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Patients with atopy exhibit reduced cortisol awakening response
but not cortisol concentrations during the rest of the day
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Abstract

It has been documented that cortisol release in response to acute stressors is reduced in patients with atopic dermatitis, allergic
rhinitis, and other atopic diseases compared to that in healthy subjects. We aimed to test the hypothesis that atopic patients exert
reduced salivary cortisol awakening response (CAR) in comparison with healthy subjects. The hypothesis was tested on a
stressful and a relax day selected subjectively. Moreover, we evaluated the impact of trait anxiety. The sample consisted of 60
subjects, out of which 28 were patients with atopy and 32 healthy volunteers of both sexes. Saliva samples were collected in the
morning to evaluate CAR as well as in the early afternoon and evening to look at cortisol concentrations during the rest of the day.
The results showed reduced CAR in atopic patients compared to that in healthy subjects. This effect was modulated by sex with a
significant difference observed in males. While CAR was reduced, atopic patients had unchanged cortisol concentrations
throughout the day. The evening cortisol was even higher in atopic patients. If the subjects were stratified according to the trait
anxiety, no significant differences in CAR between high and low anxiety were observed. No differences in cortisol variables
including CAR were observed between the stressful and relax day. In conclusion, this study presents evidence on reduced CAR
suggesting an insufficient HPA axis reactivity in atopy. Furthermore, the data in atopic patients demonstrate that reduced HPA
axis reactivity does not necessarily mean lower cortisol concentrations throughout the day. This might be of relevance to immune
system function and the course of the disease.
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Abbreviations Introduction

AUCg  Area under the curve relative to ground

CAR Cortisol awakening response It has been well documented that cortisol release in response
HPA Hypothalamic-pituitary-adrenocortical axis to acute stressors is reduced in patients with atopic diseases
Mnlnc  Mean increase compared to that in healthy subjects, more specifically in pa-
PSS Perceived stress scale tients with atopic dermatitis [1, 2] and allergic rhinitis [3], as
STAI-T  State and trait anxiety inventory-trait version well as in a combined sample of both diagnoses [4, 5]. This

was accompanied by blunted responses of salivary alpha am-
ylase activity and aldosterone concentrations during acute
psychosocial stress [5].

Evaluation of cortisol secretion in allergic individuals is an
>4 D. Jezova important topic due to the immunosuppressive action of glu-

daniela jezova@savba sk cocorticoids [6] and their role in suppressing allergic inflam-
mation as well as promoting Thl to Th2 immune response
shift on the longer term [7]. Stress and stress hormones there-
fore play an important role in the onset and exacerbation of

Department of Psychology, Faculty of Arts, Comenius University,
Bratislava, Slovakia

Laboratory of Pharmacological Neuroendocrinology, Institute of

Experimental Endocrinology, Biomedical Research Center of the various atopic manifestations. Prominence of psychological
Slovak Academy of Sciences, Bratislava, Slovakia factors in atopy is underlined by the fact that atopic diseases
3 Department of Pharmacology and Toxicology, Faculty of Pharmacy, ~ are associated with high trait anxiety, and worse emotional
Comenius University, Bratislava, Slovakia regulation [8, 9]. Interestingly, blunted cortisol stress

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12026-019-09076-w&domain=pdf
http://orcid.org/0000-0003-1932-2950
mailto:daniela.jezova@savba.sk

Immunol Res (2019) 67:176-181

177

reactivity was also found in healthy subjects with high trait
anxiety [10], which is similar to previously mentioned find-
ings in allergic patients.

One of the main characteristics of the hypothalamic-
pituitary-adrenocortical (HPA) axis and particularly cortisol
release is the known rhythmicity throughout the day with
highest values in the morning and lowest concentrations in
the evening [11, 12]. A special feature is the cortisol awaken-
ing response (CAR), which has been intensively studied after
the measurement of cortisol in saliva became available [13,
14]. CAR is a rapid increase in cortisol secretory activity fol-
lowing morning awakening. In healthy adults, it has a magni-
tude ranging from 50 to 150% increase in salivary cortisol
concentrations [15, 16]. Increased CAR was previously asso-
ciated with increased daily demands [17] and acute stress [18];
however, blunting of CAR was reported in chronic stress [19],
as well as in burnout [20]. CAR was found to be reduced in
subjects with high trait anxiety [21, 22]; however, there are
also contradicting reports [23].

With respect to patients with atopic diseases and CAR,
little information has been obtained so far. A cross-sectional
study in asthmatic children failed to establish a link between
CAR and further progression of the disease [24]. A cognitive
behavioral intervention in adult patients with atopic dermatitis
led to reduced CAR; however, no comparisons with healthy
subjects were performed [25].

Based on the reduced salivary cortisol responses during
acute psychosocial stress situations in patients with atopy,
we aimed to test the hypothesis that atopic patients exert re-
duced salivary CAR in comparison with healthy subjects.
Additional samples of saliva for cortisol measurement were
collected in the early afternoon and evening to get information
on cortisol secretion throughout the day. Purposely, we re-
cruited both patients and healthy subjects with either high or
low trait anxiety to be able to distinguish the effects of atopy
and high trait anxiety. Moreover, we expected increased CAR
on a subjectively selected stressful day compared to a day of
leisure.

Material and methods
Research sample

Seventy-three volunteers were originally recruited to partici-
pate in this naturalistic design study. The sample consisted of
students from Comenius University, Bratislava, as well as
patients recruited from ambulant allergologists in Slovakia.
All subjects were between 18 and 35 years old, with mean
age 22.3 years, SD =2.74. Inclusion criteria to the atopic
group were based on diagnosis of atopic dermatitis or allergic
rhinitis diagnosed by a clinician, and the occurrence of allergic
symptoms for at least 2 years. All participants in the non-

atopic condition had no history of atopy in their anamnesis.
Exclusion criteria for participation in this study were any other
chronic conditions that could seriously influence the results
(e.g., cardiovascular, endocrine, psychiatric diseases), use of
corticosteroid medication at least a month before the sam-
pling, antihistaminics at the time of the sampling, or any other
medication that could be a confounder (e.g., antibiotics).

Besides atopy, the sample was also analyzed based on dif-
ferences in their trait anxiety. The sample was divided into
high and low anxious groups based on their score in state
and trait anxiety inventory (STAI-T). Cutoff raw scores of
below 40 for low anxiety and above 45 for high anxiety were
used similarly to previous studies in Slovak population [10,
26]. People who scored in between these boundaries were not
included in the study.

Due to subject dropout during the study, missing or insuf-
ficient data, reported significant delays in CAR sampling, and
other reasons, 13 subjects were excluded from the study, leav-
ing us with the final sample of 60 subjects (see the
characteristics of the participants in Table 1). The study was
approved by the Ethics Committee of the Trnava Self-
Governing Region, Slovakia. All subjects provided written
informed consent prior to participating in the study.

Study design

This study used domestic setting for data acquisition. Subjects
performed the saliva sampling at home, kept the samples re-
frigerated, and handed them to the research team on the fol-
lowing day. The sampling was done during two previously
agreed days, one selected by the participant as subjectively
stressful, and the other one selected as relax. Here we aimed
to look how the subjective anticipation of stress or relax days
impacts the CAR.

Collection of salivary samples was performed via sterile
salivettes (Sallivette, Sarstedt, UK). On each of the selected
days, subjects took five separate saliva samples, first sample
(S1) right at the awakening, then 15 min (S2) and 30 min later
(S3), as well as in the afternoon at 14:00 (S4) and in the
evening at 20:00 (S5).

Subjects were instructed to take the first sample imme-
diately after awakening, to write down the time of the
awakening, as well as the times of the later samples.
Subjects were also instructed to refrain from behaviors
that could influence the cortisol values (such as brushing
teeth, eating, chewing a gum etc.) before the first sample,
and in between S1 and S3, as well as 15 min before all
subsequent samples.

After the collection, samples were frozen at —20 °C and
transported to the laboratory for analysis. Cortisol levels in the
samples were determined using a commercially available
enzyme-linked immunosorbent assay (IBL International,
Hamburg, Germany).
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Table 1 Characteristics of the

research sample (means = SEM) Research group Research sample (7 = 60) BMI Age
Al/atopy 28 subjects, 11 males, 17 females. 22.51 +0.60 20.82 +0.62
A2/healthy 32 subjects, 12 males, 20 females 21.19 +0.35 20.13 +0.39
Bl/low anxiety 35 subjects, 14 males, 21 females 21.07 +0.54 20.40 +0.50
B2/high anxiety 25 subjects, 9 males, 16 females 22.37 +0.42 20.49 +0.50

Psychological measures

To determine trait anxiety, the Slovak version of STAI-T [27]
was used. The scale consists of 20 self-statements, to which
participants respond on a four-point scale. Besides anxiety,
experienced stress was also measured and investigated as a
covariate. Actual experience during the subjectively selected
stressful and relax days was monitored by participant’s assess-
ment of their state using stress-related adjectives and enumer-
ation of actual potentially stressful events. More long-term
stress experience was measured via perceived stress scale
(PSS) which is a ten-item scale that reflects on the experiences
of the last few weeks [28].

Quantification of CAR

As for the measures of CAR, we calculated the two most
commonly used parameters in literature, namely the mean
increase in cortisol (MnlInc)' that captures the dynamic in-
crease of salivary cortisol from awakening to CAR peak
[29], and the area under the curve relative to ground
(AUCG)2 [16, 30]. Besides CAR, cortisol concentrations in
the individual samples throughout the day were also
investigated.

Statistical modeling

To investigate both between and within subject effects, mixed
regression modeling was used. This approach is appropriate
for multiple repeated measures with both fixed and random
parameters [31]. Investigated models included binary factors
of sex, atopy, trait anxiety, and their interactions, while the
covariates of awakening time and phase of the menstrual cycle
were also checked consistently with CAR methodological rec-
ommendations [29]. Data from two research days were includ-
ed as repeated measures with compound symmetry covariance
structure. Statistical analyses were performed in IBM SPSS 20
software.

As the salivary cortisol concentrations in individual sam-
ples and CAR variables were positively skewed, data were
transformed by logl0 to get normal distribution before the
statistical modeling.

TNl = (59-51)
2 CARAUCG = (SZ51' 83452
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Results

Experienced stress on adjective scale and PSS scale as evalu-
ated by related samples ¢ test differed significantly between
the two measurement days—subjectively selected stressful
and relax day. However, when looked at the cortisol concen-
trations, we found no differences between the “stressful” and
“relax” days in any of the salivary cortisol variables including
CAR (data not shown). Moreover, experienced stress (PSS
score) did not correlate with any of the salivary cortisol vari-
ables (data not shown).

In the CAR Mnlnc, significant interactions between atopy
and subject’s sex explained the largest portion of the variance
(F1, 54=5.92, p<0.05). Main effect of atopy was also sig-
nificant (£ s4y=5.65, p <0.05; parameter estimate =—0.33;

=—3.04, p<0.01), with lower Mnlnc observed in allergic
subjects. Similar, but non-significant trend was present in trait
anxiety; with interaction of trait anxiety and sex (F(;, s¢)=
3.54, p=0.07), and main effect of trait anxiety (F(;, s¢ =
2.49, p=0.12; parameter estimate=—10.25; r=—2.17,
p <0.05). Main effect of sex was not significant (p =0.10).

As there were significant interactions between atopy and
participant’s sex, we also looked at the effects of atopy in men
and women separately. In women, there were no differences
explainable by atopy (p =0.95), nor trait anxiety (p =0.78).
However, in men, the differences due to atopy (F;, 24,=6.91,
p <0.05) were present. Similar, but non-significant, effect was
observed also for trait anxiety (F(;, 24)=3.75, p=0.07) (see
Fig. 1).

In a different model, which used CAR AUCg as outcome
measure, there were no significant main effects of atopy (p =
0.56), trait anxiety (p =0.23), nor their interactions with par-
ticipant’s sex (data not shown). Similarly, no main effect of
sex on CAR AUCg was found (p =0.27).

Next to CAR, the course of cortisol changes throughout the
day, as measured in all time points (S1-S5), were evaluated. In
the mixed modeling with the data from all cortisol samples,
we found main effect of time (Fi4, 126)=157.32, p<0.01),
confirming the daily cortisol rhythm (Fig. 2).

With respect to individual time points, no significant dif-
ference explainable by atopy or trait anxiety was observed in
the awakening sample (S1) and afternoon sample (S4). In the
evening sample (S5), cortisol concentrations were higher in
atopic subjects, but this effect was only significant in log-
transformed values (F;, 5s3y=4.01, p <0.05) (Fig. 2a).
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Among the investigated covariates, the awakening time did
not show any statistical significant effect in MnlInc (p = 0.96)
nor in S1 (p =0.68). Mean awakening time in atopic subjects
was 7:41 am. (SEM =8.75 min) and 7:44 a.m. (SEM =
8.51 min) in healthy subjects. The difference between the
awakening times evaluated by # test was not significant. The
same applied to sex differences in awakening time. Similarly,
the phase of the menstrual cycle in women was not significant
for CAR or any of the salivary cortisol measures (data not
shown).

Discussion

The present results show reduced CAR in atopic patients com-
pared to that in healthy subjects. This effect was modulated by
subject sex with a clear difference observed in males. While
CAR was reduced, atopic patients did not show reduced over-
all cortisol secretion throughout the day. The differences in

a
Evening C (log10)
14 -
05 .
04
12 | —o—Healthy 03 I
-e- Atopic 0.2
0.1
10 - time: p<0.01 o

Atopic Healthy

-~
-~
~~a
-~
~~
-
=~

Mean cortisol concentration (ng/ml)

CAR
0 T T T T I

S1 S2 s3 s4 S5
Morning Afternoon Evening

Fig. 2 Changes in salivary cortisol concentrations throughout the day in
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CAR between persons with high and low trait anxiety were
not statistically significant, though the concentrations were
lower in anxious subjects. There were no differences in
CAR due to the subjectively evaluated stressfulness of the
sampling day.

Present finding of reduced CAR (Mnlnc) in atopic subjects
in comparison to healthy controls point towards a difference in
HPA axis responsiveness in atopy. To our knowledge, there
are no reports focused on CAR in patients with atopy. Buske-
Kirschbaum et al. [3] reported no significant differences in
morning cortisol values; however, no further information on
the CAR evaluation was included. A part of the TRAILS
study (Tracking adolescents’ individual lives survey) [24]
failed to establish a link between CAR and asthma progres-
sion. However, the measurements were done only on 1 day in
children (11 years old), together with assessment of asthma
symptoms at that time and in the follow-ups 3 and 5 years
later. Another study by Schut et al. [25] measured the effects
of cognitive behavioral intervention on CAR in atopic
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evening cortisol concentrations. Statistical significance as revealed by
linear mixed modeling. *p < 0.05. Data are given as means + SEM
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dermatitis; however, while the authors described significant
effect of the intervention, no comparison of atopic and healthy
individuals was provided. On the other hand, the present find-
ing of blunted CAR in atopy is consistent with the previously
shown blunted cortisol responses to stressors [2, 3, 5].

Reduced CAR in atopy was dependent on subject’s sex, as
the interaction between sex and atopy explained the most var-
iance in the model. When modeling Mnlnc separately in males
and females, we found significantly blunted CAR in atopic
males only. In healthy people, women were initially reported
to have higher CAR when compared to men [14, 20]; howev-
er, there were problems with replication of these findings [32].
A detailed review on factors influencing CAR [15] concluded
that the impact of sex on CAR is likely to by small. The
present results in the whole sample are consistent with this
conclusion. The blunted CAR in atopic patients observed in
the present study allows the suggestion that sex differences
may occur under pathological conditions.

Interestingly, reduced cortisol response at awakening was not
accompanied by lower cortisol concentrations throughout the
day. Moreover, evening cortisol concentrations (after logarith-
mic transformation) were higher in atopic subjects compared to
healthy subjects. So far, salivary cortisol concentrations in atopy
have been investigated mainly in context with acute stress re-
sponses [3] with less attention given to basal cortisol secretion.
Despite lower activation at the time of awakening, the subjects
with atopy did not show reduced cortisol concentrations during
the rest of the day. This might be of relevance to immune system
function and the course of the disease.

With respect to trait anxiety, we did not find any statistical-
ly significant differences in CAR. Only a trend to lower
Mnlnc was observed in males with high trait anxiety when
males were analyzed separately. This is in agreement with
reports on blunted CAR in anxious persons [21, 22], as well
as the findings of blunted cortisol stress reactivity in men with
high trait anxiety [10, 26].

The data on neurobiological mechanisms of reduced CAR in
atopic patients are not available. Based on animal studies show-
ing altered glucocorticoid and cytokine response to an immune
challenge in rats with low and high anxiety [33], we may hy-
pothesize that immune alterations in atopic patients exhibiting
higher anxiety may contribute to the lower CAR observed.
With respect to other neuroendocrine parameters involved, an
overexpression of vasopressin in the paraventricular nucleus of
the hypothalamus has been suggested to contribute to the inhi-
bition of the HPA axis during social defeat in rats with high
anxiety behavior [34]. Thus, the mechanisms responsible for
the lower CAR in patients with atopy are likely to involve both
immune and neuroendocrine parameters.

It should be noted that all differences in CAR described
above were observed in Mnlnc and no significant effects were
found in the AUCg measure of CAR. This may be due to
lower sensitivity of AUCg to change, as it measures more
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overall cortisol secretion following awakening, while MnlInc
reflects a more dynamic aspect of CAR [30, 35].

When comparing the subjectively selected stressful and
relax days, we found no differences in CAR or cortisol con-
centrations in any of the time intervals studied. Previous in-
vestigations have shown that cortisol concentrations do not
necessarily correspond with subjective experience [26, 36].
According to the results of Duncko et al. [26], there is an
observable discrepancy between subjectively reported stress
and neuroendocrine reactivity. We also have to consider that
only potent stressors, mainly those associated with uncontrol-
lable and social-evaluative elements of the situation, lead to
observable changes in cortisol secretion [37, 38].

A limitation of the present study is that awakening time and
sample times were recorded via subject’s self-assessment.
Another limitation of the study is relatively small and unequal
number of subjects in the groups based on atopy, trait anxiety,
and sex.

In conclusion, this study presents evidence on reduced
CAR in people suffering from atopic diseases. This novel
finding is consistent with reduced cortisol responses during
psychosocial stress and allow suggesting an insufficient
HPA axis reactivity in atopy. In atopic patients, significant
sex differences were revealed showing reduced CAR in male
subjects only. The reduced CAR was not accompanied by
lower cortisol concentrations during the day. No relationship
between CAR or any of the cortisol measures and
stressfulness of the day, or more long-term stress perception
(PSS) were present in the whole sample. The present data in
atopic patients demonstrate that reduced HPA axis reactivity
does not necessarily mean lower cortisol concentrations
throughout the day.
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