department of

Dermatology, located at a large University hospital in Saxony, Ger-

many. PSO had to meet the following inclusion criteria for study

participation: diagnosis of psoriasis, planned switch to systemic

therapy and/or to intensified local therapy, adequately long wash out

period (at least 12 weeks, in case of a switch from one systemic to

another systemic therapy), sufficient German language skills, age

between 18 and 75 years, complete data with respect to Hospital

Anxiety and Depression Scale (HADS) and Dermatology Life Quality

Index (DLQI). Exclusion criteria were: refusal of study participation,

inability to give informed consent (e.g. in case of mental disability or

insufficient German language abilities).

Patients were asked to rate the severity of psoriasis and fill in

several questionnaires concerning anxiety/depression, health‐related
quality of life, perceived stress, childhood trauma, among others, at

two time points. The first assessment took place before the beginning

of a new treatment episode (T1) (e.g. the switch to systemic therapy

and/or intensified local therapy), the second assessment (T2) about

12 to 16 weeks after T1, between January 2016 and March 2020.

Before the second time point, the patients were contacted via tele-

phone call and the postal delivery of a questionnaire was announced.

Patients who could not be followed up at T2 (with respect to HADS

and DLQI) were defined as drop outs. Out of the originally 136

enrolled patients, a sample of 83 patients could be followed up, with

complete data of both HADS and DLQI.

2.2 | Measures

A dermatologist assessed the patient's medical history, comorbidities

(e.g. psoriasis arthritis) at T1, and severity of psoriasis, using the

Psoriasis Area and Severity Index (PASI), at T1 and, if possible, also at

T2. Since at T2 most patients were treated by an outpatient

dermatologist outside our Dermatology Department, objective PASI

were not accessible for these patients at T2. The patients were asked

to rate the severity of psoriasis using the Body Surface Area (BSA)

and subjective PASI (SAPASI) (range: 0–72), both at T1 and T2. A

PASI score >10 can be evaluated as moderate to severe (Mrowietz

et al., 2011). A SAPASI score between 3 and 15 was classified to be

moderate (Feldman et al., 1996). At T1, the number of patients with

an objective PASI were missing in six cases, at T2 in 55 cases. SAPASI

values were missing in eleven cases at T2. Because of missing values,

we only considered the BSA as outcome variable.

Additionally, the patients were asked to fill out several ques-

tionnaires at two time points. (1) At both T1 and T2, each patient,

using a body silhouette (front and back), marked the body surface

area (BSA) with skin affected by psoriatic lesions. The area of one

hand corresponds to 1% of the body surface. Moderate to severe

forms of psoriasis reach values higher than 10% (total range: 0%–

100%; inter‐rater reliability Spearman's rho = 0.98) (Mrowietz

et al., 2011). The BSA was applied as patient‐reported outcome

instead of an evaluation by a trained evaluator because the latter was

not routinely assessed by a dermatologist at our Department of

Dermatology. (2) The intensity of anxiety and depression was rated

using the Hospital Anxiety and Depression Scale (HADS) (Herrmann

et al., 1995) (14 items, range: 0–3, min‐max: 0–21, internal consis-
tency Cronbach's α = 0.88 for T1/0.91 for T2 in the present study),

both at T1 and T2. (3) The perceived stress during the last month was

estimated using the Perceived Stress Scale (PSS) (Cohen et al., 1983)
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(14 items, range: 0–4, min‐max: 0–56), both at T1 and T2. The in-

ternal consistency of the PSS was unsatisfactory in the present study

(Cronbach's α = 0.54 for T1/0.55 for T2). (4) The Childhood Trauma

Questionnaire (CTQ) (Klinitzke et al., 2012) (31 items, range: 0–4, min‐
max: 0–96) was used in order to assess the extent of perceived

childhood maltreatment (physical ‐, emotional ‐, sexual abuse, phys-
ical ‐, emotional neglect). A total sum score was calculated and a

median‐split was chosen in order to examine subgroups of PSO with

low/high extent of childhood trauma. Internal consistency was good

in the present study (Cronbach's α = 0.85). (5) At both T1 and T2, the

health‐related quality of life (Dermatology Life Quality Index, DLQI)

(Finlay & Khan, 1994) was used to rate the impact of psoriasis on the

everyday life (10 items, range: 0–3, min‐max: 0–30, internal consis-
tency Cronbach's α = 0.90 for T1/0.92 for T2 in the present study).

2.3 | Sample size calculation

The sample size calculation was based on the primary goal to assess

psychological predictors of the therapy outcome in patients with

psoriasis. For this purpose, a multiple regression analysis with up to

nine regressors, a Type I error probability of 5%, a statistical power

(1‐β) of 80% and a small effect size Cohen's f2 of 0.14 was assumed.

According to Scharloo et al. (2000), a drop out rate of 25% was

considered and resulted in a sample size of at least 74 patients. A

post‐hoc power analysis for the Bivariate Latent Change Score

Models (BLCSM) was applied, using a R‐syntax as suggested by

Zhang and Liu (2018). It revealed a high power for the estimation of

the β‐model parameters (power > 0.96) and a low power for the

estimation of the γ‐model parameters (between 0.04 and 0.36).

2.4 | Statistical analyses

Only cases with complete data for HADS and DLQI were included.

Patients with missing HADS/DLQI‐values at follow‐up (T2) were

defined as drop outs. The number of missing values of the further

outcome parameters (e.g. BSA, PSS, CTQ) and sociodemographic

variables were outlined in the captions of the tables. Whether values

were missing completely at random (MCAR) or not was analysed using

MCAR tests. It could be proven that all missing values were missing

completely at random (all p values > 0.05). Following, analyses were

realised using incomplete cases. Categorical variables are displayed as

frequencies and percentages, and non‐normally distributed or ordinal
data as medians and interquartile ranges. Group differences between

PSO and drop outs are tested using chi‐squared or Fisher's exact tests,
for categorical variables, and Mann‐Whitney U‐Tests in case of non‐
normally distributed or ordinal data. Mean values and standard de-

viations were calculated for normally‐distributed continuous vari-

ables. Correlations between the main outcome variables were

calculated using Spearman's rho (in case of ordinal or non‐normally
distributed data) or Pearson's correlation coefficients (in case of

continuous and normally distributed data).

Additionally, Latent Change Score Modelling (LCSM) was used in

order to exploratory model the impact of psoriasis severity (BSA),

health‐related quality of life (DLQI) and perceived stress (PSS) on the
psychopathology (HADS), at two time points. In LCSM, longitudinal

data of dependent variables, for example, at T1 and T2, are modelled

using an autoregressive structure (Kievit et al., 2018; McArdle, 2009;

McArdle & Nesselroade, 1994). A change score between T1 and T2

(Δ T2‐T1) was calculated, which can be regarded as residuum of the

perfect correlation between both measurement time points

(Newsom, 2015). For BSA/DLQI/PSS/HADS, a change score between

the two time points (ΔT2‐T1) was modelled as latent variable by the

dependent variable at T1, with a factor loading of 1. A regression

parameter β was added to the change score, which allows investi-

gating whether the degree of change depends on the respective

scores at T1. Of interest was to determine, whether there was a

reliable average change from T1 to T2; estimate the variance in the

change factor σ2 ΔT2‐T1 (respectively to determine to what extent

individuals differ in the change they manifest over time); specify

either a covariance or an autoregressive parameter β which de-

termines to what extent change is dependent on, or proportional to

the scores at T1 (Kievit et al., 2018).

In a bivariate LCS model, the following was considered: the

impact of psoriasis severity (BSA) and health‐related quality of life

(DLQI) at T1 on the change score of anxiety/depression (ΔHADS),
and vice versa, and the impact of anxiety/depression (HADS) at T1,

on the change score of psoriasis severity (ΔBSA)/health‐related
quality of life (ΔDLQI). In another bivariate LCS model, the following

was considered: the impact of perceived stress (PSS) at T1 on the

course of HADS (ΔHADS), and vice versa, and the HADS at T1 and its
impact on the course of perceived stress (ΔPSS) from T1 to T2.

Bivariate LCS modelling was realised using the R package Iavaan and

adapted R‐scripts, based on the tutorial by Kievit et al. (2018)

(https://osf.io/4bpmq/, visited 20th of March 2023).

Mediator analyses were conducted, regarding the association

between the health‐related quality of life (ΔDLQI) and anxiety/

depression (ΔHADS), controlling for the change in perceived psy-

chosocial stress from T1 to T2 (ΔPSS). For this purpose, the macro

model Process, version 4.0 by Hayes (2018) (https://www.proc-

essmacro.org/download.html, visited 20th of March 2023) with

bootstrapping (n = 5000 bootstrap samples) and a heteroscedasti-

city‐consistent inference were applied.

p‐values were adapted for multiple testing using Bonferroni‐
corrected p‐values (p/number of statistical tests), where appro-

priate. Otherwise, results were considered significant at p ≤ 0.05 as

significance level.

3 | RESULTS

Patients with psoriasis (PSO), included in the present study, showed

significantly higher HADS total, HADS anxiety subscores

(U = 1504.500, p = 0.008/U = 1514.000, p = 0.009) and a lower

health‐related quality of life (U = 1440.000, p = 0.003), than dropped
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out patients. Compared with the final sample, significantly more

dropped out patients were smokers (χ2 = 4.478, p = 0.034). With

respect to the other main study characteristics, there were no sig-

nificant differences between both groups (Table 1, Supporting In-

formation Table S1). Of the PSO, 70 patients had a psoriasis vulgaris

(International Classification of Diseases: L40.0), one patient psoriasis

pustulosa generalista (L40.1), six patients psoriasis pustulosa pal-

moplantaris/plantaris (L40.3), four patients had both psoriasis vul-

garis and psoriasis pustulosa palmoplantaris, two patients had

psoriasis guttata (L40.4). About every third to fourth patient (n = 23,

27.7%) had a comorbid psoriasis arthritis (Supporting Information

Table S1).

Concerning the dermatological treatment, 34 (41.0%) patients

were treated with conventional systemic therapy (e.g. with metho-

trexate, cyclosporine, Acitretin, Apremilast) with/without intensified

local therapy or phototherapy; 56 patients (67.5%) received treat-

ment with a biologic (e.g. IL‐17‐/IL‐23/TNF‐α inhibitor) with/without

intensified local therapy and 10 patients (12.0%) intensified local

therapy with/without phototherapy.

During the course of the dermatological treatment, median

severity of psoriasis, as rated using the BSA, was 18.0 (IQR 9.0–40.0)

at T1 and 5.0 (IQR 2.0–10.0) at T2 (BSA: Z = −6.480, p < 0.001). At

T1, the objective PASI score of 13.8 (IQR 10.4–20.1) confirmed the

moderate to severe intensity of psoriasis in 50% of the patients.

According to the SAPASI, a median score of 15.6 (IQR 7.4–24.2)

hinted towards a severe intensity of psoriasis. While at T1, 54

(67.5%) patients displayed severe psoriasis as measured by the BSA,

this rate significantly reduced at T2 to 23 (27.7%) patients (McNemar

χ2 = 21.951, p < 0.001). The PSS, perceived stress (Z = −2.279,
p = 0.023), and DLQI, health‐related quality of life (Z = −6.229,
p < 0.001), also significantly decreased from T1 to T2. HADS anxiety/

depression did not change significantly (Z = −0.467, p = 0.641).

At T1 (but not at T2), anxiety and depression were negatively

correlated with the BSA (T1/T2: Spearman's rho = −0.265/0.142,
p = 0.018/0.200, not significant at Bonferroni‐corrected p‐value of

0.01). At both T1 and T2, anxiety/depression was positively corre-

lated with DLQI (T1/T2: Spearman's rho = 0.351/0.328, p ≤ 0.001/

0.002, significant at Bonferroni‐corrected p‐value of 0.01) and PSS

(T1/T2: Spearman's rho = 0.639/0.720, p < 0.001/0.001, significant

at Bonferroni‐corrected p‐value of 0.01).

3.1 | Exploratory results from the latent change
score model

3.1.1 | Interaction between psoriasis severity and
anxiety/depression

For the latent change score models, we were able to prove that

higher HADS initial values at T1 were associated with a lower

change in the BSA at T2 (higher ΔT2‐T1) (γBSA = 0.50, p < 0.001).

Other parameters were not significant or could not be estimated

because of low model fit. The model showed unsatisfactory model

fit indices (χ2 = 60.86, df = 6, p < 0.001, CFI = 0.66, TLI = 0.15,

NNFI = 0.15, RMSEA = 0.33 [0.26, 0.41], SRMR = 0.21,

AIC = 3265, BIC = 3316) (see Supporting Information Figure S1).

Splitting the model into two patient groups with low/high CTQ

values, psoriasis severity at T1 and improvement of anxiety/

depression (lower ΔT2‐T1) under dermatological treatment were

only associated by tendency (low CTQ: γHADS = −0.16, p = 0.08,

high CTQ: γHADS = −0.15, p = 0.08). Higher initial values for

anxiety/depression (HADS T1) went along with a higher improve-

ment of anxiety/depression (lower ΔT2‐T1) under dermatological

treatment, in both CTQ subgroups (low CTQ: βHADS = −0.62,
p < 0.001, high CTQ: βHADS = −0.46, p < 0.001). There was no

impact of initial HADS on the change of psoriasis severity in both

subgroups (see Figure 1a,b). The model showed satisfactory model

fit indices (χ2 = 1.68, df = 3, p = 0.64; CFI = 1.000, TLI = 1.15,

NNFI = 1.14, RMSEA = 0.00 [0.00, 0.11], SRMR = 0.03,

AIC = 2605.51, BIC = 2665.99).

3.1.2 | Interaction between anxiety/depression and
health‐related quality of life

Higher DLQI initial values at T1 were associated with a higher change

in the DLQI at T2 (higher ΔT2‐T1) (βBSA = −0.62, p < 0.001). This

could be also observed in the psychological outcome parameter

HADS (βHADS = −0.61, p < 0.001). The initial health‐related quality

of life had no significant impact on the course of the psychological

outcome parameter (γHADS = 0.12, p = 0.42). Vice versa, anxiety/

depression (HADS) at T1 (baseline) had no impact on the course of

the health‐related quality of life (γDLQI = −0.22, p = 0.59) (see

Figure 2). The model showed good model fit parameters (χ2 = 10.71,

df = 6, p = 0.10; CFI = 0.97, TLI = 0.94, NNFI = 0.94, RMSEA = 0.10

[0.00, 0.19], SRMR = 0.04, AIC = 2608, BIC = 2659).

3.1.3 | Interaction between anxiety/depression and
perceived psychosocial stress

Higher initial PSS values at T1 were associated with a higher change

(decrease) in the PSS at T2 (βPSS = −0.51, p 〈 0.001). This could be

also observed in the psychological outcome parameter HADS

(βHADS = −0.71, p < 0.001) (see Figure 3). The initial perceived

stress level did not go along with a change of anxiety/depression

(γHADS = 0.26, p = 0.23). Similarly, anxiety/depression at T1 had no

impact on the change of perceived stress under the dermatological

treatment (γPSS = 0.14, p = 0.51). A change in the perceived stress

level over the dermatological treatment period was accompanied by

a significant change in anxiety/depression (r = 0.80, p < 0.001). The

model showed a good overall fit to the data (χ2 = 8.81, df = 6,

p = 0.18; CFI = 0.99, TLI = 0.98, NNFI = 0.98, RMSEA = 0.08 [0.00,

0.17], SRMR = 0.04, AIC = 2630, BIC = 2681).
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TAB L E 1 Characteristics of the sample of patients with psoriasis (PSO) and dropped out patients (not followed‐up at T2).

PSO (included) Drop outs

t/H/U/χ2 (p)n = 83 n = 53

Sociodemographic variables

Men, n (%) 52 (62.7) 31 (58.5) χ2 = 0.235 (0.628)

Women, n (%) 31 (37.3) 22 (41.5)

Age, years, median (IQR) 53.7 (37.8–62.5) 51.4 (35.3–61.2) U = 2073.000 (0.572)

Family status, n (%)a

Single 15 (18.1) 14 (28.0) χ2 = 2.418

Married 36 (43.4) 22 (44.0) (0.298)

Cohabited 32 (38.6) 14 (28.0)

Education, n (%)b

<10 years 13 (15.7) 7 (16.3) χ2 = 2.823 (0.244)

=10 years 52 (62.7) 21 (48.8)

>10 years 18 (21.7) 15 (34.9)

Medical variables

BSA (T1)c/BSA (T2)c, median (IQR) 18.0 (9.0–40.0)/5.0 (2.0–10.0) 21.0 (11.0–47.5) U = 1798.000 (0.431)

PASI (T1)d/PASI (T2)d, median (IQR) 13.8 (10.4–20.1)/3.3 (1.4–7.1) 13.9 (8.4–21.1) U = 1759.500 (0.797)

SAPASI (T1)e/SAPASI (T2)e, median (IQR) 15.6 (7.4–24.2)/2.4 (0.8–6.6) 15.2 (10.2–30.7) U = 1537.000 (0.573) (T1)

Number of body areas affected, median (IQR)f 9.0 (6.0–11.0) 9.0 (5.0–12.0) U = 1962.000 (0.712)

Body areas affected, n (%)g

Head 46 (55.4) 29 (56.9) χ2 = 0.002 (0.968)

Hands 49 (59.0) 29 (55.8) 0.140 (0.708)

Arms 62 (74.7) 42 (82.4) 0.666 (0.414)

Legs 69 (83.1) 43 (84.3) 0.004 (0.947)

Genital region 31 (37.3) 28 (54.9) 3.323 (0.068)

Duration of psoriasis (years), median (IQR)h 18.0 (6.7–27.2) 16.1 (3.6–25.2) U = 1962.000 (0.376)

Onset of psoriasis (age), mean (SD)h 30.6 (15.0) 32.0 (15.1) T = 0.544 (0.587)

Regular sport, yes, n (%)i 22 (26.5) 15 (30.0) χ2 = 0.338 (0.561)

Smokers, n (%)j 22 (26.5) 21 (42.0) χ2 = 4.478 (0.034)

Number of cigarettes/day (mean, SD)k 12.3 (5.7) 11.5 (4.9) T = −0.486 (0.630)

Regular alcohol, yes, n (%)l 39 (47.0) 26 (52.0) χ2 = 0.455 (0.500)

Body Mass Index, BMI (kg/m2), mean (SD)m 28.1 (5.8) 29.0 (6.6) T = 0.877 (0.382)

Psychopathological variables

HADS total, (T1)/HADS total (T2), median (IQR)n 10.0 (5.0–15.0)/10.0 (5.0–14.0) 14.0 (9.8–16.0) U = 1504.500 (0.008)

HADS anxiety (T1)/HADS anxiety (T2), median (IQR)n 5.0 (2.0–8.0)/6.0 (3.0–8.0) 6.0 (4.8–9.0) U = 1514.000 (0.009)

HADS depression (T1)/HADS depression (T2), median (IQR)n 5.0 (2.0–8.0)/4.0 (1.0–7.0) 6.5 (4.0–9.0) U = 1661.000 (0.054)

PSS (T1)n/PSS (T2), median (IQR)o 30.0 (25.0–34.0)/27.0 (21.3–32.0) 33.0 (26.5–38.0) U = 1169.500 (0.075)
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T A B L E 1 (Continued)

PSO (included) Drop outs

t/H/U/χ2 (p)n = 83 n = 53

CTQ total, median (IQR)p 15.5 (12.0, 23.8) 18.0 (13.0–26.0) U = 1445.000 (0.179)

DLQI (T1)/DLQI (T2), median (IQR)q 7.0 (3.0–13.0)/2.0 (0.0–5.0) 13.0 (7.0–16.3) U = 1440.000 (0.003)

Note: Categorical data are given as n and percentage of total numbers, continuous data as median and interquartile range (IQR) (in case of ordinal or

non‐normally distributed data) or mean and standard deviation (SD) (in case of normally distributed data). For HADS total and subscales: significance at
Bonferroni‐corrected level p ≤ 0.02; otherwise significance at p ≤ 0.05.

Abbreviations: DLQI, Dermatology Life Quality Index; HADS, Hospital Anxiety Depression Scale; IQR, Interquartile Range; PSS, Perceived Stress Scale;

SD, Standard Deviation.

Number of missing values
aDrop Outs: n = 3
bDrop Outs: n = 10
cT1:Drop Outs: n = 4, included: n = 3; T2: Drop Outs: n = 51
dT1: Drop Outs/included: n = 6, T2: Drop Outs: n = 51, included: n = 55
eT1: Drop Outs: n = 12, included: n = 3, T2: Drop Outs: n = 52, Included: n = 11
fDrop Outs: n = 2, included: n = 3
gDrop Outs: n ≤ 3, included: n = 1
hDrop Outs: n = 1
iDrop Outs: n = 5
jDrop Outs = 6
kDrop Outs/included: n = 1
lDrop Outs: n = 4
mDrop Outs: n = 6
nT1: Drop Outs: n = 3; T2: Drop Outs: n = 44
oT1: Drop Outs: n = 8, included: n = 18, T2: Drop Outs: n = 44, included: n = 3
pDrop Outs: n = 6; included: n = 11
qT1: Drop Outs: n = 3, T2: Drop Outs: n = 44

F I GUR E 1 ((a) and (b)) Latent Change Score Model, taking into consideration baseline values for BSA (Body Surface Area) and anxiety/
depression (HADS) in two subgroups of patients with CTQ values at CTQ median and above (subgroup 1, Figure 1a) and CTQ values below
CTQ median (subgroup 2, Figure 2b). BSA, Body Surface Area, CTQ, Childhood Trauma Questionnaire, HADS, Hospital Anxiety and Depression
Scale, *p ≤ 0.05, ***p ≤ 0.001; Model fit indices: χ2 = 1.68, df = 3, p = 0.64, CFI (Comparative Fit Index) = 1.000, TLI (Tucker‐Lewis‐
index) = 1.15, NNFI (Non‐Normed Fit Index) = 1.14, RMSEA (Root Mean Square Error of Approximation) = 0.00 (0.00, 0.11), SRMR
(Standardised Root Mean Square Residual) = 0.03, AIC (Akaike Information Criterion) = 2605.51, BIC (Bayesian Information
Criterion) = 2665.99.
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3.1.4 | Mediator analysis

In order to test whether changes in the perceived stress mediate the

relationship between the course of health‐related quality of life and

anxiety/depression during the dermatological treatment, mediation

analyses were used (Hayes, 2018). A higher ΔDLQI was associated
with higher ΔHADS (β = 0.39, t [1,61] = 2.82; p = 0.007, 95% 0.11,

0.66) and ΔPSS (β = 0.33, t [1,61] = 2.80; p = 0.007, 95% CI 0.09,

0.56). ΔPSS was significantly related to ΔHADS (β = 0.58, t

[2,60] = 6.03; p < 0.001, 95% CI 0.38, 0.77). After controlling for

ΔPSS, the relationship between ΔDLQI and ΔHADS was reduced to

(β = 0.20, t [2,60] = 1.87, p = 0.07, 95% CI −0.01, 0.41), indicating full
mediation. The mediation effect was statistically significant according

to the Sobel test: Z = 2.48; p = 0.01 and Aroian test: Z = 2.46,

p = 0.01, indicating that the effect of the health‐related quality of life
was accounted for by the perceived psychosocial stress. 43.5% of the

variance in anxiety/depression could be explained (F [2, 60] = 19.76,

p < 0.001) (see Figure 4).

When the reversed model was tested (impact of ΔHADS on

ΔDLQI, controlling for ΔPSS), the Sobel test/Aroian test (Z = 0.92/

Z = 0.91, p = 0.36/p = 0.36) did not reach statistical significance and

only 16.4% of the model was explained (F [2, 60] = 5.64, p = 0.006).

No mediation effects for the other models (impact of ΔBSA on

ΔHADS/ΔDLQI) were tested, since ΔBSA and ΔPSS were not signif-

icantly associated.

4 | DISCUSSION

In order to better understand the interaction of psoriasis severity,

the health‐related quality of life with anxiety and depression, we

examined these outcome parameters before and after the switch to a

new treatment episode in patients with psoriasis (PSO). Of utmost

interest was to determine to what extent psychosocial stress is a

mediator between these interactions. Up until now, it remains un-

clear whether mental distress such as clinically relevant anxiety/

depression increases the risk for psoriasis as major agent or, vice

versa, psoriasis increases the risk for anxiety/depression. In order to

unravel this research question, a longitudinal study design and

appropriate statistical methods taking into consideration the initial

values at T1 regarding its impact on the change scores, for example,

using latent change score models, were applied.

The results allude, that initial anxiety/depression may presumably

have an impact on the improvement of psoriasis severity in the total

group. In the present study we found a negative impact of the initial

anxiety and depression at T1 on the course of the psoriasis severity

during the dermatological treatment. This findingmay be attributed to

the fact that patients with higher anxiety and depression showed less

severe psoriatic skin lesions and thus, had less chance for improve-

ment of the skin disease. This present finding has to be treated

cautiously, because model fit parameters turned out to be insufficient.

One may assume that patients with higher anxiety/depression,

F I GUR E 2 Latent Change Score Model,
taking into consideration baseline values for

health‐related quality of life (DLQI) and
anxiety/depression (HADS). DLQI, health‐
related quality of life, HADS, Hospital Anxiety

and Depression Scale, *p ≤ 0.05, ***p ≤ 0.001;
Model fit indices: χ2 = 10.71, df = 6, p = 0.10,
CFI (Comparative Fit Index) = 0.97, TLI
(Tucker‐Lewis‐index) = 0.94, NNFI = 0.94,

RMSEA (Root Mean Square Error of
Approximation) = 0.10 (0.00, 0.19), SRMR
(Standardised Root Mean Square

Residual) = 0.04, AIC (Akaike Information
Criterion) = 2608, BIC (Bayesian Information
Criterion) = 2659.
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even with a less severe psoriasis, are more worried and seek medical

help more often than patients with lower anxiety and depression. This

is in line with the evidence, that patients with more severe psoriasis

were less likely to be depressed, and vice versa (Pollo et al., 2021;

Schmitt & Ford, 2007). Accordingly, the latter finding underlines, that

not the severity of psoriasis determines the extent of anxiety and

depression, but the perceived disability and distress in everyday life

(Schmitt & Ford, 2007). Also in line are findings showing no consistent

correlation between increased psoriasis severity and decreased

health‐related quality of life (Heydendael et al., 2004; Homayoon

et al., 2020; Vardy et al., 2002). These findings emphasise that even a

mild psoriasis can be accompanied by a significant subjective distress

and that considering the health‐related quality of life as a primary

outcome parameter would be more beneficial for determining the

psoriasis severity than the mere use of the body surface affected

(Bhosle et al., 2006). Finally, one may conclude that the assessment of

psoriasis severity should include both clinical and psychological mea-

sures (Joseph et al., 2021). Following, the combined use of DLQI and

BSA or PASI would be more beneficial for determining psoriasis

severity than the use of BSA or PASI, alone. This way, the impact of

psoriasis on the perceived stigmatisation by others and thus, on psy-

chological measures like anxiety and depression may be better eval-

uated and understood.

On the other side, investigating subgroups of patients with low/

high childhood trauma experiences, showed a tendency towards a

negative association between psoriasis severity before the beginning

of a new dermatological treatment episode and improvement of

anxiety and depression under the new dermatological treatment. This

finding alludes a mechanistic and functional link between patho-

physiological processes, presumably certain inflammatory cytokine

and neurotransmitter concentrations. At least in the patients with

higher initial psoriasis severity, the modulation of pro‐inflammatory
cytokines via systemic therapies (e.g. IL‐17A‐, TNF‐α blockers) may

also lead to an improvement of psychological symptoms. In line, a

former study has proven correlations between TNF‐α and the 5‐HTT

F I GUR E 3 Latent Change Score Model,
taking into consideration baseline values for

perceived psychosocial stress (PSS) and
anxiety/depression (HADS). BSA, Body Surface
Area, HADS, Hospital Anxiety and Depression

Scale, PSS, Perceived Social Stress, *p ≤ 0.05;
Model fit indices: χ2 = 8.81, df = 6, p = 0.18,
CFI (Comparative Fit Index) = 0.99, TLI
(Tucker‐Lewis‐index) = 0.98, NNFI (Non‐
Normed Fit Index) = 0.98, RMSEA (Root Mean
Square Error of Approximation) = 0.08 (0.00,
0.17), SRMR (Standardised Root Mean Square

Residual) = 0.04, AIC (Akaike Information
Criterion) = 2630, BIC (Bayesian Information
Criterion) = 2681.

F I GUR E 4 Impact of perceived stress (ΔPSS) as a mediator
between the change of health‐related quality of life (ΔDLQI) and
change of anxiety/depression (ΔHADS) (N = 63). Direct effect
(c0 path) in brackets.
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serotonin transporter availability in neurologically healthy women

and patients with psoriasis and psoriasis arthritis (Krishnadas

et al., 2016). Thus, one may cautiously conclude that, at least in the

present sample of patients with moderate to severe psoriasis, pro‐
inflammatory processes underlying the psoriasis may also lead to

psychological symptoms like anxiety and depression. Studies in mice

could also confirm the association between IL‐17A and depression‐
like behaviour via NFκB signalling and its modulation by anti‐IL17A
antibodies (Nadeem et al., 2017).

Furthermore, we found that the extent of psychosocial stress

perception did not correlate with psoriasis severity, but rather with

decreased health‐related quality of life and increased anxiety and

depression (O'Leary et al., 2004). The lacking finding of the well‐
known association between stress and the clinical severity of psori-

asis may be attributed to differences in the assessment of stress

(stressful events vs. perceived psychosocial stress, prospective vs.

retrospective assessment), the time period considered (6 months vs.

one month), whether the onset of psoriasis or the onset of psoriatic

flares/exacerbation of psoriasis were taken into account, among

others (for a systematic review: Rousset & Halioua, 2018). However,

our present finding allude that the positive relationship between the

health‐related quality of life (ΔDLQI) and anxiety/depression

(ΔHADS) is mediated by a reduction of perceived psychosocial stress.
Following, one may conclude, that the evolvement of depression may

be prevented when adequate stress management techniques are

applied (Fortune, Kirby, Griffiths, et al., 2002; Richards et al., 2001).

Future studies should take into account certain moderating and

mediating variables for further exploring the impact of the health‐
related quality of life on the evolvement of anxiety and depression,

among them for example, emotional reactivity, emotion‐focused
coping and stress susceptibility (Ak et al., 2012; Kilic et al., 2008;

Remrod et al., 2015).

4.1 | Strengths and limitations

The present results should be interpreted in the context of meth-

odological strengths and shortcomings of the present study. We

consecutively assessed a cohort of patients with psoriasis, using a

longitudinal design and applying a profound statistical analysis

strategy, which takes initial values into account.

However, the sample size for using BLCSM was quite small,

which may have caused the insufficient model fit parameters in some

models. A small sample size limits the number of parameters that can

be considered in a model. While, in principal, even small sample sizes

can result in acceptable model fits (Curran et al., 2010), a more

complex model with many parameters for few observations can

easily result in non‐convergence of the model (Kievit et al., 2018).

However, if important relationships are not taken into account, the

model fit and validity of the model are impeded. Thus, a larger sample

size enables more power to investigate more complex relationships.

For instance, the poor model fit indices based on modelling the

interaction between psoriasis severity and anxiety/depression in the

whole sample allude, that the results are presumably not valid, given

the small number of parameters considered. However, as can be

seen, when potentially relevant parameters (such as the perceived

childhood trauma) were added to the original model, the model fit

indices could be improved, despite lowering of cases. Thus, the re-

sults should be treated with caution and replicated in another study

with a thorough sample size calculation.

Another limitation concerns the enrolment of patients with

different types of psoriasis, resulting in a quite inhomogeneous group

of psoriatic patients. Besides patients with psoriasis vulgaris as main

group, also ten patients with psoriasis pustulosa palmoplantaris/

plantaris, two patients with psoriasis guttata and one patient with

psoriasis pustulosa generalista were included. In the present study,

subgroup analyses were not realised because of the different and

small sample sizes. In the literature, patients with psoriasis palmo-

plantaris showed a greater impairment of the health‐related quality

of life compared with moderate to severe plaque psoriasis (Chung

et al., 2014). Additionally, different inflammatory circuits are sup-

posed to be involved in certain psoriasis subtypes, for example, in

particular neutrophil‐associated activity in psoriasis pustulosa pal-

moplantaris (Wang et al., 2023). Following, future studies should

investigate different psoriasis subtypes more in detail. In particular,

for psoriasis pustulosa palmoplantaris the Palmoplantar Pustulosis

Psoriasis Area Severity Index, differing risk profiles (e.g. smoking) and

the impact on pruritus should be considered, among others (Benzian‐
Olsson et al., 2020; Jaworecka et al., 2021; Sarikaya Solak

et al., 2022).

Additionally, with respect to major shortcomings of the present

study, psoriasis severity and psychological distress (e.g. anxiety/

depression, quality of life, childhood trauma) were parameters self‐
reported by the patients, which may have led to socially desired

answering or response bias, with tendencies towards aggravation or

trivialisation. Following, future studies should rather use the objec-

tive PASI instead of BSA or SAPASI, in order to assess the psoriasis

severity. In the present study, the BSA was applied because of largely

complete data, whereas PASI scores were missing in six cases at the

initial assessment (T1) and in 55 cases at T2. Also, SAPASI scores

were missing in eleven cases at T2.

Moreover, a causative inference regarding the impact of stress

reduction on the improvement of anxiety and depression or health‐
related quality of life cannot be made, since the outcome parame-

ters were assessed concurrently.

4.2 | Conclusions and clinical implications

To summarise, our findings allude that higher anxiety and depression

go along with a lower therapy outcome in patients with psoriasis. It

can be assumed that more anxious and depressed patients, even in

case of a low psoriasis severity, are distressed and bothered, and

seek dermatological treatment. Vice versa, subgroup analyses give

hints, that patients with a higher psoriasis severity show higher

improvement of anxiety/depression than patients with lower
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psoriasis severity. Following, an impact of dermatological treatment

(systemic therapy in particular) on both, pro‐inflammatory cytokines
and neurotransmitters, also involved in the aetiopathogenesis of

anxiety and depression, may be assumed. Finally, the impact of the

psoriasis in everyday life on anxiety and depression seems to be

mediated by the perceived psychosocial stress. Therefore, patients in

need who show high everyday distress caused by their skin disease

should be offered appropriate adjuvant stress coping programs.
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