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patients with atopic dermatitis

Nutan, A. J. Kanwar, A. Bhansali', D. Parsad

ABSTRACT

Background: Most of the research on atopic dermatitis (AD) has focused on the
pathophysiological role of the immune system in AD, and the role of endocrine signals in
the pathology of AD has not been explored. Current research has shown a link between
the neuroendocrine and immune functions. Aim: The aim was to measure the serum basal
cortisol levels and cortisol levels following a low-dose ACTH stimulation test in patients with
AD before and after treatment with corticosteroids. Methods: Three groups of patients with
AD were evaluated: mild, moderate, and severe. Basal cortisol levels following an ACTH
stimulation test were measured before and after treatment with topical steroids when an
improvement in the disease activity by 75% as determined by the SCORAD index was
observed. Results: Eighteen patients of the severe group at baseline showed an impaired
hypothalamic—pituitary—adrenal (HPA) axis with cortisol levels <250 nmol/I during their first
visit. A total of 13 of 18 patients regained their HPA axis activity when the baseline cortisol was
measured after using topical corticosteroids which resulted in 75% improvement in the disease
activity. Conclusions: The disease activity rather than the use of topical costicosteroids is
responsible for the low basal levels in patients with severe AD.
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and provoking factors are involved. Predisposing
factors include genetics and the disturbance of skin

Atopic dermatitis (AD) is an inflammatory skin disease
characterized by the hyperactivity of the humoral
immune system with an onset in infancy or early
childhood. Its prevalence is currently estimated to be
in the range of 10-15% in most parts of the world with
an increasing incidence in the recent times."*

multifactorial. A
immunopathogenic,

The pathogenesis of AD is
number of predisposing,
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function. Immunopathogenic factors include T-cell
dysfunction, biphasic cytokine expression, and the
role of immunoglobulin E. Provoking factors include
microbial factors, psychosomatic interactions, contact
allergens and irritants, inhalant allergens, food, and
climate.P!

Patients with allergic disorders have been noted to have
variations in cortisol patterns under natural conditions
as well as a differential cortisol response to stress. A
growing number of animal data strongly suggest that
a hyporeactive hypothalamic—pituitary—adrenal (HPA)
axis may be pathologically significant by increasing
the susceptibility to chronic inflammation.!!

HPA axis suppression has been observed after the use
of corticosteroids, topical as well as systemic in some
studies.® This potential adverse effect is a source of
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concern for the dermatologists since currently topical
corticosteroids form the mainstay of therapy for AD.
However, in a recent study it has been observed that
HPA axis suppression as assessed by basal cortisol
levels in patients with AD is related to the disease
activity. As the disease improves after intensive therapy
with topical corticosteroids, HPA axis functioning is
restored.™

Stress increasingly has been recognized as an important
factor in the pathogenesis of AD, but responses to
stress are variable and dependent on the existing
psychologic foundation of the patient and family.
Stressful events often have been observed to occur
before an AD exacerbation.”® Children with AD have
been shown to be more susceptible to stress-induced
skin eruptions because of a hyporesponsive HPA axis,
which blunts body’s natural ability to produce cortisol
and suppress inflammation in response to stress.!!

The aim of the current study was to investigate
basal serum cortisol levels in AD patients with
mild, moderate, and severe disease during disease
exacerbation and after treatment with topical steroids.
Also, the level of HPA axis aberration if any was
accessed by performing ACTH stimulation in these
patients.

METHODS

Sixty-two patients of AD in equal proportion of mild,
moderate, and severe cases attending the Pediatric
Dermatology Clinic of the Department of Dermatology,
Venerology and Leprology at the Nehru Hospital
attached to Post Graduate Institute of Chandigarh were
enrolled for the study. Patients in the age group of 6
months to 16 years with diagnosis of AD satisfying the
criteria by Hanifin and Rajka™® and who had not used
corticosteroids in the past 3 months in any form were
included.

Exclusion criteria were the presence of concomitant
serious skin disorders, clinically overt skin infection,
bronchial asthma, immunocompromised states, and
systemic infections.

Investigations

Basal serum cortisol levels in all the patients were
determined at 08:00 am on week 0 and repeated when
the SCORAD index improved by 75% of the initial
score. ACTH, 1 ug I.V., was injected after cannulation.

Hypothalamopituitaryadrenal axis in AD

Blood cortisol was measured at 30 and 60 min after
injection. This was carried out at week 0 and after an
improvement in the SCORAD index of 75% in all the
three groups.

A value of 250 nmol/l at 08:00 am was assigned as the
cut-off for the basal serum cortisol levels, i.e., 0-min
cortisol levels. After 1-ug injection of ACTH, the 30-
min cut-off level for serum cortisol was assigned as
550 nmol/l, and for 60 min after the injection, the cut-
off level was again assigned as 550 nmol/1.['*12

Disease activity

The severity of patients was recorded according to the
SCORAD index as mild, moderate, or severe at week 0
thatis, at their first visit. Patients were assessed initially
after 2 weeks and later every week with the SCORAD
index for their disease activity until their SCORAD
index improved by 75% of the initial score. They were
followed for a maximum period of 12 weeks. If the
patients did not respond to betamethasone within this
duration they were excluded from the study.

Statistical evaluation

Statistical analysis was performed using SPSS for
Windows 97. The cortisol levels and results of the
ACTH stimulation test were correlated with the
severity of the disease. The correlation between
the cortisol levels before and after treatment was
performed. An association between variables was
tested using Fisher’s exact test. Differences in median
values between independent variables were tested
using the Mann-Whitney test. The Spearman rank
correlation value was used to measure corelations
between variables.

RESULTS

Sixty-two patients diagnosed with AD attending
the Pediatric Dermatology Clinic of Department of
Dermatology, Venerology and Leprology were enrolled
in the study. No patient was lost to follow-up. The
age of the study population ranged from 6 months to
16 years with a mean (£SD) age of 6.95 years (*£4.50
years). The study population comprised 23 girls (37%)
and 39 (62.9%) boys. The total duration of illness
was 5.40 years (*3.97 years) with the exacerbation
of the symptoms lasting for 1 month (+0.41 months).
A family history of atopy was positive in 22 patients
(36.5%) and negative in 40 (64.5%). A history of other
allergies was positive in 34 (54.8%) patients and was
absent in 28 (45.2%) patients.
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Disease activity

The mean (=SD) SCORAD index of the mild group
was 11.35 (%=2.44) on the first visit which decreased to
6.33 (+2.13) 2 weeks after follow-up, and in the final
visit was 2.35 (£0.94). The moderate group patients
had a mean (£SD) value of 23.95 (=3.25) on the first
visit which following treatment decreased to 13.92
(+£3.21) and finally was 5.11 (*£1.44). The SCORAD
index recorded by the severe group during the first
visit was 44.27 (%5.60); the second visit showed a
score of 23.07 (+6.37) and the final visit showed a
score of 10.33 (£3.71)..

Topical corsticosteroid use

The mild group used a mean of 155 g (=25 g) of topical
steroid (0.10% betamethasone valerate) over the period
of treatment. The moderate group used 250 g (25 g)
of topical steroid for 75% improvement in the disease
activity. The severe group used 450 g (+45 g) of topical
steroid during the study period.

Cortisol cut-offs for the mild AD group

In mild AD, there were eight patients showing values
below the cut-off on the first visit. After improvement
in the disease, 10 patients showed values below the
cut-off. This was not found to be statistically significant
(P-value 0.727). When the levels of serum cortisol after
30 min of 1-ug ACTH stimulation were measured, the
following results were seen. All the values were > 550
nmol/l during the first visit. On follow-up, after the last
visit, five values were found to be < 550 nmol/l. This
was found to be tending toward statistical significance
(P-value 0.063; Table 1).

Cortisol cut-offs for the moderate AD group

In the moderate group, the behavior of cortisol levels
was found to be slightly different from the mild group.
The baseline cortisol level of <250 nmol/l was recorded
in seven patients during the first visit. The repeat
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baseline cortisol after 75% disease improvement was
<250 nmol/l in 13 patients. These findings on further
analysis were not found to be statistically significant
(P-value = 0.146). In four patients 30 min following
ACTH stimulation both at the first visit and during the
follow-up visit, a level of <550 nmol/l was recorded.
The difference was not found to be statistically
significant (P-value = 1.000).

Cortisol cut-offs for the severe AD group

The majority, i.e., 18 patients, of the severe group
showed cortisol levels of <250 nmol/l atbaseline during
their first visit. The number of patients decreased to 5
when the baseline cortisol was remeasured after 75%
improvement in the disease activity. This was found
to be statistically significant (P-value = 0.001). After
30 min of the ACTH stimulation test, 18 patients of
the severe group failed to respond, with their cortisol
levels being <550 nmol/l. This changed drastically
after improvement in their disease status when only
1 out of 20 patients failed to respond. A statistically
significant difference was found with a P-value
<0.001.

DISCUSSION

In this prospective, parallel cohort study of 62 AD
patients, it was demonstrated that half the patients
with AD have low basal cortisol levels and this is
more marked in patients with severe AD. Patients with
severe AD had low basal serum cortisol levels and
post ACTH stimulated cortisol levels at baseline even
before initiation of treatment with topical steroids.
After the application of topical steroids, there was a
recovery of the HPA axis in 98% of patients.

The 08:00 am serum cortisol level of <250nmol/l
was taken as the cut-off for adequate adrenal gland
functioning." In 20 patients with severe AD, the

Table 1: Summary of the results — patients with serum cortisol levels below the cut-off levels across the three groups

Mild n = 21 P-value Moderate n = 21 P-value Severe n = 20 P-value
Before After Before After Before After
treatment treatment treatment treatment treatment treatment

Baseline cortisol levels 8 10 0.727 13 0.146 18 5 0.001
(<250 nmol/l)*

30 min after ACTH 0 5 0.063 4 1.000 18 1 0.000
stimulation (<550 nmol/l)*

60 min after ACTH 0 3 0.250 1 1.000 18 0 0.000

stimulation (<550 nmol/l)*

The above table shows the behavior of the patients in the different groups with respect to their 08:00 am cortisol levels and 30 min and 60 min post-ACTH

stimulation cortisol levels, *Considered subnormal cortisol levels
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baseline serum cortisol level at 08:00 am was 90.85
nmol/l before treatment; out of those, 18 patients had
a morning value of <250 nmol/l and even after 1-ug
ACTH stimulation, they did not qualify for the optimal
reserve volume (>550 nmol/l). After treatment, the
mean serum cortisol levels improved in this group
and only five patients had a baseline serum cortisol
level of <250 nmol/l and interestingly all patients had
a serum cortisol level of >550 nmol/l after 1-ug ACTH
stimulation suggesting the recovery of the HPA axis.

The above observations seem to be consistent with
the results of the study by Elison™® et al., in which
35 patients were divided into four groups depending
on whether they received mild, moderate, or potent/
very potent topical preparations with group 4
receiving steroids through other routes too. They
found that on low-dose synacthen stimulation test, the
groups receiving mild and moderate topical steroids
responded but the other two groups failed to show an
adequate response.

Topical betamethasone valerate was not found to cause
significant adrenal suppression in any of the three
groups. A literature search gives conflicting results
with studies showing strong evidence of adrenal
hypofunction with clinically reversible adrenal
insufficiency observed on rare occasions following
a topical steroid application. In a study involving 18
patients of AD with greater than 30% body surface
involvement using twice daily preparation in an
ointment form, no HPA axis suppression was found
after a continuous 4-week application.[" Risk factors
for adrenal suppression have been elucidated in the
form of use of high-potency corticosteroids, occlusive
or prolonged treatment application, and use in thin-
skinned areas.!"’!

In a recent study where 25 patients with severe AD
who needed hospitalization and 28 outpatients with
moderate disease were compared for their basal cortisol
levels, it was found that inpatients’ cortisol levels were
significantly lower than those of the outpatient group.
It was also found that at the time of discharge, there
was a significant increase in the basal cortisol level in
the inpatient group.®

Another study was performed with a total of 45 severe
AD patients who were hospitalized and divided into
two groups based on the history of receiving a topical
steroid in prior 3 months (group 2) and no history of
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receiving topical steroids (group 1). The serum cortisol
levels and response to ACTH was found to be decreased
in both the groups and this improved following
treatment with topical steroids only in group 1 while
no increase or decrease in cortisol levels or response
to ACTH was found in group 2. They concluded that
the suppression of the adrenal cortex was the result
of both percutaneous absorption of corticosteroids as
well as other factors related to the disease.!"®

In the immune system, neuropeptides are involved in
the integration of intraimmune regulation and in the
bidirectional communication between the immune
and the neuroendocrine systems. Neuropeptides are
ubiquitous throughout the body. When the higher
cortical centers are activated by stress, there is an
increased secretion of substance P from the adrenal
glands.”! Centrally, it serves as a brain peptide that
is easily released by psychosocial stress, triggering or
exacerbating itching, especially in patients with AD.["%

Newborns with atopic predisposition have been
observed to have a hyperreactivity of their HPA axis
while in long-term AD patients, a hyporeactivity of
the same has been documented.” This phenomenon
can be explained by switching of the HPA axis from a
hyperreactive state to a hyporeactive state. While there
are no data yet to support this hypothesis directly, there
are some factors which can explain this. The long-term
release of proinflammatory cytokines decreases HPA
responsiveness by increasing the negative feedback
secondary to an increased endogenous cortisol level
and chronic stress has been linked to a blunted HPA
axis in studies of animal models.!*"

In another study, AD patients showed reduced
responsiveness of the HPA axis and increased reactivity
of the sympathetic adrenomedullary system. It may
be assumed that the inability to exert an appropriate
HPA axis or SAM system response and to generate
an adequate regulatory signal for the immunological
target cell could increase the risk for aberrant immune
functioning, especially under stressful conditions.
Also, recent findings suggest that the activation of
both systems appears to promote TH, cell function and
suppress TH, cell activity probably via the suppression
of TL-12.[20)

The following conclusions can be drawn from this
study. Topical mid-potent corticosteroids do not cause
a depression of the HPA axis when used over an
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average of 3 months to control disease exacerbation in
patients with AD. In patients with severe exacerbation,
the serum cortisol levels are suppressed by the disease
activity per se and not due to the application of topical
corticosteroids. There is a brisk recovery in the basal
cortisol levels when the patients’ disease activity
improved by 75%.

When the ACTH stimulation test was performed it was
found that patients with severe AD did not show a
significant response when the disease was active. This
could indicate that during disease exacerbation, the
adrenals are not adequately responding to stimulation.
Therefore, patients with severe AD may need
glucocorticoid replacement during periods of stress.
Paradoxically, when the ACTH stimulation test was
repeated after recovery from the disease exacerbation
in the severe group response was recorded in all
the patients. This indicates that HPA axis recovered
following an improvement in the disease severity.

In the mild and moderate group even though following
topical steroid treatment there was a marginal increase
in the number of patients whose cortisol levels
decreased below the threshold levels for the basal
cortisol activity, this was not found to be statistically
significant. Post-ACTH stimulation test values at
30 min were concordant with the 60-min response
and therefore 30-min values are validated to see the
response following ACTH stimulation.

The basal cut-off was 250 nm/] taken at 08:00 am and
all those patients who had a value of = 250 nmol/l
qualified the ACTH stimulation test also as a value of
=550 nmol/l was defined. However, out of 33 patients
who had basal cortisol levels <250 nmol/l, only 11
qualified and the rest did not suggesting that the 08:00
am value of = 250nmol/l has 100% PPV which is in
consonance with the literature showing a sensitivity
of 95% in various studies.

CONCLUSIONS

Corticosteroids in various forms are the mainstay
of treatment for patients with AD. There remains a
phobia among public and doctors about the use of
steroids for the various side effects that they may
cause in the patients especially adrenal suppression.
This study makes a strong case for the use of topical
corticosteroids in patients with severe AD without
the complication of HPA suppression by the steroids
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themselves. In fact, the steroids act as a supplement
to the body when the HPA axis is hyporeactive during
active inflammation as seen in this study. Not all
patients in AD may develop severe disease during
their disease course but the ones who do develop
severe AD may represent a subset of population which
is inherently susceptible to severe disease because of
the deregulatory HPA axis. In this particular subset,
it may actually be worthwhile to keep the patients on
regular topical steroids to prevent the risk of acute
exacerbations without any HPA axis suppression
issues. Therefore, the practical utility of this study lies
in the fact that when doctors describe strong topical
corticosteroids in patients with severe AD, they may do
so without the fear of HPA axis suppression. Also, this
may be the reason why topical calcinuerin inhibitors
are found to be not so effective in controlling severe
AD.

More trials will be needed to further confirm these
results. This study brings out an interesting concept in
the pathophysiology of severe AD which needs further
studies to document if the HPA axis attenuation is one
of the causes for chronic inflammation in AD or is the
result of inflammation.
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