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Purpose: This study aimed to identify predictive factors and to develop a predictive model
for adrenal insufficiency (AI) related to topical corticosteroids use.
Methods: The research was conducted using a cross-sectional design. Adult patients with
dermatological conditions who had been prescribed topical steroids for at least 12 months by
the dermatology outpatient departments of the Faculty of Medicine, Chiang Mai University
from June through October 2020 were included. Data on potential predictors, including
baseline characteristics and laboratory investigations, were collected. The diagnoses of AI
were based on serum 8AM cortisol and low-dose ACTH stimulation tests. Multivariable
logistic regression was used for the derivation of the diagnostic score.
Results: Of the 42 patients, 17 (40.5%) had AI. The statistically significant predictive
factors for AI were greater body surface area of corticosteroids use, age <60 years, and
basal serum cortisol <7 µg/dL. In the final predictive model, duration of treatment was added
as a factor based on its clinical significance for AI. The four predictive factors with their
assigned scores were: body surface area involvement 10–30% (20), >30% (25); age <60
years old (15); basal serum cortisol of <7 µg/dL (30); and duration of treatment in years.
Risk of AI was categorized into three groups, low, intermediate and high risk, with total
scores of <25, 25–49 and ≥50, respectively. The predictive performance for the model was
0.92 based on area under the curve.
Conclusion: The predictive model for AI in patients using topical corticosteroids provides
guidance on the risk of AI to determine which patients should have dynamic ACTH
stimulation tests (high risk) and which need only close follow-up (intermediate and low
risk). Future validation of the model is warranted.
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Topical corticosteroids are frequently used for inflammatory skin diseases owing to
their anti-inflammatory and immunosuppressive effects. Common indications for
use include diseases such as psoriasis, eczema, atopic dermatitis, and vitiligo.1 In
clinical practice, a variety of delivery vehicles and potencies of topical corticoster
oids are used.1 Prolonged and/or inappropriate use of topical corticosteroids can
lead to adverse side effects.2 These adverse side effects can be categorized as
cutaneous and systemic side effects. The most common cutaneous side effect is
skin atrophy. Systemic side effects include hypothalamic-pituitary-adrenal (HPA)
axis suppression, glaucoma, hyperglycemia and hypertension.3
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One of the most worrisome adverse side effects from
the use of topical corticosteroids is adrenal insufficiency
(AI) resulting from HPA axis suppression. Topically
applied corticosteroids can be absorbed systemically
through the skin and can suppress the HPA axis.4–8 This
adverse outcome, the inability to increase cortisol produc
tion after stress, can lead to adrenal crisis, which is poten
tially life-threatening. Tests that are normally used to
diagnose or exclude AI include serum morning cortisol
and the dynamic ACTH stimulation test.9
Secondary AI from percutaneous absorption of topi
cal corticosteroids is less common than with parenteral or
oral administration. The cumulative doses and the dura
tions of oral corticosteroid therapy associated with HPA
axis suppression have been well documented.10 Data
regarding the dose and duration of oral corticosteroids
and HPA axis suppression have similarly been well
established. A study by Curtis et al reported that the
use of oral prednisolone >7.5 mg/day for an extended
period (>3 weeks) was linked to this adverse event, and
that the incidence increased with duration.10 However,
corresponding data for topical corticosteroids has been
limited. The degree of risk of HPA axis suppression from
topical corticosteroids use is associated with the level of
percutaneous absorption which, in turn, depends on
numerous factors including the age of the patient
(younger patients are more susceptible), body surface
area treated, quantity of topical corticosteroids used,
potency of the drug, duration of therapy, body region of
application, the associated compounds used, eg, urea or
salicylic acid, the characteristics of the diseased skin, the
degree of impairment of skin integrity, and the coexis
tence of hepatic and/or renal disease.11–13 One study
reported that HPA axis suppression occurs when high
potency steroids are administered at a cumulative dose
per week of >50 g.2
Presently, there is a lack of data on predictive factors
for AI and no predicative model of the relationship
between secondary AI resulting from HPA axis suppres
sion and topical corticosteroids use. A simple predictive
model which could help preclude and predict the risk of AI
which incorporates both demographic and biochemical
data could potentially reduce the number of dynamic
ACTH stimulation tests performed. This study aimed to
identify potential predictive factors and to design an easyto-use model for predicting the risk of AI following topical
corticosteroids use in dermatological patients.
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Materials and Methods
This cross-sectional study was conducted with 42 patients
who were seen at the dermatology outpatient departments
at the Faculty of Medicine, Chiang Mai University
Hospital over a 5-month period (June – October 2020).
The study protocol was approved by the Faculty of
Medicine, Chiang Mai University, Ethical Committee
(Ethical number: MED-2563-07037). Recruited partici
pants were adult dermatological patients (≥18 years) who
had used topical corticosteroids for at least 12 months.
Patients with pituitary or adrenal diseases, pregnant
women and patients who had been treated with either
systemic corticosteroids or other local corticosteroids
were excluded. Those who meet all the inclusion criteria
gave their informed consent prior to the study. This study
was conducted in accordance with the Declaration of
Helsinki.

Adrenal Function Evaluation
Adrenal function was evaluated by serum morning (8 AM)
cortisol and the low-dose ACTH stimulation test. Patients
were instructed to suspend use of topical corticosteroids for
at least 24 hours before serum morning cortisol measurement
and ACTH stimulation tests. In those with serum morning
cortisol between 3 and 17.9 µg/dL, ACTH stimulation tests
were performed on the same day between 9–11AM to either
exclude or diagnose AI. Serum cortisol concentrations were
measured at 8 AM 0 (basal cortisol) as well as 20 and 40
minutes after 5 µg ACTH was administered intravenously.

Data Collection
Epidemiological data collected included gender, age,
blood pressure, underlying dermatologic diseases, other
underlying diseases, body surface area involvement, sen
sitive area involvement, topical corticosteroid potency,
amount and duration of topical corticosteroids use, symp
toms of AI and the presence of Cushingoid features.
Biochemical data included serum cortisol at 8 AM, 0
(basal cortisol) and at 20 and 40 minutes after ACTH
intravenous injection, serum creatinine, electrolytes and
albumin. Serum cortisol levels were measured by electro
chemiluminescence assay (ECLIA) (Elecsys® Cortisol II
assay, Roche Diagnostics GmbH, Mannheim, Germany).

Definitions
An 8AM cortisol level of <3 µg/dL or a peak serum
cortisol level of <18 µg/dL at 20 or 40 minutes after an
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ACTH stimulation test was defined as having AI.14
Sensitive area involvement included the axilla, groin,
face and genitalia. Topical corticosteroids are classified
by potency based on a skin vasoconstriction assay, and
range from ultra-high potency (class I) to low potency
(class VII).15 Since some patients had concurrently used
more than one class of corticosteroids in one treatment
period, the new variable potency·dose·time (summary of
corticosteroids potency (I–VII)16 multiplied by total doses
(mg) of corticosteroids use and multiplied by duration
(months) of corticosteroids use) was created. Symptoms
of AI included lethargy, nausea and vomiting, orthostatic
hypotension and significant weight loss. Significant weight
loss was defined as a loss of 5% of body weight in one
month or a loss of 10% over a period of six months.17
Having Cushingoid features was defined as at least one of
the excess glucocorticoid features, eg, easy bruising, facial
plethora, proximal myopathy, striae, dorsocervical fat pad,
facial fullness, obesity, supraclavicular fullness, hirsutism,
decreased libido and menstrual abnormalities.

Statistical Analysis
All statistical analyses were performed using Stata 16
(StataCorp, College Station, Texas, USA). Categorical vari
ables are reported as frequency and percentage, while con
tinuous variables are reported as mean ± standard deviation
or median and interquartile range (IQR), according to their
distribution. For univariable comparison, Fisher’s exact
probability test was used for categorical variables, and the
independent t-test or the Mann–Whitney U-test was used for
continuous variables. p-values less than 0.05 were considered
statistically significant.
Multivariable logistic regression was used in the deri
vation of the prediction model for AI. Predictors with
significant p-values in the univariable analysis were
included in the multivariable model. We also included
age and treatment duration in the model due to the clinical
significance of those factors.4,18 The clinical collinearity
among the predictors was also evaluated before the selec
tion of the predictors. We generated a weighted score for
each predictor by dividing the logit coefficient of the
predictor by the lowest coefficient in the model. The dis
criminative ability of the final multivariable model was
assessed using the area under the receiver operating char
acteristics (ROC) curve. The calibration of the scores was
evaluated using the Hosmer-Lemeshow goodness-of-fit
test, where a p-value >0.01 was considered a good fit.
For clinical applicability, the appropriate cut-off points
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for the scores were identified based on sensitivity and
specificity. We identified one cut-off point with high sen
sitivity for ruling out AI and another cut-off point with
high specificity for ruling in AI. The positive predictive
value for each score category with its corresponding con
fidence interval were presented. A sample size of at least
25 patients with at least 5 patients with AI was estimated
to give 80% power at the 5% significance level.4 There
was no missing data in this study.

Results
Baseline characteristics and biochemical investigations
are shown in Table 1. Forty-two patients with dermato
logical diseases were included in this study. Of these, 17
patients (40.5%) had AI of whom 5 (29.4%) were female.
The mean age of the group was 56.5 ±15.4 years, the
mean duration of treatment was 10.1 ± 6 years, and the
majority of patients had psoriasis (n = 14, 82.4%). There
was no significant difference in sex, age, duration of
treatment, potency dose-time, comorbidities, or underly
ing skin disease between the AI and non-AI groups. The
average body surface area of corticosteroids use was
significantly higher in patients with AI than in the nonAI group (27.5 ±18.7 m2 and 10.7 ±11.7 m2, p < 0.001,
respectively). Basal serum cortisol levels were signifi
cantly lower in the AI group (6.52 ± 4.04 µg/dL) than
in the non-AI group (10.48 ± 3.45 µg/dL, p 0.003).
Although lower serum morning cortisol levels were
observed in the AI group, the difference was not statisti
cally significant (5.24 ± 4.65 µg/dL vs 13.39 ± 15.68 µg/
dL, p = 0.069). Three patients were identified as having
Cushingoid features. All patients with Cushingoid fea
tures had AI.
Based on the multivariate logistic regression analysis
(shown in Table 2), the significant predictive factors for
AI in patients who used topical corticosteroids for more
than 12 months were body surface area of corticosteroids
use of 10–30% and >30% (POR 18.9, p =0.042, and POR
59.2, p = 0.035, respectively), age less than 60 years
(POR 13.8, p = 0.04), and basal serum cortisol of <7
µg/dL (POR 131.5, p = 0.003). Only serum basal cortisol
was included in the final multivariable model as there
was clinical collinearity among serum morning cortisol
and basal cortisol as well as 20- and 40-minute cortisol
measurements.
Predictive risk score was created to determine the prob
ability of patients having AI using the aforementioned three
significant predictive factors from the multivariable analysis
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Table 1 Comparison of Clinical Characteristics Between Patients with a History of Topical Corticosteroids Use for at Least 12
Months Who Were Diagnosed with Adrenal Insufficiency and Those without Adrenal Insufficiency (n = 42)
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Clinical Characteristics

Female
Age (mean±SD)
Age <60 years

Adrenal Insufficiency (n = 17)

Without Adrenal Insufficiency (n = 25)

P-value

n

(%)

n

(%)

5
56.5

(29.4)
±15.4

15
57.4

(60.0)
±14.7

0.066
0.838

12

(70.6)

14

(56.0)

0.518

27.3

±5.4

24.8

±4.4

0.126

Psoriasis
Atopic dermatitis

14
1

(82.4)
(5.9)

14
2

(56.0)
(8.0)

0.375

Eczema

1

(5.9)

5

(20.0)

Others

1

(5.9)

4

(16.0)

Diabetes mellitus
Hypertension

5
6

(29.4)
(35.3)

8
11

(32.0)
(44.0)

1.000
0.750

Cirrhosis

1

(5.9)

1

(4.0)

1.000

Dyslipidemia
Others

7
6

(41.2)
(35.3)

7
8

(28.0)
(32.0)

0.508
1.000

Body mass index (kg/m2) (mean±SD)
Skin diseases

Comorbidities

Body surface area involvement
(%) (mean±SD)

27.5

±18.7

10.7

±11.7

<0.001

<10
10–30

4
4

(25.5)
(23.5)

14
10

(56.0)
(40.0)

0.001

>30

9

(52.9)

1

(4.0)

8

(61.5)

2

(8.0)

0.001

Treatment duration (year), (mean±SD)

Serum cortisol 0 min <7 (µg/dl)

10.1

±6.0

8.0

±5.4

0.244

Potency·dose·time, (mean±SD)
Median (IQR)

282.5
147.4

±338.6
66.2, 303.5

221.0
80.3

±298.5
30.2, 339.2

0.539

3

(17.7)

0

(0)

0.059

Lethargy

0

(0)

1

(4.0)

1.000

Nausea and vomiting
Orthostatic hypotension

0
0

(0)
(0)

0
0

(0)
(0)

NA
NA

Weight loss

1

(4.0)

0

(0)

1.000

Serum morning cortisol (µg/dl), (mean ± SD)

5.24

4.65

13.39

15.68

0.069

Serum basal cortisol (µg/dl), (mean ± SD)

6.52

4.04

10.48

3.45

0.003

Serum cortisol at 20 min (µg/dl), (mean ± SD)
Serum cortisol at 40 min (µg/dl), (mean ± SD)

11.91
13.94

6.14
6.71

18.22
20.76

2.43
2.33

0.004
0.002

Serum creatinine (mg/dl), (mean ± SD)

1.04

0.30

1.80

4.20

0.477

Serum sodium (mmol/L), (mean ± SD)
Serum potassium (mmol/L), (mean ± SD)

139.5
6.9

2.4
10.4

131.5
3.9

35.2
0.4

0.422
0.254

Serum bicarbonate (mmol/L), (mean ± SD)

24.8

2.0

25.7

2.0

0.255

Serum albumin (g/dl)

4.22

0.37

4.34

0.27

0.304

Cushingoid appearance
Symptoms of adrenal insufficiency

Abbreviations: SD, standard deviation; IQR, interquartile range; NA, not applicable.

(Table 2). As previous studies have demonstrated that dura
tion of treatment is a strong predictive factor for AI in
corticosteroid users,4,18 this factor was also incorporated in
the model. The transformed score for body surface area, age
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and basal serum cortisol had a range of 0 to 30. For treatment
duration, the transformed score was based on cumulative
years of treatment. The total score was categorized into
three groups: low, intermediate, and high risk (Table 3).
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Table 2 Multivariable Model for Prediction of Adrenal Insufficiency in Patients with a History of Topical Corticosteroids Use for at
Least 12 Months (n = 38)
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Predictors

POR

95% CI

P-value

Coefficient

Weighted Score

Age <60 years

13.8

1.1, 168.4

0.040

2.62

15

Serum cortisol at 0 min <7 µg/dL

131.5

5.3, 3242.6

0.003

4.88

30

Body surface area involvement
<10%

Ref

Ref

Ref

0

10–30%
>30%

18.9
59.2

1.1, 320.9
1.3, 2611.6

0.042
0.035

2.94
4.08

20
25

1.17

0.9, 1.5

0.164

0.16

1 x year

Total

90+year

Treatment duration (years)

Abbreviations: CI, confidence interval; POR, prevalence odds ratio; Ref, reference.

Table 3 Accuracy of the Score to Rule in and Rule Out Adrenal Insufficiency in Patients with a History of Topical Corticosteroids Use
for at Least 12 Months (n = 38)
Risk Level of Adrenal Insufficiency

Cut-Off Point

AI (n = 13)

<25

13

0

0 (0, 24.7)

25–49
≥50

7
6

12
0

36.8 (16.3, 61.6)
100 (54.1, 100)

Low
Intermediate
High

The cut-off point of ≥50 suggests high risk for devel
oping AI with a sensitivity of 46.2% and a specificity of
100%, a score of <25 suggests a low risk with a sensitivity
of 100% and a specificity of 52%, and a score between 25
and 49 indicates an intermediate risk of having AI. The
ROC curve for the model assessing predictive perfor
mance which included all significant factors had an
AuROC of 0.92 (Figure 1). The Hosmer-Lemeshow good
ness-of-fit test revealed non-statistically significant results
(p = 0.599), indicating that our newly derived scoring
system fits the data well.

Non-AI (n = 25)

Positive Predictive Value (95% CI)

basal cortisol), could potentially reduce the number of
dynamic ACTH stimulation tests performed, resulting in
cost- and time-saving for both patients and health-care
facilities.
Based on the proposed cut-off points, we suggest screening
of individuals at high risk for having AI, including serum
morning cortisol and the ACTH stimulation tests to confirm
a diagnosis of AI. If there is evidence of AI, the patient should

Discussion
The present study proposes an easy-to-use predictive model
for AI following topical corticosteroids use in dermatological
patients based on demographic and biochemical factors. The
accuracy of the model shows an excellent diagnostic accuracy
of 92% based on AuROC. Currently, the diagnosis of AI in
dermatological patients with topical corticosteroids use
involves multiple steps including screening for serum morning
cortisol followed by dynamic ACTH stimulation testing. The
proposed simple predictive model, which requires only three
demographic data items (age, body surface area of corticoster
oids use, duration of use) and one biochemical test (serum

International Journal of General Medicine 2021:14
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begin to receive treatment for AI to reduce future complica
tions. For those in the low-risk group, only clinical follow-up
should be carried out. In the intermediate-risk group, we
recommend regular and close biochemical follow-up includ
ing serum morning cortisol and clinical follow-up for signs
and symptoms of AI. Signs and symptoms that should raise
a high index of suspicion for AI include significant weight
loss, nausea and/or vomiting, orthostatic hypotension and
lethargy. However, this proposed predictive model was studied
in adults and cannot simply be generalized and extrapolated to
children or infants.
In our study, 40.5% of the patients were determined to
have AI. A previous meta-analysis by Broersen et al reported
the percentage of patients with AI secondary to all potencies
of topical corticosteroids based on a review of 15 studies was
4.7%, 95% CI (1.1–18.5%).19 The higher prevalence of AI in
our study could be a result of differences in patients’ baseline
characteristics, eg, duration of treatment, corticosteroids
potency and body surface area involvement.
In the predictive model, we incorporated both clinical
and biochemical factors which are easy to obtain in actual
clinical practice. Some of those predictive factors have
been previously reported to be linked to AI. Body surface
area of corticosteroids use larger than 10% found to be
significantly related to AI, especially in patients with
a lesion area of over 30%. This finding is consistent with
a study by Kerner et al which suggests the extent of sur
face area to which the corticosteroids are applied may
influence absorption of the drug.20 Regarding the age of
the patients, our study found that individuals over 60 years
old tended to be at high risk of AI following topical
corticosteroids therapy. The underlying explanation is
that the stratum corneum acts as a rate-limiting barrier to
percutaneous absorption as the stratum corneum in
younger individuals is thinner than in older people.
Diminished effectiveness of topical corticosteroid treat
ment in older people was demonstrated in a study by
Malzfeldt et al.21 Even though serum basal cortisol is not
recommended as a standard test to diagnose AI, a prior
study reported that it can be considered as an alternative
choice to diagnose AI when serum morning cortisol results
are not available. In fact, it has been reported that there is
no difference in diagnostic accuracy between serum morn
ing cortisol and basal cortisol22 which supports our finding
that serum basal cortisol <7 µg/dL is one of the significant
factors related to AI.
The final model found no statistically significant relation
ship between the incidence of AI and the duration of
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corticosteroids treatment. However, we decided to include
this factor in the final model since previous publications
have reported that the duration of treatment is a relevant
risk factor for developing AI following continuous topical
corticosteroids use. The duration of AI events has been
reported to vary between 2 weeks to 18 months.4,18
Additionally, a case report of AI demonstrated that 5 years
of topical corticosteroids use can cause AI.6 Together, this
suggests that patients with a longer duration of topical corti
costeroids use are at increased risk of AI, especially those
who also have other risk factors. Although both potency and
dosage of topical corticosteroids have been reported to be
significantly linked to HPA axis suppression, the present
study found only a non-significance link. This could be the
result of the small sample size as well as of other factors, eg,
body surface area involvement and serum cortisol levels,
which could have masked the association between potency
and dosage of topical corticosteroids with HPA suppression.
To the best of our knowledge, this study is the first to
use these novel predictive factors to develop a predictive
model for AI in patients using topical corticosteroids. This
model has multiple potential implications. First, the model
uses clinical and biochemical factors which are obtainable
in many institutes. Second, the model’s risk score provides
good diagnostic accuracy in terms of both sensitivity and
specificity. Finally, each of the predictive factors in the
model has an underlying pathophysiological explanation
and is not due simply to chance.
There are some limitations in this study. First, the sample
size is relatively small, although it does offer sufficient
statistical power for each of the predictive factors. Second,
further external validation is needed to validate the predic
tive performance of the model. Third, the cut-off level of
serum cortisol after ACTH stimulation test was based on the
older generation of ECLIA assay. There was a study pro
posed that the cut-off for serum cortisol in the newer gen
eration of cortisol assay should be lower (~14–15 µg/dL)
than the previous one (18 µg/dL).23 However, this proposed
cut-off has not yet been established in the current guideline
for AI. In the future, if the newer cut-off for serum cortisol
will have been employed in the standard guideline, our
predictive model may lead to overdiagnosis of AI.

Conclusions
The proposed predictive model uses both demographic and
biochemical factors to determine the risk of AI in dermato
logical patients following topical corticosteroids use with
a high level of diagnostic accuracy. This model has

International Journal of General Medicine 2021:14

International Journal of General Medicine downloaded from https://www.dovepress.com/ by 52.205.167.104 on 03-Dec-2021
For personal use only.

Dovepress

advantages in terms of a reduction in the number of dynamic
ACTH stimulation tests needed, thus saving time and
resources. Additionally, it can provide guidance to clinical
practitioners regarding which patients should be closely fol
lowed up for development of AI. Future external validation
of this predictive model is warranted.
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