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Abstract
Background: Depression is a common comorbid condition 
with atopic dermatitis (AD), particularly during the active 
disease cycle. Controversial results regarding the contribu-
tion of biological sex, immunoglobulin E (IgE) sensitization, 
and cortisol on AD severity and comorbid depression justify 
further investigation. Objective and Methods: To explore 
the influence of sex and IgE sensitization on biochemical and 
psychological parameters, and severity of AD, a case-control 
study of 105 volunteers (56 AD, 49 healthy controls (HC); 50 
males, 55 females) was conducted over 10 weeks, starting at 
dermatological symptom onset. Disease severity, serum IgE, 
cortisol and testosterone levels, and depression scores were 
assessed at study baseline and after 10 weeks of convention-
al treatment. Results: Dermatological severity differed 
among AD males by IgE sensitization and was elevated in 
males with extrinsic atopic dermatitis (EAD). Hamilton De-
pression Rating Scale (HAMD) scores were elevated in all pa-
tients at study baseline and improved with symptom reduc-

tion to HC levels, except female EAD. Severity of depression 
and dermatitis were correlated in EAD males at baseline and 
at week 10. Serum cortisol was elevated in male EAD at base-
line, in contrast to males with intrinsic atopic dermatitis (IAD) 
at week 10. In addition, cortisol levels were found negatively 
correlated with SCORAD and HAMD scores in EAD males at 
week 10. Conclusion: Pathophysiological features of AD and 
depression are likely related to different inflammation-based 
effects and appear to be biological sex-dependent. Cortisol 
levels depend on biological sex and IgE sensitization in AD 
and increase in males with EAD at exacerbation and IAD 
males at resolution. Biological sex-related disease triggers, 
IgE sensitization, and cortisol levels are important for the un-
derstanding of the mechanisms underlying AD and comor-
bid depression. © 2020 S. Karger AG, Basel

Introduction

Atopic dermatitis (AD) is the most representative ex-
ample of dermatological disorders [1] with a high rate of 
psychiatric comorbid pathology [2–4]. The link between 
the nervous system and skin is based on common em-
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bryogenesis from the ectoderm, and both systems are reg-
ulated by similar neuroendocrine mechanisms [5, 6]. Sev-
eral studies have demonstrated that stress represents a 
potent trigger of AD initiation or progression and influ-
ences disease severity [5, 7, 8]. A possible mechanism that 
contributes to dermatitis development is dysregulation of 
the biological stress response system by altered hypotha-
lamic-pituitary-adrenal (HPA) axis functioning [9]. The 
HPA axis as a key regulator of stress response and its dys-
regulation has also been suggested to have a prominent 
role in various psychopathologies including depression 
[10–12]. Comorbid depression, anxiety, and suicidal ide-
ation are known components of AD particularly during 
its exacerbation [13]. Attenuated response of the HPA 
axis to stress, mediated primarily at the pituitary level, has 
also been demonstrated in AD patients [14, 15]. AD se-
verity has been linked to the low basal levels of cortisol 

[16], which can apparently be explained by the main 
pathogenic mechanisms of chronic allergic diseases and 
the presence of greater type 2 helper T-cell response cor-
related with lower cortisol levels [9, 17]. Nevertheless, 
other studies reported no altered HPA axis function in 
AD patients [9, 18, 19], leaving the degree of HPA axis 
involvement in AD pathophysiology an open question. 
HPA response patterns differ markedly between males 
and females; however, few studies have investigated the 
influence of biological sex on cortisol regulation in AD 
[20].

In addition to HPA axis activity, many studies empha-
size the role of gonadal hormones in depression and AD 
[21]. It is well known that AD is an immune-mediated 
disease, and certain alterations in sex hormone metabo-
lism and balance can play a predisposing factor role [22]. 
Testosterone may affect the balance between helper T-cell 

   Study baseline
AD patients were exposed to:
 1. Blood sampling followed by evaluation of IgE,
  serum cortisol, and testosterone levels
 2. Assessment of dermatitis severity by
  SCORAD index
 3. Evaluation of depression severity using HAMD

AD patients were provided conventional inpatient
treatments in the Center of Dermatology in Astana
according to the international guidelines,
according to severity of disease: antihistamines 
(e.g., diphenhydramine, desloratadine) and topical
corticosteroids (e.g., betamethasone, mometasone)
up to 3 weeks, and emollients up to 2 months

All participants completed informed consent prior to study start at week 0 (study baseline)

105 volunteers (56 AD: 27 males, 29 females; 49 HC: 23 males, 26 females) were recruited in a case-control,
single-center study over 10 weeks of dermatological symptom presentation starting at AD symptom onset

   Study baseline
HC were exposed to:
 1. Blood sampling followed by evaluation of IgE,
  serum cortisol, and testosterone levels
 2. Evaluation of depression severity using HAMD

   Week 10
AD patients were exposed to:
 1. Blood sampling followed by evaluation of IgE,
  serum cortisol, and testosterone levels
 2. Assessment of dermatitis severity by
  SCORAD index
 3. Evaluation of depression severity using HAMD

   Statistics
 1. Division of AD patients and HC volunteers by
  sex and IgE sensitivity (AD only), followed by
  unpaired, two-way ANOVA and Bonferroni 
  means separation tests for multiple group
  comparisons
 2. Spearman correlations were conducted using
  pairwise deletion for missing values at a
  p = 0.05 threshold for significance

Fig. 1. Flowchart of Materials and Methods. AD, atopic dermatitis; HC, healthy controls; SCORAD, Scoring of 
Atopic Dermatitis; HAMD, Hamilton Depression Rating Scale.
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type 1/2, immunoglobulin E (IgE) synthesis, and eosino-
phil proliferation, thus modulating allergic reactions 
[23].

Interaction between the HPA axis and the hypotha-
lamic-pituitary-gonadal axis was also observed with in-
creased HPA and in parallel diminished hypothalamic-
pituitary-gonadal activity in depressed males and females 
[6, 24] as well as in AD patients [22]. In women suffering 
from depression, lower plasma estrogen levels and in-
creased plasma androgen levels have been observed [25], 
whereas testosterone levels were found decreased in de-
pressed men [26, 27], although some studies reported no 
such correlation [28–30].

The present study is a further reporting of prior work 
with AD patients [31]. The aim of the current work was 
to explore biological sex-specific biochemical, dermato-
logical, and psychological parameters of AD patients to 
provide a basis for the development of improved treat-
ment paradigms.

Materials and Methods

For further details, see the online supplementary material (see 
www.karger.com/doi/10.1159/000504388 for all online suppl. ma-
terial) (Fig. 1) [32].

Results

SCORAD Sex Differences Are Based on IgE 
Sensitization
SCORAD ratings corresponded to moderate AD and 

did not differ between male and female patients (Fig. 2a–
c). Time-dependent improvement was noted in all pa-
tients [AD: F(1, 98) = 33.11, p < 0.001; extrinsic AD 
(EAD): F(1, 56) = 16.41, p = 0.001; intrinsic AD (IAD): 
F(1, 38) = 24.81, p < 0.001]. However, within-sex differ-
ences were observed when patients were considered by 
disease subtype. In males, differences in both initial der-
matological symptom intensity [F(1, 45) = 11.30, p = 
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Fig. 2. SCORAD scores in atopic dermati-
tis. SCORAD rating of AD (a), EAD (b), 
and IAD (c) patients. Bars represent means 
(±SEM). White bars, study baseline; black 
bars, week 10. Letters above bars indicate 
time-dependent change in dermatological 
score by biological sex (two-way ANOVA): 
AD, F(1, 98) = 33.11, p < 0.0001; EAD, F(1, 
56) = 16.41, p = 0.0002; IAD, F(1, 56) = 
24.81, p < 0.0001. Comparison of SCORAD 
ratings in male (d) [disease subtype: F(1, 
45) = 11.30, p = 0.0016; time: F(1, 45) = 
14.34, p = 0.0005] and female (e) AD pa-
tients [time: F(1, 49) = 20.46, p < 0.0001] at 
study baseline and week 10 by IgE sensiti-
zation.
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0.002; Fig. 2d] and rate of improvement [F(1, 45) = 14.34, 
p = 0.001] were noted, whereas in female patients time-
dependent improvement [F(1, 49) = 20.26, p < 0.001] was 
observed with no disease subtype differences in disease 
severity and improvement (Fig. 2e). Serum IgE levels in 
EAD and IAD patients were within the corresponding 
ranges and were not significantly changed at week 10 
compared to baseline (data not shown). Spearman analy-
sis revealed a significant correlation between SCORAD 
and IgE levels in AD males at baseline and week 10, but 
in AD females only at week 10 (Table 1). When AD pa-
tients were divided by IgE sensitization, a correlation was 
found in EAD females at baseline and week 10. In EAD 
males, SCORAD and IgE levels were found correlated 
only at week 10 (Table 1).

Depression Scores and Improvement Differ by 
Biological Sex and IgE Sensitization in AD Patients 
All AD patients presented with higher depression 

scores at baseline compared with healthy controls (HC) 

(increased by: males 98%, p < 0.001; females 120%, p < 
0.001), with AD female elevated above male scores [46% 
increase; F(3, 192) = 28.17, p < 0.001; Fig. 3a]. When con-
sidered by AD disease subtype, this trend was mainly as-
sociated with the EAD group, with female depression 
scores elevated 60% above male scores [F(3, 150) = 25.26, 
p < 0.001; Fig. 3b]. Males improved by week 10 to HC 
score levels, whereas those of females remained elevated. 
In all IAD patients, depression scores were elevated at 
baseline (males 123%, females 120% increased) and im-
proved to HC levels by week 10 [F(1, 132) = 6.58, p = 
0.011; Fig. 3c]. No differences in depression score were 
observed within biological sex groupings between AD 
subtypes, yet time-dependent differences in score im-
provements by disease subtype were detected in female 
AD patients [F(1, 49) = 8.1237, p = 0.006]. Hamilton De-
pression Rating Scale (HAMD) and SCORAD scores 
were found correlated (Spearman analysis) in EAD males 
at baseline and week 10 (Table 1).
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Fig. 3. Depression scores in atopic derma-
titis and healthy controls. Bars represent 
means (±SEM). White bars, study baseline; 
black bars, week 10; hatched bars, healthy 
controls. Letters above bars are results of a 
Bonferroni means separation test (two-
way ANOVA): AD (a) [F(3, 192) = 28.17,  
p < 0.0001]; EAD (b) [F(3, 150) = 25.26,  
p < 0.0001]; IAD (c) [F(3, 132) = 15.68,  
p < 0.0001]. Comparison of HAMD ratings 
in male (d) (nonsignificant) and female (e) 
AD patients [time: F(1, 49) = 8.137, p = 
0.0063] at study baseline and week 10 by 
IgE sensitization.
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Elevated Cortisol Follows IgE Increase in EAD Male 
Patients at Baseline and Rises in IAD Males at  
Week 10
All patient serum cortisol levels were within normal 

ranges; however, a link between cortisol, sex, and AD dis-
ease subtype was noted. AD male cortisol was higher at 
baseline (28% increase) and reduced by week 10 com-
pared with HC [F(3, 192) = 5.043, p = 0.0022; Fig. 4a]. 
This increase was more pronounced in EAD males [35% 
increase, F(3, 150) = 4.564, p = 0.004; Fig. 4b]. In IAD 
males, cortisol was elevated at week 10 [37% increase, F(3, 
132) = 3.783, p = 0.012; Fig. 4c]. No intrasex differences 
between AD disease subtypes were observed (Fig. 4d, e). 
Serum testosterone levels were within the normal ranges 
among AD patients (data not shown). No sex- or IgE-
dependent correlations with testosterone were observed. 
Spearman analysis revealed a negative correlation be-
tween cortisol levels and SCORAD scores at week 10 in 
AD males, reflected mainly by the same correlation in the 
EAD subgroup (Table 1). Moreover, cortisol levels in 
EAD males at week 10 were also found negatively corre-
lated with HAMD scores (Table 1). Testosterone/cortisol 
ratio analysis hinted at disparity among AD and HC 
groups [F(3, 192) = 3.107, p = 0.027; Fig. 5a]; however, a 
Bonferroni separation test did not confirm differences. 
Further division into AD subtypes indicated that EAD 
males had lower ratios (–40%) than sex-matched HC, 
which reached HC levels by week 10 [F(3, 150) = 3.039,  

p = 0.031; Fig. 5b]. In EAD males at disease baseline, the 
testosterone/cortisol ratio was significantly lower com-
pared with EAD females (Fig. 5b). No differences were 
found among IAD patients (Fig. 5c). No intrasex differ-
ences in testosterone/cortisol level were detected between 
AD subtypes (Fig. 5d, e).

Discussion

In the present study, we analyzed sex- and disease-spe-
cific factors which are known to be related to dermato-
logical and psychiatric pathologies. In agreement with 
previous reports [33, 34], we found that severity of AD 
both in males and females was positively correlated with 
IgE sensitization, albeit at different phases of the active 
disease cycle. Severity of the dermatological picture dif-
fers by IgE sensitization between AD males, whereas this 
difference is not seen in AD females. We can relate it to 
the hypothesis that dehydroepiandrosterone (a testoster-
one metabolite) may be one of the regulators of IgE syn-
thesis and eosinophil proliferation in patients with AD, 
thus modulating the severity of dermatitis [23]. In addi-
tion, we found that depression severity was more pro-
nounced in EAD females compared to males. The same 
correlation between sex and HAMD scores was reported 
in another study [35]. Thus, our findings may help to ex-
plain the differences between AD males and females ob-

Table 1. Spearman analysis of AD patients

Parameter Sex r/p IgE 
in AD 
(baseline)

IgE 
in AD (week 
10)

Cortisol
in AD 
(baseline)

Cortisol 
in AD 
(week 10)

IgE 
in EAD 
(baseline)

IgE 
in EAD 
(week 10)

HAMD 
in EAD 
(baseline)

HAMD 
in EAD 
(week 10)

Сortisol 
in EAD 
(week 10)

SCORAD baseline M r 0.474
0.013*

0.174
0.386

0.154
0.570

0.653
0.006**p

SCORAD baseline F r 0.162
0.403

0.265
0.165

0.615
0.009**

0.369
0.145p

SORAD week 10 M r 0.583
0.004**

–0.571
0.006**

0.538
0.058*

0.736
0.004**

–0.615
0.025*p

SORAD week 10 F r 0.445
0.029*

0.386
0.063

0.796
0.001**

0.062
0.884

0.354
0.214p

HAMD week 10 M r –0.071
0.752

–0.253
0.256

0.118
0.701

–0.663
0.013*

HAMD week 10 f p 0.267
0.207

–0.124
0.564

–0.310
0.281

–0.512
0.611r

AD, atopic dermatitis; EAD, extrinsic atopic dermatitis; SCORAD, Scoring of Atopic Dermatitis; IgE, immunoglobulin E; HAMD, Hamilton Depression 
Rating Scale; M, males; F, females; r, Spearman’s rank correlation coefficient; p, significance; * p ≤ 0.05; ** p < 0.01.
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served here both in terms of dermatological and depres-
sion scores.

Earlier investigations implicating the role of cortisol 
levels in AD pathophysiology reported conflicting results; 
however, there were no considerations of sex differences 
and IgE sensitization [15, 16, 36]. Our findings suggest an 
inverse association between severity of disease and corti-
sol levels according to AD subtype in male patients at 
study baseline (disease exacerbation) and study end (dis-
ease remission). Thus, whereas in EAD males cortisol lev-
els were higher at study baseline and reached HC levels at 
week 10, in IAD males cortisol was elevated by week 10. 
No such correlation with cortisol and any of the factors 
examined here in individuals emerged at disease onset. 
However, increased cortisone/cortisol levels have been 
recognized as a feedback mechanism presented in AD pa-
tients, which has also been observed to produce precur-
sors of anti-inflammatory eicosanoids [37]. Several stud-
ies reported an association between attenuated HPA axis 

response and severity of AD [14, 16, 38]. This corresponds 
with a shift toward the high end of the normal cortisol 
level range in IAD males and a negative correlation of 
cortisol levels and SCORAD scores in EAD males at dis-
ease regression. Elevated cortisol serum levels in EAD pa-
tients at disease exacerbation may be explained by acti-
vated HPA axis response caused by IgE antibody-mediat-
ed degranulation of mast cells [39]. In addition, increased 
cortisol in EAD males may be associated with sex hor-
mone activity. A number of in vivo and in vitro studies 
suggest that sex hormones regulate mast cell functionality 
and distribution [40]. Moreover, it is known that mast 
cells express androgen receptors, although their role is 
not fully understood [41, 42]. Interestingly, a negative 
correlation between cortisol levels and SCORAD scores 
in male patients with EAD at week 10 was observed. This 
correlation seems paradoxical and may also be attributed 
to the complex hormonal regulation in AD. This assump-
tion is supported by the earlier study of Herrscher et al. 
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Fig. 4. Serum cortisol in atopic dermatitis 
and healthy controls. Bars represent means 
(±SEM). White bars, study baseline; black 
bars, week 10; hatched bars, healthy con-
trols. Letters above bars are results of a 
Bonferroni means separation test analyzed 
within study week (two-way ANOVA): AD 
(a) [F(3, 192) = 5.043, p = 0.0022]; EAD (b) 
[F(3, 150) = 4.564, p = 0.0043]; IAD (c) 
[F(3, 132) = 3.783, p = 0.0121]. Comparison 
of male (d) and female (e) AD patients at 
study baseline and week 10 by IgE sensiti-
zation.
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[43], suggesting that physiological levels of serum cortisol 
can regulate IgE-dependent cutaneous inflammation by 
affecting the expression of cellular events at late phase 
sites. Thus, on the basis of evidence presented here, we 
may conclude that cortisol regulation in AD depends on 
biological sex and disease subtype (IgE sensitization). 

It is known that the cortisol level is associated with de-
pression [10, 11], while cortisol regulation is different and 
depends on depression form [44]. In all AD patients in 
this study, depression was observed (Fig. 3); however, as 
we mentioned above, cortisol levels were presented dif-
ferently by AD subtype and in a sex-dependent manner. 
Further, we can observe biological sex influence on sever-
ity of depression in AD, which corresponds with the re-
sults of other studies [45]. Although depression scores 
and cortisol levels in EAD males were decreased at week 
10, a negative correlation between cortisol and HAMD 
scores was revealed in these patients. These phenomena 
further indicate that pathophysiology of comorbid de-

pression in AD is a complex process and depends on bio-
logical sex and IgE sensitization. Thus, we may suppose a 
differential mechanism of comorbid depression in AD 
patients compared with major depressive disorder 
(MDD) patients who have elevated cortisol. Moreover, 
predominance of elevated depression scores in women 
compared with men only in EAD patients and correlation 
between HAMD and SCORAD scores in EAD males may 
link IgE to manifestation of depression in AD. Higher de-
pression scores in MDD females have been demonstrated 
in several studies [6, 46]. Further, cortisol levels are also 
found to be higher in women with MDD [47]. We assume 
that differences in sex- and AD disease subtype-depen-
dent levels of cortisol may reside in differences in im-
mune regulation under AD. Thus, sex and IgE sensitiza-
tion may influence the course and mechanism of comor-
bid depression in AD.

Testosterone and dehydroepiandrosterone produc-
tion is decreased in dermatological patients [22]. Altera-
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Fig. 5. Rescaled testosterone/cortisol ratios 
in atopic dermatitis and healthy controls. 
Dermatological patient data were rescaled 
relative to biological sex-matched healthy 
controls. Bars represent means (±SEM). 
White bars, study baseline; black bars, 
week 10; hatched bars, healthy controls. 
Letters above bars are results of a Bonfer-
roni means separation test (two-way ANO-
VA): AD (a) [F(3, 192) = 3.107, p = 0.0277; 
EAD (b) [F(3, 150) = 3.039, p = 0.0309]; 
IAD (c) (nonsignificant). Comparison of 
male (d) and female (e) AD patients at 
study baseline and week 10 by IgE sensiti-
zation.
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tion of testosterone levels may be differentiated in AD 
patients by biological sex: no alteration in women and 
decreased in men [48]. We did not find any significant 
changes in testosterone levels in AD patients, except the 
upward trend at week 10 (data not shown).

Cortisol has been suggested as a biological predictor of 
psychological variables that moderate the testosterone-
behavior relationship [49, 50] and may partially explain 
both sex-dependent disease exacerbation and psychiatric 
effects. A significantly lower testosterone/cortisol ratio in 
EAD males compared with HC at the exacerbation stage 
is most probably linked with elevated cortisol levels, but 
due to the fact that androgens are involved in pathophys-
iology of AD and results of this study showed only a ten-
dency of testosterone to increase at week 10, we may as-
sume an influence on the testosterone/cortisol ratio in 
AD. Sex differences in studied parameters of EAD pa-
tients – (i) significantly higher testosterone/cortisol ratio 
and HAMD scores in EAD females compared with males 
at study baseline, (ii) decline of testosterone/cortisol ratio 
compared with HC, and (iii) elevation of SCORAD scores 
compared with IAD individuals in EAD males – suggest 
that the testosterone/cortisol ratio may be linked with co-
morbid depression and severity of AD. 

This study demonstrates a distinctive and complex ef-
fect of IgE, cortisol, and biological sex on severity of AD 
and comorbid depression. The limitation of our study is 
the relatively small sample size, thus further studies are 
required to explore the link between sex differences in IgE 
sensitization and cortisol levels, which may be an impor-
tant hallmark in the etiology of AD and comorbid depres-
sion and may assist clinicians in making treatment deci-
sions of individual patients.

Key Message

Immunoglobulin E, cortisol, and biological sex possess distinc-
tive and complex effects in atopic dermatitis.
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