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Abstract

Genital psoriasis affects 2—5% of psoriasis patients; generalised plaque or intertriginous
psoriasis also affects the genital area in 29—40% of cases. Anogenital psoriasis has been
associated with significant quality of life impairments, but little is known about specific
patient needs/treatment goals. This study aimed to examine the overall and sex-related
disease burden, patient needs and treatment benefits in patients with anogenital psoria-
sis, compared to patients with psoriasis not affecting the anal/genital areas. Within the
cross-sectional nationwide survey, 2,009 participants were consecutively recruited in 157
randomly assigned German dermatology practices and clinics, according to the following
inclusion criteria aged 18 years or over; diagnosis of psoriasis vulgaris; ability to answer
the questionnaires; and written informed consent. Based on a high-resolution grid on the
topical distribution of psoriasis, two groups were formed: anogenital psoriasis (n = 622)
and comparison group (n = 1,303). Clinical severity was assessed by the Psoriasis Area
and Severity Index (PASI). Patients completed the EuroQoL visual analogue scale (EQ
VAS), the Dermatology Life Quality Index (DLQI), and the Patient Benefit Index (PBI).
Patients with anogenital psoriasis had higher PASI (13.0£10.6 vs. 8.9+7.6, P < 0.001) and
more DLQI impairments (8.9+6.9 vs. 7.0+6.2, P = 0.002) than controls. At the item-level,
they also reported more sex-related DLQI impairments (DLQI-i9: 0.5£0.8 vs. 0.31£0.7, P <
0.001) and treatment needs (PBI-i17: 2.2+1.8 vs. 1.9+1.8, P =0.001). A great percentage
of missing/not-relevant responses was found for sex-related items (23.3—41.9%). These
results suggest that the assessment of sex-related impairments and treatment needs
should be prioritised in patients with anogenital psoriasis. Questionnaires may be used
as a less uncomfortable way for patients to discuss their genital lesions and sexual func-
tion during healthcare visits. However, the great percentage of missing/not-relevant
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responses to sex-related items calls for in-depth assessments and effective patient-phy-
sician communication regarding these sensitive topics.

Introduction

The worldwide prevalence of psoriasis in adults ranges from 0.9% in the United States to 8.5%
in Norway [1] and, in Germany, it affects about 2.5% of the population [2,3]. Psoriasis appears
in a large variety of phenotypes which mostly result in high disease burden [4]. The prevalence
of isolated genital psoriasis has been estimated between 2-5% of all patients with psoriasis.
However, generalised plaque-type or intertriginous psoriasis also affects the genital area in 29-
40% of psoriasis cases [5]. A recent systematic review showed significant impairments in over-
all and in sexual quality of life (QoL), as well as increased feelings of stigmatisation and higher
rates of depression among patients with genital psoriasis [6]. Qualitative studies have also
described sexual dysfunction, decreased frequency of sexual activity, avoidance of sexual rela-
tionships and worsening of symptoms after sexual activity [7,8]. The impaired sexual experi-
ence was justified by both physical effects (e.g., cracking or pain) and psychosocial effects (e.g.,
embarrassment and feelings of stigmatisation). Other factors that have been associated with
QoL and sexual health impairments are gender, with women presenting more QoL impair-
ments than men [6,9], and younger age [9]. Early onset of psoriasis has been also associated
with higher levels of internalised stigma, which is, in turn, a predictor of decreased QoL [10].

According to the WHO Global Report on Psoriasis, one of the fundamental topics in the
care of psoriasis is patient needs [11]. The wide-range variety of patient-defined therapeutic
needs arise mostly from the multitude of stress and burden related to skin diseases and often
diverge from the dermatologists’ treatment priorities [12]. Specifically, while the primary treat-
ment goal for most physicians might be the objective improvement of the skin, patients report
itching, scales and flaking as the most burdensome symptoms [13]. The examination of patient
needs in the German and Swiss psoriasis registries (1 = 5,343) showed that the most frequently
reported needs are related to reducing physical impairments (e.g., “be healed of all skin
defects”) and having confidence in therapy/healing (e.g., “have confidence in the therapy”). Of
lesser importance were social goals including “to be able to have a normal sex life” or “to be
able to have more contact with other people”. Significant differences in patient needs were
found concerning age-group and gender [14].

However, little is known about the specific patient needs in psoriasis with anogenital
involvement. On the one hand, healthcare providers do not routinely ask or examine patients
for genital involvement. On the other hand, patients often feel embarrassment and discomfort
about discussing these sensitive topics, which often prevents them from inquiring or from
fully answer about their genital lesions or sexual (dys)function during their healthcare visits
[8,15]. Specifically, about 75% of patients believe that their physician did not pay sufficient
attention to their genital lesions and about 50% of patients do not discuss genital involvement
with their physician [16]. As a consequence, anogenital psoriasis remains undertreated in a
large portion of patients or the treatments for generalised psoriasis are contraindicated for the
anogenital areas (e.g. UV therapy) [5] or they often disregard specific patient needs.

In this context, this study aimed to examine the overall and sex-related disease burden, as
well as patient needs and treatment benefits in patients with anogenital psoriasis, compared to
patients with psoriasis not affecting the anogenital areas. Specific objectives were: (1) to char-
acterise general health, skin-generic QoL and treatment benefits in different groups of patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0235091

July 1, 2020 2/13


https://doi.org/10.1371/journal.pone.0235091

PLOS ONE

Sex-related impairment and patient needs and benefits in anogenital psoriasis

with regard to gender and anogenital involvement; (2) to examine the distribution of
responses, including missing responses (MR) and not relevant responses (NRR), to sex-related
items and to compare response patterns across gender and anogenital involvement groups;
and (3) to estimate the associations between MR/NRR to sensitive topics and overall patient-
reported outcomes (PRO) in routine care for psoriasis.

Materials and methods
Study design

This study is part of a cross-sectional nationwide survey in a randomly selected group of der-
matology practices and clinics in Germany [17]. Out of all 3,217 office-based dermatologists in
Germany with membership in the Professional Association of German Dermatologists and
119 dermatology outpatient clinics based in hospitals, 303 dermatology centres were randomly
selected and asked for participation. As most patients in Germany with psoriasis are treated by
dermatologists, this patient cohort represents the majority of routine healthcare for psoriasis.
Of these, 157 centres agreed to participate and 126 actively recruited patients between January
and August 2007.

Participants

Patients were consecutively recruited in each centre until reaching up to 20 patients. Inclusion
criteria were: (1) aged 18 years or over; (2) clinical diagnosis of psoriasis vulgaris; (3) ability to
answer the questionnaires in the German language; and (4) had provided written informed
consent. Patients with exclusive diagnosis of pustular or intertriginous psoriasis were excluded.
Before sample collection, the study was approved by the Ethics Committee of the Hamburg
Chamber of Physicians (Processing number 2767, of April 5, 2007). All procedures were in
accordance with the 1964 Declaration of Helsinki and its later amendments.

Outcome measures

Standardised questionnaires were completed by the physician and by the patient. The physi-
cian questionnaire included the assessment of the clinical characteristics of psoriasis, comor-
bidities, and current/previous treatments. Psoriasis severity was assessed by the Psoriasis Area
and Severity Index (PASI) [18] and the Body Surface Area (BSA) [19]. The patient question-
naire included the German versions of the EuroQoL visual analogue scale (EQ VAS) [20], Der-
matology Life Quality Index (DLQI) [21] and Patient Benefit Index (PBI) [12]:

« The EQ VAS is a generic measure of health status and consists of a visual analogue scale
ranging from 0 (“worst health”) to 100 (“best health”), using “today” as time reference.

o The DLQI is a skin-generic QoL questionnaire that includes 10 items to be answered in a
4-point Likert response scale ranging from 0 (“not at all”) to 3 (“very much”). Eight out of 10
items also include a NRR option, which is also scored as 0. A total sum score ranging from 0
to 30 was computed, with higher scores indicating more severe impairment. DLQI > 10 was
considered as large/extremely large impairments on patients’ life [22].

o The PBI was validated for numerous skin diseases, including psoriasis [23] and it includes
the Patient Needs Questionnaire (PNQ) and the Patient Benefits Questionnaire (PBQ),
assessing, respectively, the importance of individual therapy needs and the patient-perceived
benefits from treatment. Each questionnaire includes 25 items to be rated within a 5-point
Likert scale ranging from 0 (“not at all”) to 4 (“very”). The option “does/did not apply to me”
is also available and scored as zero for the PNQ and treated as missing for the PBQ. The PBI
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was computed from the arithmetic mean of all rated PBQ items weighted by the relative
importance of each corresponding PNQ items, ranging from 0 (no benefit) to 4 (maximum
benefit); PBI > 1 was considered as having at least minimum patient-relevant treatment
benefit.

In addition, the topical distribution of psoriasis was assessed by the patients, who were
instructed to mark all areas/grids which they considered affected by psoriasis using a high-res-
olution grid scheme with 1,424 small squares [9]. For analysis, two groups were considered:
anogenital psoriasis, when at least one square in the genital area (front view) or anal area (back
view) was marked; comparison group, when no squares in the anogenital area were marked.

Statistical analysis

The statistical analyses were conducted with the Statistical Package for the Social Sciences
(SPSS v.23.0; IBM Corp., Armonk, NY). The level of significance was set at P < 0.05. Descrip-
tive statistics (absolute/relative frequencies for categorical variables; mean and standard devia-
tions [M+SD] for continuous variables) were obtained for sociodemographic and clinical
variables. The homogeneity of sample characteristics between patients with anogenital psoria-
sis and controls was examined by independent-samples t-tests (continuous variables) or
tests (categorical variables). The sociodemographic and clinical variables that significantly dif-
fered across groups were controlled in the subsequent analyses.

Differences in EQ VAS, DLQI and PBI across topology groups and gender were examined
with two-way univariate analyses of covariance (ANCOVA) entering age, disease duration,
PASI, BSA, and treatment as covariates. Effect-sizes were presented for the comparison analy-
ses, considering r]2P >0.01, r)2p > 0.06, and I‘JZP > 0.14 as small, medium, and large effects,
respectively [24]. Item-level analyses were performed for sex-related QoL (DLQI-i9), patient
needs (PNQ-i17) and treatment benefits (PBQ-i17). Topology and gender differences in item
mean scores were tested with Mann-Whitney-U-Tests and the %MR and %NRR were com-
pared with ” tests.

Hierarchical regression analyses were performed to examine the main and interaction
effects of topology and having MR/NRR to sex-related items on general health (EQ VAS),
skin-generic QoL (DLQI) and treatment benefits (PBI) [25]. After the inclusion of sociodemo-
graphic and clinical covariates in the first step of the regression equation, the independent var-
iable, the moderator, and the interaction terms were entered as predictors in subsequent steps
[26]. The strength and significance of each regression line was analysed with post-hoc simple
slope computations using the Modgraph computational tool [27].

Results
Patient sample

A total of 2,009 patients with psoriasis were recruited (43.7% female; mean age of 51.52+14.57
years; mean age at diagnosis of 30.15+16.80 years; mean disease duration of 20.62+15.15 years;
data is fully available as S1 File). Regarding clinical features, 1,739 (86.6%) patients had plaque-
type psoriasis, 469 (23.3%) guttate lesions, 93 (4.6%) intertriginous psoriasis, and 31 (1.5%)
pustular psoriasis. The mean PASI was 10.13+8.81, with 784 patients (39.0%) presenting mod-
erate to severe psoriasis (PASI > 10). The mean BSA was 18.07+15.84%, corresponding to 132
(6.6%) patients with mild (BSA < 3%), 588 (29.3%) with moderate (BSA between 3% and
9.9%) and 1,204 (59.9%) with severe psoriasis (BSA > 10%) [20].

The study group included 622 patients with anogenital psoriasis. Regarding anogenital
involvement, 317 patients (15.8%) were affected or partially affected in the genital area, 484
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Table 1. Characteristics of patients with anogenital psoriasis (n = 622) and controls (n = 1,303).

Age (years)

Age at diagnosis (years)
Disease duration (years)
PASI

BSA (%)

Gender

Male

Female

Current therapy
Biological therapy

Conventional systemic therapy

Topical therapy
UV therapy

Anogenital psoriasis Control group Differences Missing
M+SD M=+SD t P n (%)
52.97+14.34 50.56+14.67 -3.39 0.001 4(0.2%)
30.63+15.99 30.10+17.13 -0.62 0.533 153 (7.6%)
21.82+15.03 19.66+14.96 -2.88 0.004 119 (5.9%)
12.99+10.55 8.89+7.56 -9.69 < 0.001 19 (0.9%)
22.97+18.26 15.73£13.79 -9.46 < 0.001 85 (4.2%)
n (%) n (%) xz P n (%)

4.71 0.033 34 (1.7%)
366 (58.8%) 699 (53.6%)
245 (39.4%) 581 (44.6%)
84 (13.5%) 137 (10.5%) 14.12 0.046 43 (2.1%)
330 (53.1%) 539 (41.4%) 26.26 < 0.001 43 (2.1%)
598 (96.1%) 1,271 (97.5%) 0.09 0.778 43 (2.1%)
472 (75.9%) 899 (69.0%) 13.39 < 0.001 43 (2.1%)

M, mean; SD, standard deviation; t, independent samples t-test; n, number of patients; PASI, Psoriasis Area and Severity Index; BSA, Body Surface Area; x° chi-square

test.

https://doi.org/10.1371/journal.pone.0235091.t001

(24.1%) in the anal area and 179 (8.9%) presented lesions in both the genital and the anal
areas. The group of patients with psoriasis involving other body areas than the anogenital
(n =1,303; 64.9%) formed the control group. The distribution of sample characteristics by

topology group is displayed in Table 1.

Patients with anogenital psoriasis were significantly older, had the disease for a longer time
and presented higher PASI and BSA. Moreover, the study group of patients with anogenital
psoriasis included more men. Regarding treatment, more patients in the study group were

treated with biological, conventional systemic and/or UV therapies.

Overall disease burden and patient benefits

Overall, the mean EQ VAS was 64.47+22.13 and the mean DLQI was 7.48+6.43. Severe QoL
impairments (DLQI > 10) were presented in 630 patients (31.4%). The mean PBI was 2.49
+1.14, with 1,708 patients (85.0%) presenting at least minimum patient-relevant treatment
benefit. Descriptive statistics by anogenital involvement and gender, as well as comparative

analyses are presented in Table 2.

After controlling for age, disease duration, PASI, BSA, and type of therapy, the ANCOVAs
yielded significant main effects of gender in both general health (EQ VAS) and skin-generic

QoL (DLQI), with women presenting worse general health and more QoL impairments com-
pared to men. Moreover, a significant main effect of anogenital involvement was found in the
DLQI, with patients with anogenital psoriasis presenting more impairments than patients with
psoriasis affecting other body areas. No significant differences according to anogenital involve-
ment or gender were found for PBL

Sex-related disease burden, patient needs and treatment benefits

Fig 1 presents an overview of response distribution for sex-related items from the DLQI-i9
and PNQ/PBQ-i17. Regarding disease burden, the mean score for the DLQI-i9 was 0.38+0.73.
However, 36 patients (1.8%) did not answer this item and 469 patients (23.3%) said it was not
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Table 2. Univariate analyses of covariance in EQ VAS, DLQI and PBI.

EQ VAS DLQI PBI
M=+SD M=+SD M+SD
Anogenital psoriasis Male 62.23+£22.62 8.82+6.76 2.33%1.14
Female 59.92+24.87 9.02+7.11 2.46+1.12
Control group Male 67.71+20.43 6.50+6.04 2.49+1.11
Female 63.52+21.41 7.57+6.29 2.51+1.14
F Pa F P % F P %
Main effect of anogenital involvement 1.60 0.207 0.001 9.27 0.002 0.006 2.03 0.154 0.001
Main effect of gender 13.85 < 0.001 0.009 10.22 0.001 0.006 0.21 0.646 0.000
Interaction effect anogenital 0.95 0.329 0.001 3.56 0.059 0.002 1.54 0.215 0.001
involvement * gender

EQ VAS, EuroQoL visual analogue scale (0 = worst health state to 100 = best health state); DLQI, Dermatology Life Quality Index (0 = minimum impairment to
30 = maximum impairment); PBI, Patient Benefit Index (0 = no benefit to 4 = maximal benefit); M, mean; SD, standard deviation; F, two-way ANCOVA; sz, partial

eta-square.

https://doi.org/10.1371/journal.pone.0235091.t002

PNQ-i17 DLQI-i9

w

PBQ-i17

relevant. The overall mean score for the PNQ-i17 was 1.97+1.82 and for the PBQ-i17 was 2.39
+1.37. Regarding MR, the PNQ-i17 and PBQ-i17 were not answered by 47 patients (2.3%) and
82 patients (4.1%), respectively. Moreover, to “be able to have a normal sex life” was assessed
as a not applicable need by 756 patients (37.6%) and as a not applicable treatment benefit by
841 patients (41.9%).

Item-level comparative analyses for sex-related QoL impairments (DLQI-i9) and patient
needs and benefits (PNQ/PBQ-i17) are presented in Table 3. For both sex-related QoL and
patient needs, significant differences were found depending on anogenital involvement and
gender, with patients with anogenital psoriasis and men reporting more QoL impairments and
more relevant treatment needs than patients with psoriasis not involving anogenital areas and
female patients. No significant differences were found for the PBQ-i17.

“Over the last week, how much has your skin caused any sexual
T 49.8 15.8 .8
difficulties?

“As a result of therapy, how important is it for you to be able to have a 3.5

i 3. 70 B
normal sex life

The current treatment has helpe]?fen:e to be able to have a normal sex 69 82 haa _.1

Not at all

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

A little/Somewhat Moderately ~®A lot/Quite  ®Very much/Very m Not relevant/Not applicable Missing

Fig 1. Response distribution for sex-related items. DLQI-i9, Dermatology Life Quality Index item 9; PNQ-il17, Patient Needs Questionnaire item 17;
PBQIil7, Patient Benefit Questionnaire item 17.

https://doi.org/10.1371/journal.pone.0235091.9001
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Table 3. Item-level analyses for sex-related QoL and patient needs/benefits by anogenital involvement and gender.

DLQI-i9 PNQ-il7 PBQ-il7

“Over the last week, how much has your “As a result of therapy, how important is it | “The current treatment has helped me to be

skin caused any sexual difficulties?” for you to be able to have a normal sex able to have a normal sex life.”

life?”

Scores M+SD Z P M=SD Z P M+SD Z P
Anogenital psoriasis 0.51+0.83 -5.29 <0.001 2.15+1.80 -3.19 0.001 2.28+1.41 -1.83 0.068
Control group 0.32+0.68 1.86+1.82 2.45%1.34
Male 0.41+0.73 -3.22 0.001 2.12+1.79 -3.92 <0.001 2.41%1.35 -0.17 0.864
Female 0.34+0.74 1.78+1.85 2.38+1.41
Missing responses n (%) 1 P n (%) rv P n (%) x> P
Anogenital psoriasis 5(0.8%) 2.71 0.108 6 (1.0%) 522 0.024 18 (2.9%) 1.83 0.200
Control group 23 (1.8%) 33 (2.5%) 54 (4.1%)
Male 16 (1.4%) 2.06 0.176 25 (2.3%) 0.18 0.766 40 (3.6%) 1.92 0.174
Female 20 (2.3%) 22 (2.5%) 42 (4.9%)
NR/NA responses n (%) x2 p n (%) xz 14 n (%) Xz P
Anogenital psoriasis 152 (24.4%) 0.98 0.33 202 (32.5%) 11.79 0.001 223 (35.9%) 15.59 <0.001
Control group 292 (22.4%) 529 (40.6%) 591 (45.4%)
Male 197 (17.7%) 45.06 <0.001 362 (32.6%) 28.16 <0.001 413 (37.2%) 24.65 <0.001
Female 265 (30.6%) 383 (44.3%) 418 (48.3%)

DLQI-i9, Dermatology Life Quality Index item 9 (0 = not at all to 3 = very much); PNQ-i9, Patient Needs Questionnaire item 17 (0 = not at all to 4 = very); PBQ-il7,
Patient Benefit Questionnaire item 17 (0 = not at all to 4 = very); M, mean; SD, standard deviation; Z, Mann-Whitney standardised statistic; n, number of patients; 37,

chi-square test; NR, not relevant; NA, not applicable.

https://doi.org/10.1371/journal.pone.0235091.t003

Comparative analyses of responses patterns revealed no significant differences for the %MR
in the DLQI-i9, but a significantly higher %NRR was found for women compared to men.
Moreover, a higher percentage of MR to the PNQ-i17 was found in the control group compared
to patients with anogenital psoriasis. For both sex-related treatment needs and benefits, signifi-
cant differences on %NRR were found with regard to anogenital involvement and gender, with
patients with psoriasis not involving the anogenital area and females being more prone to rate
item 17 as “does/did not apply to me”, compared to patients with anogenital psoriasis and men.

Impact of missing and NRR to sex-related items on overall outcomes

The results from regression analyses are displayed in Table 4. Beyond the sociodemographic
and clinical covariates, which explained 10-15% of the variance in PRO, NRR to sex-related
items explained an additional 1% of the variance in general health (EQ VAS) and 6% of the
variance in skin-generic QoL (DLQI). Specifically, NRR to DLQI-i9 were associated with
decreased general health, NRR to PNQ-i17 were associated with increased general health, and
NRR to both PNQ-i17 and PBQ-i17 were associated with less QoL impairments. Conversely,
MR did not contribute to explain a significant portion of the variance in any of the outcomes,
even if MR to PBQ-i17 were associated with decreased general health.

The non-significant interaction effects showed that the impact of MR/NRR to sex-related
items on PRO was similar across patients with anogenital psoriasis and patients with psoriasis
affecting other body areas. The only exception was observed for the interaction effect between
NRR to DLQI-i9 and topology group: for the control group, NRR were associated with
decreased treatment benefits (simple slope: b£SE = -0.1940.08, t(16,7) = -2.32, P = 0.021), while
for patients with anogenital psoriasis, the positive association between NRR responses and PBI
was not statistically significant (simple slope: b£SE = 0.15£0.12, t(1627) = 1.23, P = 0.22).
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Table 4. Regression analyses of missing and “not relevant” (NR) / “not applicable” (NA) responses to sex-related items on general health (EQ VAS), skin-generic

(DLQI) and treatment benefits (PBI).

General health (EQ VAS) Skin-generic QoL (DLQI) Treatment benefits (PBI)

8 t 8 't 8 t
Step 1: Sociodemographic and clinical covariates AR*=0.10 AR*=0.15 AR?=0.10

AF5 1564 = 18.76"* AF5 1635 = 32.32°%* AF5 1621 = 18.98"*
Gender * -0.11 -4.35"*" 0.10 4.18"** 0.001 0.004
Age -0.07 -2.59%* -0.12 -4.83%** 0.13 5.19"**
Disease duration 0.001 0.03 -0.05 -2.01" 0.06 2.37*
PASI -0.37 -6.47°** 0.28 5.21"** -0.38 -6.85"""
BSA (%) 0.10 1.76 0.05 0.84 0.20 3.56"*
Treatment (biological therapy) -0.02 -0.88 0.02 0.92 0.08 3.19""
Treatment (conventional systemic therapy) 0.05 1.95 -0.04 -1.64 0.09 3.20""
Treatment (UV therapy) b -0.02 -0.64 0.05 2.28* 0.03 1.03
Anogenital involvement © -0.04 -1.47 0.08 347 -0.04 -1.69
Step 2: Missing responses AR? = 0.004 AR? = 0.002 AR? = 0.002

AFg 1561y = 2.15 AFg 1632 = 0.97 AFG 1618 = 1.17
DLQI-i9* -0.03 -1.18 0.02 0.75 0.03 1.13
PNQ-i17° 0.01 0.53 -0.004 -0.17 0.03 1.03
PBQ-i17" -0.05 -2.07* 0.03 1.37 0.01 0.33
Step 3: NR/NA responses AR’ =0.01 AR’ = 0.06 AR = 0.002

AF (3, 1558) = 6.26** AF(s, 1620y = 41.78"** ARG, 1615) = 1.25
DLQI-i9 b -0.06 -2.44" -0.04 -1.84 -0.03 -1.07
PNQ-i17 b 0.09 2.15* -0.17 -4.35%** 0.06 1.52
PBQ-il7" 0.02 0.58 -0.09 -2.19* -0.06 -1.47
Step 4: Interaction effects AR? = 0.004 AR? = 0.003 AR? = 0.004

AF g, 1550 = 1.12 AF 6, 1623) = 1.12 AF 6, 1600) = 1.28
Missing response to DLQI-i9 X anogenital involvement 0.02 0.64 0.02 0.57 -0.02 -0.77
Missing response to PNQ-i17 X anogenital involvement 0.02 0.96 -0.04 -1.56 -0.02 -0.70
Missing response to PBI-i17 X anogenital involvement -0.003 -0.11 0.03 0.99 0.01 0.46
NR response to DLQI-i9 X anogenital involvement 0.07 1.88 -0.05 -1.67 0.08 2.32*
NA response to PNQ-i17 X anogenital involvement 0.05 0.83 0.01 0.12 -0.07 -1.22
NA response to PNQ-i17 X anogenital involvement -0.10 -1.64 0.01 0.23 0.03 0.47
Model Summary R*=0.12 R*=0.22 R*=0.10

Fi, 1552) = 9.67"""

F1, 1623) = 21.33°**

1:(21, 1609) = 8.86"""

EQ VAS, EuroQoL visual analogue scale; DLQI, Dermatology Life Quality Index; PBI, Patient Benefit Index; £, Standardised regression coefficients; t, independent
samples t-test; AR?, R? change; AF, F change; PASI, Psoriasis Area and Severity Index; BSA, Body Surface Area; PNQ, Patient Needs Questionnaire; PBQ, Patient Benefit

Questionnaire; NR, not relevant; NA, not applicable.
* Gender: 0 = male, 1 = female;

b0=n0, 1 =yes;

“0=no, 1 =yes

*P<0.05,

P <0.01,

***% P < 0.001, two-tailed

https://doi.org/10.1371/journal.pone.0235091.t004

Discussion

The present study was conducted to gain insight into the overall and sex-related QoL impair-
ments, patient needs and treatment benefits in patients affected by anogenital psoriasis, com-

pared to a control group of patients with psoriasis not affecting the anal or genital body
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regions. There is a remarkable lack of literature on disease burden in the presence of psoriasis
lesions in the anal/genital skin, particularly studies relying on PRO [6]. This study has several
strengths and provides innovative analyses and results, with relevant contributions for further
research and clinical practice, namely: (1) the inclusion of both anal and genital psoriasis; (2)
the use of a high-resolution grid scheme on the topology of psoriasis; (3) the analysis of overall
and sex-related patient-defined needs and benefits from treatment in different groups in rela-
tion to gender and anogenital involvement; and (4) the examination of MR and NNR rates to
sex-related items in widely used questionnaires.

Although the prevalence of exclusive genital psoriasis is estimated at 2-5% of all patients
with psoriasis, 31% of patients in the current sample reported lesions in the anal and/or genital
areas. The prevalence of anogenital psoriasis reported in previous studies is probably underes-
timated, since a large portion of patients have reported they had not been examined previously
for genital involvement [28,29]. The substantial proportion of patients with anogenital psoria-
sis in the present study resembles those found in the few previous studies on the epidemiology
of psoriasis of the genital skin [5] and may be justified by the use of a patient-reported grid
scheme to document the topology of psoriasis, which enabled the patients to disclose the
involvement of anogenital areas regardless of whether they have previously discussed this sen-
sitive topic with their physicians.

Increased disease burden was found among patients with anogenital psoriasis, compared
to controls. Specifically, patients with anogenital psoriasis presented longer disease duration,
higher severity (PASI) and larger BSA affected, and were more frequently treated with biologi-
cal, conventional systemic and/or UV therapies. They also reported more QoL impairments in
general (DLQI) and in sexual functioning (DLQI-19), as well as increased need to improve sex
life (PNQ-i17). This general overview of results seems foreseeable and in accordance to previ-
ous literature [6-9], as genital psoriasis has been strongly associated with increased severity
and with an increased number of previous systemic treatments (which can be considered a
surrogate measure for severity over time) [30]. In addition, in-depth analyses considering
patients’ gender and methodological constraints of PRO showed that the results were much
more complex than the simple relationship between anogenital psoriasis and loss of QoL.

Regarding gender analyses, higher prevalence of anogenital involvement was observed in
male patients; men also reported more sex-related impairments and treatment needs, at the
item-level. However, they presented better health and less QoL impairments in general than
women, as assessed with the EQ VAS and DLQI. These results might be explained by the
higher frequency of genital itching among females, which has been described as one of the
most debilitating symptoms of genital psoriasis [28,29,31], and they also highlight the limita-
tions of index measures to detect specific QoL impairments [32]. Worse perception of body
image and higher prevalence of body dysmorphic concerns among females with skin diseases
in general and with psoriasis in particular may also explain the gender differences in patient-
reported health and QoL [33-35].

In addition, while patients with anogenital psoriasis and males reported increased sex-
related treatment needs, they did not present more treatment benefits in general or in their
sex-life. This gap between patient-defined treatments needs and benefits may reflect difficulties
in patient-physician communication regarding sensitive topics [8]. Specifically, the higher fre-
quency of UV therapy among patients with anogenital psoriasis may indicate unawareness of
anogenital involvement by the physicians or the disregard of anogenital involvement in clinical
decisions, since UV therapy is not recommended in the anogenital area [5]. This misalignment
between patients and physicians extends beyond the treatment choices, as physicians are likely
to overestimate the attention paid to the patient, the time spent for the medical examination
and the improvement on well-being after treatment, with deleterious effects on the patient-
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physician relationship, such as mistrust, seeking for “second” opinions and alternative treat-
ments, and lower treatment adherence [36].

The missing rates were mostly negligible, invariant across gender and anogenital involve-
ment groups, and did not contribute significantly to explain the variance in PRO. Conversely,
the high portion of NRR to sex-related items in both groups of patients with and without ano-
genital psoriasis is worthy of further discussion. On the one hand, the great %NRR to sex-
related items can be attributed to the actual absence of impact of psoriasis on sexual life (mini-
mum impact), which is the most likely interpretation for patients without anogenital psoriasis.
On the other hand, the NRR provided by patients with documented involvement of anal and/
or genital areas can be attributed to the complete avoidance of social and intimate relationships
because of psoriasis (maximum impact). This hypothesis is corroborated by the significant
associations between more NRR to DLQI-i9 and decreased general health and between more
NRR to PNQ-i17 and decreased QoL impairments. Therefore, treatment decisions based on
the DLQI or even on the assessment of patient needs are potentially biased.

One important limitation that should be taken into account is the inadequacy of PASI to
capture the involvement and severity of sexually sensitive areas of psoriasis [37], even if signifi-
cant convergent validity between the grid scheme of topical distribution of psoriasis completed
by the patient and the clinical outcomes was previously demonstrated [9]. Moreover, this
study had a cross-sectional design and patient needs and benefits were assessed simultaneously
with regard to current or previous treatments. No information was recorded regarding the
duration of current/previous treatment or whether the involvement of sexually sensitive body
areas and the specific patient needs were previously discussed in routine consultations and
taken into account in treatment selection. Another important limitation was the use of data
collected in 2007, as time boundaries may affect the external validity of results [38], for
instance specific patient needs related to changes in social attitudes regarding psoriasis.

Despite the aforementioned limitations, the results from the present study have important
implications for clinical practice and research. The remarkable portion of patients with psoria-
sis lesions in the anal and/or genital areas calls for routine examination of the whole skin,
including the anogenital region, in daily practice. Beyond the involvement and severity of
lesions in sexually sensitive body areas, the treatment choices should also take into account the
sex-related impairments and patient needs regarding treatments. Patient-reported question-
naires can be first used as a less uncomfortable/embarrassing way for patients to discuss their
genital lesions and sexual impairments during healthcare visits. However, it is paramount to
supplement outcome assessment with in-depth qualitative interviews, including the enquiry of
reasons behind NRR to sex-related items, as a basis for effective patient-physician communica-
tion and patient-centred healthcare.

Further research is also necessary to better understand the specific disease burden and
treatment needs of patients with psoriasis affecting the anogenital area. Longitudinal studies
addressing patient-defined sex-related treatment goals and benefits are particularly important.
Additional psychosocial research in psoriasis is also imperative, mainly studies focusing on
stigmatisation experiences [10], body image/dysmorphic concerns and specific mechanisms to
cope with the disease, such as acceptance of oneself versus avoidance of social and intimate rela-
tionships [39] or cognitive distraction from body appearance during sexual interactions [40,41].

Supporting information

S1 File. Dataset (N = 2,009). The dataset includes anonymized data for 2,009 patients with
psoriasis.
(SAV)

PLOS ONE | https://doi.org/10.1371/journal.pone.0235091  July 1, 2020 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0235091.s001
https://doi.org/10.1371/journal.pone.0235091

PLOS ONE

Sex-related impairment and patient needs and benefits in anogenital psoriasis

Acknowledgments

The authors thank the Scientific Communication Team of the IVDP, in particular Sara Tiede-
mann and Mario Gehoff, for copy editing.

Author Contributions

Conceptualization: Neuza da Silva, Matthias Augustin, Anna Langenbruch, Ulrich Mrowietz,
Kristian Reich, Diamant Thagi, Wolf-Henning Boehncke, Natalia Kirsten, Alexandra
Danckworth, Rachel Sommer.

Data curation: Anna Langenbruch, Alexandra Danckworth.
Formal analysis: Neuza da Silva, Anna Langenbruch, Rachel Sommer.
Funding acquisition: Matthias Augustin.

Investigation: Matthias Augustin, Ulrich Mrowietz, Kristian Reich, Diamant Thagci, Wolf-
Henning Boehncke, Natalia Kirsten.

Methodology: Neuza da Silva, Matthias Augustin, Anna Langenbruch, Ulrich Mrowietz, Kris-
tian Reich, Diamant Thaci, Wolf-Henning Boehncke, Natalia Kirsten, Alexandra Danck-
worth, Rachel Sommer.

Project administration: Matthias Augustin.

Resources: Matthias Augustin.

Supervision: Matthias Augustin.

Validation: Matthias Augustin.

Visualization: Neuza da Silva, Matthias Augustin, Anna Langenbruch, Rachel Sommer.
Writing - original draft: Neuza da Silva, Rachel Sommer.

Writing - review & editing: Neuza da Silva, Matthias Augustin, Anna Langenbruch, Ulrich
Mrowietz, Kristian Reich, Diamant Thag¢i, Wolf-Henning Boehncke, Natalia Kirsten, Alex-
andra Danckworth, Rachel Sommer.

References

1. Parisi R, Symmons DP, Griffiths CE, Ashcroft DM. Global epidemiology of psoriasis: A systematic
review of incidence and prevalence. J Invest Dermatol. 2013; 133(2):377-385. https://doi.org/10.1038/
jid.2012.339 PMID: 23014338

2. Augustin M, Reich K, Glaeske G, Schaefer |, Radtke M. Co-morbidity and age-related prevalence of
psoriasis: Analysis of health insurance data in Germany. Acta Derm Venereol. 2010; 90(2):147-151.
https://doi.org/10.2340/00015555-0770 PMID: 20169297

3. Augustin M, Glaeske G, Radtke MA, Christophers E, Reich K, Schaefer |. Epidemiology and comorbid-
ity of psoriasis in children. Br J Dermatol. 2010; 162(3):633—-636. https://doi.org/10.1111/j.1365-2133.
2009.09593.x PMID: 19922529

4. Augustin M, Kriger K, Radtke MA, Schwippl |, Reich K. Disease severity, quality of life and health care
in plaque-type psoriasis: A multicenter cross-sectional study in Germany. Dermatology 2008; 216
(4):366—-372. https://doi.org/10.1159/000119415 PMID: 18319601

5. Meeuwis KA, de Hullu JA, Massuger LF, van de Kerkhof PC, van Rossum MM. Genital psoriasis: A sys-
tematic literature review on this hidden skin disease. Acta Derm Venereol. 2011; 91(1):5—11. https://doi.
org/10.2340/00015555-0988 PMID: 20927490

6. YangEJ, Beck KM, Sanchez IM, Koo J, Liao W. The impact of genital psoriasis on quality of life: A sys-
tematic review. Psoriasis (Auckl). 2018; 28(8):41-47.

PLOS ONE | https://doi.org/10.1371/journal.pone.0235091  July 1, 2020 11/13


https://doi.org/10.1038/jid.2012.339
https://doi.org/10.1038/jid.2012.339
http://www.ncbi.nlm.nih.gov/pubmed/23014338
https://doi.org/10.2340/00015555-0770
http://www.ncbi.nlm.nih.gov/pubmed/20169297
https://doi.org/10.1111/j.1365-2133.2009.09593.x
https://doi.org/10.1111/j.1365-2133.2009.09593.x
http://www.ncbi.nlm.nih.gov/pubmed/19922529
https://doi.org/10.1159/000119415
http://www.ncbi.nlm.nih.gov/pubmed/18319601
https://doi.org/10.2340/00015555-0988
https://doi.org/10.2340/00015555-0988
http://www.ncbi.nlm.nih.gov/pubmed/20927490
https://doi.org/10.1371/journal.pone.0235091

PLOS ONE

Sex-related impairment and patient needs and benefits in anogenital psoriasis

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Gottlieb AB, Kirby B, Ryan C, Naegeli AN, Burge R, Bleakman AP, et al. The development of the Genital
Psoriasis Sexual Frequency Questionnaire (GenPs-SFQ) to assess the impact of genital psoriasis on
sexual health. Dermatol Ther (Heidelb.) 2018; 8(1):33—44.

Cather JC, Ryan C, Meeuwis K, Bleakman AP, Naegeli AN, Edson-Heredia E, et al. Patients’ perspec-
tives on the impact of genital psoriasis: A qualitative study. Dermatol Ther (Heidelb). 2017; 7(4):447—
461.

Augustin M, Sommer R, Kirsten N, Danckworth A, Radtke MA, Reich K, et al. Topology of Psoriasis in
Routine Care—Results from a High-resolution Analysis in 2,009 Patients. Br J Dermatol. 2019; 181
(2):358-365. https://doi.org/10.1111/bjd.17403 PMID: 30430557

Alpsoy E, Polat M, Fettahlioglu-Karaman B, Karadag AS, Kartal-Durmazlar P, YalCin B, et al. Internal-
ized stigma in psoriasis: A multicenter study. J Dermatol. 2017; 44(8):885-891. https://doi.org/10.1111/
1346-8138.13841 PMID: 28407292

World Health Organization. Global report on psoriasis. Switzerland: World Health Organization; 2016.

Augustin M, Radtke MA, Zschocke |, Blome C, Behechtnejad J, Schéfer |, et al. The Patient Benefit
Index: A novel approach in patient-defined outcomes measurement for skin diseases. Arch Dermatol
Res. 2009; 301(8):561-571. https://doi.org/10.1007/s00403-009-0928-8 PMID: 19326133

Lebwohl MG, Bachelez H, Barker J, Girolomoni G, Kavanaugh A, Langley RG, et al. Patient perspec-
tives in the management of psoriasis: Results from the population-based Multinational Assessment of
Psoriasis and Psoriatic Arthritis Survey. J Am Acad Dermatol. 2014; 70(5):871-881.e30. https://doi.org/
10.1016/j.jaad.2013.12.018 PMID: 24576585

Maul J-T, Navarini AA, Sommer R, Anzengruber F, Sorbe C, Mrowietz U, et al. Gender and age signifi-
cantly determine patient needs and treatment goals in psoriasis—a lesson for practice. J Eur Acad Der-
matol Venereol. 2019; 33(4):700-708. https://doi.org/10.1111/jdv.15324 PMID: 30388318

Sommer R, Augustin M, Mrowietz U, Topp J, Schéfer |, von Spreckelsen R. Perception of stigmatization
in people with psoriasis-qualitative analysis from the perspective of patients, relatives and healthcare
professionals. Hautarzt 2019; 70(7): 520-526.

Meeuwis KA, van de Kerkhof PC, Massuger LF, de Hullu JA, van Rossum MM. Patients’ experience of
psoriasis in the genital area. Dermatology 2012; 224(3):271-276. https://doi.org/10.1159/000338858
PMID: 22677898

Augustin M, Reich K, Reich C, Purwins S, Rustenbach SJ, Schafer |, et al. Quality of psoriasis care in
Germany—Results of the national study PsoHealth 2007. J Dtsch Dermatol Ges. 2008; 6(8):640—645.
https://doi.org/10.1111/j.1610-0387.2008.06807.x PMID: 18801145

Fredriksson T, Pettersson U. Severe psoriasis—oral therapy with a new retinoid. Dermatologica 1978;
157(4):238-244. https://doi.org/10.1159/000250839 PMID: 357213

Walsh JA, McFadden M, Woodcock J, Clegg DO, Helliwell P, Dommasch E, et al. Product of the Physi-
cian Global Assessment and body surface area: A simple static measure of psoriasis severity in a longi-
tudinal cohort. J Am Acad Dermatol. 2013; 69(6):931-937. https://doi.org/10.1016/j.jaad.2013.07.040
PMID: 24054760

Greiner W, Weijnen T, Nieuwenhuizen M, Oppe S, Badia X, Busschbach J, et al. A single European cur-
rency for EQ 5-D health states. Results from a six-country study. Eur J Health Econ. 2003; 4(3):222—
231. https://doi.org/10.1007/s10198-003-0182-5 PMID: 15609189

Finlay AY, Khan GK. Dermatology Life Quality Index (DLQI)—a simple practical measure for routine clin-
ical use. Clin Exp Dermatol. 1994; 19(3):210-216. https://doi.org/10.1111/j.1365-2230.1994.tb01167.x
PMID: 8033378

Hongbo Y, Thomas CL, Harrison MA, Salek MS, Finlay AY. Translating the science of quality of life into
practice: What do dermatology life quality index scores mean? J Invest Dermatol. 2005; 125(4):659—
664. https://doi.org/10.1111/j.0022-202X.2005.23621.x PMID: 16185263

Feuerhahn J, Blome C, Radtke MA, Augustin M. Validation of the Patient Benefit Index for the assess-
ment of patient-relevant benefit in the treatment of psoriasis. Arch Dermatol Res. 2012; 304(6):433—
441. https://doi.org/10.1007/s00403-012-1256-y PMID: 22722916

Cohen J. Statistical power analysis for the behavioral sciences. Hillsdale, NJ: Erlbaum; 1988.

Aiken L, West S. Multiple regression: Testing and interpreting interactions. Thousand Oaks, CA: Sage;
1991.

Frazier PA, Tix AP, Barron KE. Testing moderator and mediator effects in counseling psychology
research. J Couns Psychol. 2004; 51(1):115-134.

Jose P. ModGraph-I: A programme to compute cell means for the graphical display of moderational
analyses: The internet version. Wellington, New Zealand: Victoria University of Wellington; 2013.

Ryan C. Genital psoriasis: the failure of dermatologists to identify genital involvement. Br J Dermatol.
2019; 180(3):460-461. https://doi.org/10.1111/bjd. 17505 PMID: 30821387

PLOS ONE | https://doi.org/10.1371/journal.pone.0235091  July 1, 2020 12/13


https://doi.org/10.1111/bjd.17403
http://www.ncbi.nlm.nih.gov/pubmed/30430557
https://doi.org/10.1111/1346-8138.13841
https://doi.org/10.1111/1346-8138.13841
http://www.ncbi.nlm.nih.gov/pubmed/28407292
https://doi.org/10.1007/s00403-009-0928-8
http://www.ncbi.nlm.nih.gov/pubmed/19326133
https://doi.org/10.1016/j.jaad.2013.12.018
https://doi.org/10.1016/j.jaad.2013.12.018
http://www.ncbi.nlm.nih.gov/pubmed/24576585
https://doi.org/10.1111/jdv.15324
http://www.ncbi.nlm.nih.gov/pubmed/30388318
https://doi.org/10.1159/000338858
http://www.ncbi.nlm.nih.gov/pubmed/22677898
https://doi.org/10.1111/j.1610-0387.2008.06807.x
http://www.ncbi.nlm.nih.gov/pubmed/18801145
https://doi.org/10.1159/000250839
http://www.ncbi.nlm.nih.gov/pubmed/357213
https://doi.org/10.1016/j.jaad.2013.07.040
http://www.ncbi.nlm.nih.gov/pubmed/24054760
https://doi.org/10.1007/s10198-003-0182-5
http://www.ncbi.nlm.nih.gov/pubmed/15609189
https://doi.org/10.1111/j.1365-2230.1994.tb01167.x
http://www.ncbi.nlm.nih.gov/pubmed/8033378
https://doi.org/10.1111/j.0022-202X.2005.23621.x
http://www.ncbi.nlm.nih.gov/pubmed/16185263
https://doi.org/10.1007/s00403-012-1256-y
http://www.ncbi.nlm.nih.gov/pubmed/22722916
https://doi.org/10.1111/bjd.17505
http://www.ncbi.nlm.nih.gov/pubmed/30821387
https://doi.org/10.1371/journal.pone.0235091

PLOS ONE

Sex-related impairment and patient needs and benefits in anogenital psoriasis

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Larsabal M, Ly S, Sbidian E, Moyal-Barracco M, Dauendorffer J-N, Dupin N, et al. GENIPSO: a French
prospective study assessing instantaneous prevalence, clinical features and impact on quality of life of
genital psoriasis among patients consulting for psoriasis. Br J Dermatol. 2019; 180(3):647—656. https://
doi.org/10.1111/bjd. 17147 PMID: 30188572

Ryan C, Sadlier M, De Vol E, Patel M, Lloyd AA, Day A, et al. Genital psoriasis is associated with signifi-
cant impairment in quality of life and sexual functioning. J Am Acad Dermatol. 2015; 72(6):978-983.
https://doi.org/10.1016/j.jaad.2015.02.1127 PMID: 25824273

Savas JA, Pichardo RO. Female genital itch. Dermatol Clin. 2018; 36(3):225-243. https://doi.org/10.
1016/j.det.2018.02.006 PMID: 29929595

Ravens-Sieberer U, Erhart M, Wille N, Wetzel R, Nickel J, Bullinger M. Generic health-related quality-
of-life assessment in children and adolescents: methodological considerations. Pharmacoeconomics
2006; 24(12):1199-1220. https://doi.org/10.2165/00019053-200624120-00005 PMID: 17129075

Wojtyna E, Lakuta P, Marcinkiewicz K, Bergler-Czop B, Brzezinska-Wcisto L. Gender, body image and
social support: biopsychosocial determinants of depression among patients with psoriasis. Acta Derm
Venereol. 2017; 97(1):91-97. https://doi.org/10.2340/00015555-2483 PMID: 27304233

Nazik H, Nazik S, Gul FC. Body image, self-esteem, and quality of life in patients with psoriasis. Indian
Dermatol Online J. 2017; 8(5):343-346. https://doi.org/10.4103/idoj.IDOJ_503 15 PMID: 28979867

AlShahwan MA. Prevalence and characteristics of body dysmorphic disorder in Arab dermatology
patients. Saudi Med J. 2020; 41(1):73-78.

Patruno C, Ayala F, Megna M, Napolitano M, Balato N. Patient-physician relationship in patients with
psoriasis. Indian J Dermatol Venereol Leprol. 2012; 78:228.

Paek SY, Thompson JM, Qureshi AA, Merola JF, Husni ME. Comprehensive Assessment of the Psoria-
sis Patient (CAPP): a report from the GRAPPA 2015 Annual Meeting. J Rheumatol. 2016; 43(5):961—
964. https://doi.org/10.3899/jrheum.160115 PMID: 27134270

Bickman L, Rog DJ. The SAGE handbook of applied social research methods (2" ed.). Los Angeles:
Sage; 2009.

Augustin M, Zschocke |, Lange S, Seidenglanz K, Amon U. Lebensqualitat bei Hauterkrankungen: Ver-
gleich verschiedener Lebensqualitats-Fragebdgen bei Psoriasis und atopischer Dermatitis. Hautarzt
1999; 50(10):715-722. https://doi.org/10.1007/s001050051056 PMID: 10550357

Dove NL, Wiederman MW. Cognitive distraction and women'’s sexual functioning. J Sex Marital Ther.
2000; 26(1):67-78. https://doi.org/10.1080/009262300278650 PMID: 10693117

Meana M, Nunnink SE. Gender differences in the content of cognitive distraction during sex. J Sex Res.
2006; 43(1):59-67. https://doi.org/10.1080/00224490609552299 PMID: 16817068

PLOS ONE | https://doi.org/10.1371/journal.pone.0235091  July 1, 2020 13/13


https://doi.org/10.1111/bjd.17147
https://doi.org/10.1111/bjd.17147
http://www.ncbi.nlm.nih.gov/pubmed/30188572
https://doi.org/10.1016/j.jaad.2015.02.1127
http://www.ncbi.nlm.nih.gov/pubmed/25824273
https://doi.org/10.1016/j.det.2018.02.006
https://doi.org/10.1016/j.det.2018.02.006
http://www.ncbi.nlm.nih.gov/pubmed/29929595
https://doi.org/10.2165/00019053-200624120-00005
http://www.ncbi.nlm.nih.gov/pubmed/17129075
https://doi.org/10.2340/00015555-2483
http://www.ncbi.nlm.nih.gov/pubmed/27304233
https://doi.org/10.4103/idoj.IDOJ_503_15
http://www.ncbi.nlm.nih.gov/pubmed/28979867
https://doi.org/10.3899/jrheum.160115
http://www.ncbi.nlm.nih.gov/pubmed/27134270
https://doi.org/10.1007/s001050051056
http://www.ncbi.nlm.nih.gov/pubmed/10550357
https://doi.org/10.1080/009262300278650
http://www.ncbi.nlm.nih.gov/pubmed/10693117
https://doi.org/10.1080/00224490609552299
http://www.ncbi.nlm.nih.gov/pubmed/16817068
https://doi.org/10.1371/journal.pone.0235091

