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Abstract

Introduction: The hypothalamic—pituitary—adrenal (HPA) axis plays a crucial role in systemic homeostasis and hor-
monal regulation of metabolic and immune functions. A similar HPA axis analog exists in the skin, where it regulates
inflammation, cell proliferation and differentiation. Data regarding central HPA axis dysregulation in psoriasis are
interesting but so far inconclusive.

Aim: In the study we attempted to determine whether central HPA axis serum components correlate with psoriasis
severity.

Material and methods: Forty-two patients (10 women and 32 men) hospitalized at the Department of Dermatol-
ogy participated in the study. None of our patients received any systemic treatment. Venous blood samples were
collected at 6.00 AM. The relationship between quantitative variables and psoriasis severity based on the Psoriasis
Area and Severity Index (PASI) was assessed with proc logistic in SAS 9.4.

Results: The effect of adrenocorticotropin/cortisol ratio on the PASI group was OR 3.621 (95% confidence limits
1.217-10.775) for a 0.1 change in ratio (p = 0.02), meaning ACTH/cortisol ratio positively correlates with psoriasis
severity. The effect of ACTH and cortisol on the PASI group was not statistically significant, with p-values of 0.30
and 0.23 respectively. Other inflammatory markers such as high-sensitivity C-reactive protein, neutrophils level, LDL,
and total cholesterol did not show a significant correlation with PASI score.

Conclusions: Our results support the role of HPA axis dysfunction in the complex pathogenesis of psoriasis, show-
ing a positive correlation between morning ACTH/cortisol ratio and disease severity. ACTH/cortisol ratio can be

regarded as a new biochemical marker of psoriasis severity worth further studies.
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Introduction

Psoriasis is a chronic inflammatory disease affecting
from 0.5% up to 4% of the world’s population [1]. The
disease is characterized by visible scaly, inflammatory
plaques of hyperproliferative skin tissue with a signifi-
cant negative influence on quality of life and induction
of daily life stress and anxiety [2]. The number of patients
diagnosed with psoriasis rises each year, resulting in ris-
ing cost burdens of healthcare systems worldwide [3].

The hypothalamic—pituitary—adrenal (HPA) axis plays
a crucial role in systemic hormonal regulation and ho-
meostasis, and an axis analog has been discovered in
the skin. Cortisol is produced via the HPA axis with cir-
cadian rhythm and acutely in response to stress. This

hormone performs essential anti-inflammatory function
and regulates cell fate, differentiation, and metabolism.
In the skin, cortisol is responsible for inflammation inhibi-
tion, but also regulates cell apoptosis, proliferation and
keratinocyte differentiation [4]. The anti-inflammatory ef-
fect of cortisol derivatives, systemic glucocorticoids (GC),
has been utilized in many autoinflammatory diseases,
but with a certain caution in psoriasis [5]. Treatment with
systemic GC may induce severe psoriasis exacerbation
including life-threatening generalized pustular subtype
in case of abrupt discontinuation [6]. In psoriatic skin
there is deficient endogenous glucocorticoid signaling,
with inhibition of glucocorticoid synthesis and decreased
expression of GC nuclear receptors, which may under-
line the pathogenesis of inflammation in this disease [7].
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Therefore, GS signaling restoration in psoriasis attracts
attention as a promising treatment approach.

The pathophysiology of psoriasis is very complex and
multifactorial. The latest studies performed on skin bi-
opsies and cell cultures have shown that in psoriasis the
balance between the components of the cutaneous HPA
axis is impaired and this can contribute to uncontrolled
release of inflammatory cytokines [5, 7]. It is claimed
that the systemic HPA axis can supply most tissues with
glucocorticoids in abundance, but data regarding the
central HPA axis in psoriasis show its dysregulation and
diminished response to stress. So far data regarding the
central HPA axis in psoriasis are inconclusive.

Aim
In our study we attempted to ascertain whether and

how central HPA axis blood components relate to pso-
riasis severity.

Table 1. Baseline characteristics of patients with psoriasis

Material and methods

Forty-two patients (10 women and 32 men) hospital-
ized at the Dermatology Clinic of the Medical University
of Warsaw participated in the study. Characteristics of
the study group are presented in Table 1. None of our pa-
tients received any systemic treatment including biologi-
cal therapy, systemic retinoids, methotrexate, cyclospo-
rin A or glucocorticoid therapy. The group of our patients
was hospitalized in our department due to deterioration
of their disease and unresponsiveness to topical treat-
ment or narrow band UVB (NB-UVB) phototherapy in or-
der to decide which treatment would be the most appro-
priate based on clinical examination, laboratory results
and imaging diagnostic tests.

The applied protocol was approved by the Ethics
Committee of the Medical University of Warsaw with the
number KB/76/2016. All patients provided informed con-
sent before participation in the study and had the histo-

Variable Mild severity Moderate Severe severity P-value for  All patients with
group severity group group variable psoriasis
difference (n=42)
Age, median (IQR) [years] 60.5 (33-64) 49 (46-63) 45 (40-59) 0.364 49 (41-61)
Gender ratio, M/F 4/2 15/8 13/0 0.053 32/10
Waist circumference, median (IQR) [cm] 104 (101-111) 106 (96-116) 110 (92-114) 0.898 106 (92-114)
WHR, median (IQR) 1.01 (0.97-1.063) 1.02 (0.95-1.05) 1.03 (0.966-1.05) 0.972 1.018 (0.95-1.05)
BMI, median (IQR) [kg/m?] 0.551 28.8 (25.3-32.5)
Underweight, n (%) 0(0) 0 (0) 1(7.69) 1(2.38)
Normal, n (%) 1(16.67) 5 (21.74) 2 (15.38) 8 (19.04)
Overweight, n (%) 4 (66.67) 7 (30.43) 4 (30.77) 15 (35.72)
Obese class 1, n (%) 0 (0) 8 (34.78) 5 (38.46) 13 (30.95)
Obese class 2, n (%) 1(16.67) 2(8.7) 0(0) 3(7.14)
Obese class 3, n (%) 0(0) 1(4.35) 1(7.69) 2 (4.76)
Disease duration, median (IQR) [years] 23.2(3.19-42.84) 10.9 (3.5-29.41) 12.2 (8.4-30.6) 0.504 11.539 (4-29.41)
Comorbidities, n (%) 5(83.33) 15 (65.22) 9 (69.23) 0.694 29 (69.04)
Diabetes, n (%) 1(30.77) 4(17.39) 4 (30.77) 0.614 9 (21.43)
Hypertension, n (%) 4 (66.67) 9 (39.13) 7 (53.85) 0.419 20 (47.62)
Thyroid insufficiency (in euthyroidism), n (%) 2 (33.33) 3 (13.04) 1(7.69) 0.322 6 (14.29)
Psoriatic arthritis, n (%) 1(16.67) 4 (17.39) 6 (46.15) 0.1435 11 (26.19)
Dermatology Life Quality Index (DLQI) and 0.374
how it affects the patients’ lives, n (%):
Normal 1(16.67) 1(4.35) 0(0) 2 (4.76)
Small effect 1(16.67) 3 (13.04) 0(0) 4(9.52)
Moderate effect 0(0) 0(0) 1(7.69) 1(2.38)
Very large 1(16.67) 12 (52.17) 6 (46.15) 19 (45.24)
Extremely large 3 (50) 7 (30.43) 6 (46.15) 16 (38.1)

WHR — waist-hip ratio, BMI — body mass index, IOR — interquartile range.
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pathological confirmation of psoriasis. All the procedures
followed the Helsinki Declaration and the study was ap-
proved by the local clinical research ethics committee.
Clinical assessments were performed on patients at
the time of enrollment. Epidemiological data were docu-
mented using a standardized questionnaire. Collected
data included age, gender, height, weight, onset of the
disease, history of psoriasis treatment, comorbidities
(diabetes, blood hypertension, thyroid and other hormon-
al dysfunctions, prostate enlargement, dyslipidemias),
psoriatic arthritis, body mass index (BMI), bioimpedance
components (visceral fat, muscle, total fat), the occur-
rence of psoriasis in the family and the Dermatology Life
Quality Index (DLQI). DLQI scoring was determined as
follows: 0-1 = no effect on patient’s life, 2-5 = small ef-
fect on patient’s life, 6-10 = moderate effect on patient’s
life, 11-20 = very large effect on patient’s life, 21-30 = ex-
tremely large effect on patient’s life. In the PASI a score
< 10 points indicated mild psoriasis, 10-20 indicated mod-
erate, > 20 indicated severe disease. Each patient under-
went the following morning basic laboratory tests: blood
morphological analysis, liver enzyme concentrations, fast-
ing morning glycemia, creatinine, high-sensitivity C-reac-
tive protein (hsCRP), albumin, thyrotropin and lipid profile.
Venous blood samples were collected using vacutainer
Eppendorf EDTA tubes at 6.00 AM and were transported
on ice before processing. Collected blood samples were
centrifuged for 15 min at 2000 g at a temperature of 5°C.
After centrifugation, sera were stored in tubes with Com-
plete protease inhibitor (Roche) at minus 70°C until be-
ing analyzed. ELISA tests (DRG ACTH (adrenocorticotropic
hormone) (EIA-3647) for ACTH, LDN MS E-5000 for cortisol)
were carried out in accordance with the manufacturers’
instructions. Total cortisol serum concentration was ex-
pressed in ng/ml, whereas ACTH was expressed in pg/ml.
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Figure 1. The graph represents predicted cumulative prob-
abilities of adrenocorticotropin/cortisol (ACTH/COR) ratio in
patients with psoriasis who have been graded with mild (PASI
< 10), moderate (PASI 10-20) and severe disease (PASI > 20)
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Statistical analysis

Correlations were performed by Pearson correlation
for parametric variables and Spearman’s coefficient cor-
relation for non-parametric variables. Conformity with
the normal distribution was measured by the Shapiro-
Wilk test. The comparisons among the groups were ana-
lyzed using the ANOVA test.

The relation between quantitative variables and
psoriasis severity PASI was assessed with proc logistic
in SAS 9.4. P-value < 0.05 was considered statistically
significant.

Results

Among 42 patients studied, 5 (12%) had mild psoria-
sis (PASI < 10), 24 (57.1%) patients moderate (PASI 10-20)
and 13 (30.9%) were diagnosed with the severe form
(PASI > 20). A comparison between the groups showed
no differences in variables such as age, gender, height,
weight, comorbidities (diabetes, hypertension, thyroid
insufficiency and other hormonal dysfunctions, prostate
enlargement and other comorbidities), psoriatic arthri-
tis, BMI, bioimpedance components (visceral fat, muscle,
total fat), the occurrence of psoriasis in the family and
DLQI. A detailed comparison is presented in Table 1. The
majority of our patients had a very large or extremely
large impact of the disease on their quality of life (in to-
tal 83.34%), confirming that psoriasis significantly affects
life quality. Therefore, analysis using this indicator was
not carried out in this study.

The effect of adrenocorticotropin/cortisol (ACTH/Cor)
ratio on the PASI group was OR 3.621 (95% confidence
limits 1.217-10.775) for a 0.1 change in the ratio (p = 0.02)
(Figure 1), meaning that ACTH/cortisol ratio positively and
statistically significantly correlated with psoriasis severity
according to PASI score evaluation at p = 0.02. The effect
of ACTH and cortisol concentrations on the PASI group was
not statistically significant, with p values of 0.30 and 0.23
respectively. The effect of cortisol on incidence of psori-
atic arthritis (PsA) was: OR 0.987 (95% confidence limits
0.975-0.999), p = 0.03, meaning that PsA incidence corre-
lated significantly with lower cortisol levels in our group of
patients. The effect of ACTH/cortisol and ACTH on PsA was
not statistically significant, with p-values of 0.50 and 0.23
respectively. Other inflammatory markers — high-sensitivity
C-reactive protein, neutrophil level, low-density lipoprotein
(LDL), total cholesterol vs. PASI score — attained non-sta-
tistically significant p values of 0.18, 0.08, 0.62 and 0.26,
respectively. ACTH/cortisol ratio significantly correlated
with patients’ age (p = 0.0254, r =-0.35321).

Discussion

Adrenocorticotropin/cortisol ratio was not previ-
ously evaluated in patients with psoriasis, but has been
reported in other medical problems, such as the Cush-
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ing syndrome diagnostic test, viral infections, sepsis and
psychoneurological studies [8-11]. Our analysis showed
that ACTH/cortisol ratio correlates with the severity of
psoriasis and can be possibly utilized as a biochemical
marker of disease severity.

Brunoni et al. found a positive correlation between
bedtime cortisol level and psoriasis severity. In his study
there was no significant psoriasis correlation with either
morning cortisol or ACTH levels and these results are
consistent with ours [12]. PASI and HPA axis hormones
were assessed on the same day in hospitalized patients
in our studies and within the same week in the study by
Brunoni et al., which is important for the interpretation
of the possible relationship.

Robati et al. demonstrated what cortisol levels in-
creased significantly after anti-psoriatic treatment ap-
plication consisting of conventional topical, systemic or
phototherapy, not otherwise specified, when a PASI-75
response was achieved. In their observations, the cor-
tisol levels did not differ significantly between healthy
controls and study group at the baseline. This may be
explained by the fact that the range of “normal” cortisol
levels is broad, because it is influenced by variety of in-
ternal and external factors [13]. In our analysis we tried
to adjust some of them, such as comorbidities, BMI, and
results from bioimpedance, in the regression, but the
small size of the group did not allow us to perform an
objective evaluation.

We cannot exclude the potential influence of topi-
cal glucocorticoids on the cortisol level or ACTH/cortisol
ratio, but all of our patients received such treatment.
Topical glucocorticoids constitute the mainstay topical
therapy in psoriasis and it is difficult to find a group of
patients without it. None of our patients was on systemic
treatment. Atzeni et al. in their study showed that corti-
sol/ACTH ratio did not differ before and after treatment
with anti-TNF-a antibodies and etanercept in patients
with psoriatic arthritis (PsA) [14]. The study also revealed
that improvement was related to a higher cortisol level
in comparison to other adrenal hormones, such as 17-hy-
droxyprogesterone and androstenedione [14]. This find-
ing can be explained in two ways. If the cortisol/ACTH
ratio did not differ after etanercept therapy, it could
mean that our results are coincidental, but the group of
patients in the Atzeni et al. study was much smaller and
consisted of 11 patients with PsA. On the other hand, res-
toration of cortisol levels in comparison to other adrenal
hormones supports the hypothesis that the hypothalam-
ic-pituitary-adrenal axis is part of the pathogenesis of
psoriasis, and this confirms our results.

Several studies have shown that the cortisol response
to stress is diminished in psoriasis, either locally in the skin
or systemically [7, 15]. Cortisol as a key component of the
HPA axis is induced by psychological stress, but psoriasis
patients under higher stress influence present lower mean
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cortisol levels than patients who experienced lower levels
of daily stressors [15]. This indicates that the HPA axis is dis-
rupted especially in patients with psoriasis upon high lev-
els of stressors. This finding can also explain our results of
a positive correlation of ACTH/cortisol ratio with the severity
of psoriasis, when both the disease itself and stress impact
cortisol significantly with its regulation by ACTH.

Reece et al. presented the results of ACTH/cortisol
ratio in opioid-dependent patients. The study showed
that ACTH/cortisol ratio negatively correlated with the
age of female patients and was proposed to be an aging
biomarker [10]. Regardless of the gender and different
disease, these results coincide with our data showing
a similar relationship, that ACTH/cortisol ratio signifi-
cantly negatively correlates with the patients’ age.

We should mention that our results should be inter-
preted in the light of their limitations. These are: the small
number of patients, no control group for equalization and
the lack of bedtime hormonal analysis. It would be interest-
ing to compare ACTH and cortisol values between psoriasis
patients and healthy controls to identify differences, but the
same limiting factor was also present in the Brunoni et al.
study with similar results to ours [12]. On the other hand,
a very important requirement for the healthy control study
is hospitalization, during which the assessment of HPA axis
components is more reliable than randomly performed
measurement in an outpatient clinic. Therefore in our study
the analysis of hormonal results was carried out on hospi-
talized patients with several differentiating factors such as
psoriasis severity, age, psoriatic arthritis and comorbidities.

Conclusions

Our results support the hypothesis of the role of HPA
axis dysfunction in the pathogenesis of psoriasis. The
significant correlation between adrenocorticotropin/cor-
tisol ratio with psoriasis severity is an interesting finding,
constituting one element in the HPA axis and should be
treated as the basis for further studies, including day-
time and bedtime blood analysis to determine whether
deficient ACTH/cortisol regulation is constant or variable
depending on the time of day.
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