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Purpose: Endocrinological complications of an epidural steroid injection (ESI) are rare but

dangerous. Nevertheless, despite the associated risks, repeated long-term ESIs are indispen-

sable in some clinical situations. However, only a few reports to date have assessed the safety

of this procedure. In this study, we evaluate the incidence of adrenal insufficiency (AI) and

Cushing’s syndrome after long-term ESIs.

Methods: This clinical observational study enrolled herniated nucleus pulposus or spinal

stenosis patients who had received ESIs over a period of six months or longer. The

adrenocorticotropic hormone (ACTH) stimulation test was performed to confirm AI and

the late-night salivary cortisol (LNSC) test was performed to diagnose Cushing’s syndrome.

To evaluate the hypothalamus pituitary adrenal axis suppression, salivary cortisol (SC) levels

were measured on days 0, 1, 7, 21, 28, 35, and 42.

Results: This study included 17 patients. Among these, two patients (11.8%) developed AI,

but no cases of Cushing’s syndrome were reported. There was no predictor for the develop-

ment of AI. The SC levels tended to increase with time after an ESI (β = 0.003). The slope of

the mixed effect model between the AI and non-AI groups showed a significant difference (p

value = 0.015). However, the differences in mean SC levels at each time point between the

two groups were not significant (adjusted p value = 0.053).

Conclusion: Long-term ESI use may be associated with AI development. An unexpected

adrenal crisis due to AI could be life threatening. Therefore, regular monitoring of adrenal

function in patients who have received long-term ESIs may be prudent.
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Introduction
An epidural steroid injection (ESI) is frequently performed for patients with

herniated nucleus pulposus (HNP) or spinal stenosis because of its efficacy and

simplicity in comparison with spine surgery.1 Complications of ESIs are uncommon

and are classified into generic, pharmacologic, and site-specific complications.2,3 In

this study, we focused on adrenal insufficiency (AI), Cushing’s syndrome, and

hypothalamus pituitary adrenal (HPA) axis suppression because these could be

associated with repeated exposure to excess iatrogenic glucocorticoids.

Due to a lack of adequate information regarding the pharmacokinetics and

pharmacodynamics of epidural steroid, there is an absence of a universal consensus
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among providers in regard to steroid dosage, the number

of procedures, and the interval between procedures for

ESIs.4 Many doctors perform an ESI empirically or follow

the rules used in other steroid injections such as intraarti-

cular steroid injection.5,6 Considering the risk-to-benefit

ratio of an ESI in comparison to spine surgery, decisions

regarding the number of ESIs and how long ESIs can be

conducted safely will always remain challenging to

clinicians.

HPA axis suppression occurs in most of the patients

who receive ESIs.7,8 In severe cases, it can cause sec-

ondary AI, which increases mortality and morbidity and

impairs patients’ quality of life. Although long-term

exogenous glucocorticoid intake is an uncommon cause

of AI, it can induce suppression of the HPA axis, which

is mediated by downregulation of endogenous adreno-

corticotropic hormone (ACTH) release.9 The common

symptoms of AI are fatigue, loss of appetite, weight

loss, nausea, vomiting, abdominal pain, and muscle and

joint pain, which are nonspecific and therefore do not

facilitate easy diagnosis. Moreover, specific symptoms

such as hyperpigmentation, salt craving, and postural

hypotension are uncommon in exogenous glucocorticoid-

induced AI because the mineralocorticoid axis is intact.9

Therefore, an early diagnosis of exogenous glucocorti-

coid-induced AI is challenging for physicians.

Diagnosis of AI involves several steps.9 The first step is

“clinical suspicion of AI with symptoms and signs,” fol-

lowed by the “ACTH stimulation test,” which involves

measurement of serum cortisol levels at baseline and after

injection of 250 μg of cosyntropin (at 30 and 60 min). If the

peak cortisol level is below 18~20 μg/dL, it suggests AI. In

addition, baseline levels of plasma ACTH, serum cortisol,

renin, aldosterone, dehydroepiandrosterone (DHEA),

sodium, potassium, serum 17-hydroxyprogesterone, anti-

body against 21-hydroxylase and the adrenal cortex, adrenal

imaging data, pituitary gland MRI findings, and other data

are required for differential diagnosis and confirmation of

disease cause.10

Salivary cortisol (SC) measurement is a reliable

method for assaying biologically active free cortisol.8,11

Although AI cannot be diagnosed by SC measurement

alone, it is a useful tool to evaluate the HPA axis.12

However, late-night salivary cortisol (LNSC) measure-

ment, usually performed between 2300 and 2400, is

a very sensitive and specific diagnostic method for

Cushing’s syndrome.12–15

The hypothesis of this preliminary study was that the

longer the duration of ESIs or the greater the dosage of the

injected steroid, the longer the period of HPA suppression.

The primary objective of the study was to evaluate the risk

of AI in long-term ESIs. The secondary objective was to

evaluate the incidence of iatrogenic Cushing’s syndrome.

Materials and Methods
Study Design and Setting
This preliminary observational study included 20 patients

who had received multiple ESIs over six months or longer

at a university hospital from November 2014 through

February 2015. They participated in the study for 6

weeks after the last ESI. The Institutional Review Board

of the Catholic University of Korea approved the protocols

for this study (SC13OISI0092). This study was conducted

in accordance with the Declaration of Helsinki. All

patients provided written informed consent to participate

in the study.

Participants
Inclusion criteria were as follows: adults aged over 50

years; men and postmenopausal women; patients who

had received multiple ESIs over six months or longer,

a period that was defined from the date of their first ESI

to their enrollment date, based on their medical record.

Whether the ESIs had been performed regularly was not

considered important. We considered patients who had

received multiple ESIs, defined as ESIs that were per-

formed more than three times a year. Patients diagnosed

with lumbar HNP or spinal stenosis on the basis of symp-

toms (pain nature, pain location, neurogenic intermittent

claudication, pain aggravating or relieving factors, etc.),

signs (straight leg raising test, sensory, motor, deep tendon

reflex, etc.), and magnetic resonance imaging (MRI) find-

ings. Exclusion factors were as follows: patients absolutely

contraindicated for an ESI (bleeding tendency and infec-

tion at the procedure site); patients who could not take

corticosteroids (allergy to steroid agents, pregnancy, all

endocrinological diseases); patients with chronic medical

illnesses (hypertension, heart failure, renal disease, liver

disease, etc.) or sleep disturbances; patients taking herbal

medicine or contraceptives; patients who had experienced

severe stress including emotional stress, interpersonal rela-

tionships deterioration, and so forth during the preceding

month; and patients who had consumed alcohol for 12

hours or food one hour before sampling. When the
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participants were enrolled, they received an ESI and vis-

ited the hospital on the 42nd day.

All participants received a single epidural injection of

20 mg triamcinolone acetonide using transforaminal

approach under C-arm guidance, in order to observe their

response to the epidural steroid. Since intravascular injection

of triamcinolone acetonide can affect drug pharmacokinetics,

contrast medium was used to rule out intravascular injection.

Tomonitor their sequential response to a single-dose epidural

steroid, none of the participants received additional ESIs

during the 42-day follow-up period.

Variables and Bias
The primary outcomes of this study were the results of the

ACTH stimulation test to diagnose AI and the early morn-

ing SC concentration to evaluate HPA suppression. The

secondary outcomes were LNSC concentration to assess

the iatrogenic Cushing’s syndrome, symptoms and signs,

numeric rating scale (NRS) scores (0, no pain; 10, the worst

pain imaginable), fasting blood sugar (FBS) levels, serum

ACTH levels, etc. Among these, SC concentration could be

a potential confounder because of its circadian rhythm and

age, seasonal, and gender differences.16 Therefore, this vari-

able was obtained at the same time (0700~0800 h or

2300~2400 h), similar age (above 50 years old), and same

season (winter in Korea). In addition, postmenopausal

women were selected to minimize the effect of sex hor-

mones. The diagnostic criteria for diseases in this study

were as follows: AI, peak serum cortisol concentration

<18 μg/dL after parenteral administration of 250 μg
cosyntropin;9 iatrogenic Cushing’s syndrome, LNSC >

0.34 μg/dL (negative predictive value 100%);17 HPA sup-

pression, normalization of early morning SC concentration

on day 42 (reference ranges: 0.1 μg/dL ~ 1.0 μg/dL).18,19

Other variables were demographic data such as diag-

nosis, age, gender, and body mass index (BMI), total ESI

treatment duration in months, the total dosage of steroid

administered during the entire ESI period, the total number

of ESIs, and SC normality on day 0 (D0) and day 42

(D42). The duration of the ESI treatments in months was

defined as the period from the date of the patient’s first ESI

to their enrollment date, which was based on their medical

record, the total number of ESIs was defined as the num-

ber of performed ESIs during that period from the date of

their first ESI to their enrollment date. The time criteria for

all the variables applied in this study were within the

patient’s lifetime, which was confirmed during their

screening session.

Data Sources and Measurement
The data were collected before the single-dose epidural ster-

oid was injection (D0) and on day 1 (D1), day 7 (D7), day 21

(D21), day 28 (D28), day 35 (D35), day 41 (D41), and D42

after the ESI. Before the ESI (D0), demographic data, NRS

score, FBS level, and SC concentration were measured. On

D1, D7, D21, D28, D35, D41, andD42 after the ESI, salivary

samples were collected. The sampling time was determined

in a previous pilot study, ie, HPA axis function was sup-

pressed after the ESI until D21.8 Saliva was obtained from

the participants by using a commercially available cotton

sampling device, Salivette (Salimetrics, State College, PA,

USA). Participants were instructed to rinse their mouth thor-

oughly with water 10 minutes before sample collection. They

stored their saliva sample in a freezer compartment. Salivary

samples were frozen at or below −20°C within 4 hours after

collection.19 On D42, the participants revisited the hospital

with their saliva samples in a cooler. All saliva samples

except the D41 sample were obtained at early morning

(0700~0800), but the D41 sample was collected at late

night (2300~2400) for diagnosis of Cushing’s syndrome.

SC concentration was measured by ELISA using the

VersaMax ELISA Microplate Reader (Molecular Devices,

Sunnyvale, CA, USA). On D42, ACTH testing was per-

formed in addition to the pretests of serum ACTH concentra-

tions, NRS levels, and FBS levels.

Statistical Methods
R language version 3.3.3 (R Foundation for Statistical

Computing, Vienna, Austria) and T&F program ver. 2.9

(YooJin BioSoft, Seoul, Korea) were used for all statistical

analyses. Data were expressed as mean ± standard deviation

(SD) for continuous variables. Student’s t test or Mann–

Whitney test were performed to compare mean differences

between the AI and non-AI groups. For categorical variables,

data were expressed as sample number and percentage,

N (%). Fisher’s exact test was used to test the association

between complications and other categorical variables. For

multiple test correction, FDR (false discovery rate) was

adopted. Univariate binary logistic regression analysis was

performed to analyze the effect of each clinical measurement

on AI. A linear mixed effect model was generated to analyze

the fixed effects of time and other baseline variables on the

SC, where time and each variable were used as fixed-effect

covariates with the random effect of intercept and slope of

time for subjects. The slope of SC derived from the mixed

effect model was compared between the AI and non-AI
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groups using Mann–Whitney U-test. Lattice plots were gen-

erated to compare the time trend of responses for each patient.

Results
Participants and Descriptive Data
Twenty participants were examined for eligibility, and all

participants were included in the study. Among these,

three participants were excluded because one was lost

to follow-up and the others had missing data for their

salivary samples (Figure 1). The demographic and clin-

ical data of the participants are analyzed in Table 1.

Before the enrollment, all participants had not been

receiving ESIs at fixed time intervals, rather they were

receiving them irregularly in 2–6 week intervals, depend-

ing on the patients’ pain intensity. When the subject’s

pain intensity was below NRS 3/10, ESIs were not per-

formed (Table 2).

Incidence of AI and Iatrogenic Cushing’s
Syndrome
In this study, AI after long-term ESIs was observed in two out

of 17 patients (11.8%), but none of the subjects showed

iatrogenic Cushing’s syndrome (Table 2). There was no

difference in diagnosis, age, gender, BMI, duration of ESIs

treatment, total dose of steroid, total dose/body weight, total

number of ESIs, serumACTH level onD0, and SC normality

on D0, but there was a statistically significant difference (p

value = 0.022) in SC normality on D42 between AI and non-

AI participants (Table 1). SC normality on D42 did not

appear to be a regressor but was a result of AI development.

Assessed for eligibility 
(n = 20)

Epidural steroid injection 
(n = 20)

Analysed (n = 17)

Lost to follow-up (n = 1)

Missing data for the salivary samples (n = 2)

Figure 1 Flow diagram of the study.

Table 1 Demographic and Clinical Characteristics of Variables

Variables Subgroup N (%) AI Non-AI p value

Subject 17 (100) 2 (11.8) 15 (88.2)

Diagnosis 17 (100) 1

HNP 15 (88.2) 2 (100) 13 (86.7)

Spinal

stenosis

2 (11.8) 0 (0) 2 (13.3)

Age, years 17 (100) 56.5 ± 6.4 63.5 ± 9.4 0.331

Sex 17 (100) 1

M 4 (23.5) 0 (0) 4 (26.7)

F 13 (76.5) 2 (100) 11 (73.3)

BMI, kg/m2 17 (100) 23.1 ± 0.6 23.1 ± 2.2 0.987

Duration of pain

before

enrollment

17 (100) 31.0 ± 1.4 30.7 ± 24.5 0.369

Location of pain Back 8 (47.1) 1 (50) 7 (46.7)

Leg 4 (23.5) 1 (50) 3 (20.0)

Back &

Leg

5 (29.4) 0 (0) 5 (33.3)

Total duration of

ESIs, months

17 (100) 26.0 ± 1.4 16.9 ± 8.5 0.176

Total dose of

steroid, mg

17 (100) 270.0 ±

42.4

228.0 ±

96.1

0.550

Total dose/body

weight, mg/kg

17 (100) 4.7 ± 0.7 4.0 ± 1.8 0.551

Total numbers of

ESIs

17 (100) 16.5 ± 2.1 12.3 ± 8.1 0.486

Numbers of

ESIs/years, N/

years

17 (100) 7.7 ± 1.3 7.4 ± 3.3 0.529

Serum ACTH,

pg/mL

17 (100) 22.4 ±

23.2

30.5 ±

17.4

0.558

SC normality on

D0

17 (100) 1

No 7 (41.2) 1 (50) 6 (40)

Yes 10 (58.8) 1 (50) 9 (60)

SC normality on

D42

17 (100) 0.022*

No 3 (17.6) 2 (100) 1 (6.7)

Yes 14 (82.4) 0 (0) 14 (93.3)

Notes: Categorical variables were expressed as subject numbers (N) and %.

Continuous variables are expressed as mean ± standard deviation (SD). *p < 0.05

compare DO to D42 (Student’s t-test).
Abbreviations: AI, adrenal insufficiency; BMI, body mass index; ESI, epidural

steroid injection; ACTH, adrenocorticotropic hormone; SC, salivary cortisol;

D0, day 0; D42, day 42; and HNP, herniated nucleus pulposus.
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Analysis of the Factors Associated with

the Incidence of AI
The authors analyzed the association of predictors with the

incidence of AI using univariate binary logistic regression

analysis (Table 3). Factors evaluated for their predictive

value were diagnosis, age, gender, BMI, duration of ESIs,

total dose of steroid, total number of ESIs, serum ACTH

level, and serum cortisol level on D42, and FBS on D0.

However, there was no associated predictor.

Analyses of the Trend of Repeated SC

Measurements According to the

Existence of Complications
Time was the only factor that affected SC concentration

with a fixed effect with a result that adjusted with random

effect and baseline covariates (p value = 0.002), ie, only

the SC level increased according to time (β = 0.003)

(Table 4). The slope of the mixed effect model represented

the SC increment rate, which was measured for each sub-

ject. There was significant difference in the slope of the

mixed effect model between the AI and non-AI groups

(Table 5, Figure 2). When the SC trend of each subject was

observed with a lattice plot, the AI patients’ slope of the

mixed effect model was nearly zero (Figure 3). However,

in the analyses of the difference in mean SC levels that

were measured at each time point between the AI and non-

AI groups, there was no statistically significant intergroup

difference (adjusted p value = 0.053) (Table 6, Figure 4).

Discussion
Among seventeen patients who had received long-term

(17.9 ± 8.4 months) ESIs, two patients developed AI. No

subject developed iatrogenic Cushing syndrome. Among

the patients who developed AI, the SC concentration did

not recover until 42 days after an ESI in comparison with

other patients who had normal adrenal function. There was

a significant difference in the slope of the mixed effect

model between the AI and non-AI groups (p value =

0.015). However, there was no statistically significant dif-

ference in the mean SC at each time point between both

groups (adjusted p value = 0.053).

In the largest cohort study on ESIs, El-Yahchouchi

reported that the incidence of ESI-related complications

Table 2 Results of ACTH Stimulation Test, LNSC, Symptoms of AI, Cushing’s Syndrome, Total Duration of ESIs in Months, and Total

Number of ESIs

Subjects SeC0,

μg/dL

SeC30,

μg/dL

SeC60,

μg/dL

LNSC,

μg/dL

AI Sx

(Y/N)

CS Sx

(Y/N)

Total Duration of ESIs in

Months

Total Number

of ESIs

1 10.08 16.12 27.23 0.049 N N 63 24

2 14.32 27.66 33.18 0.049 N N 68 25

3* 4.66 9.89 12.84 0.034 N N 27 15

4 22.13 29.52 33.21 0.271 N N 17 8

5 1.53 16.03 22.43 0.306 N N 14 10

6 11.30 18.39 25.08 0.201 N N 6 6

8 12.49 27.54 21.76 0.014 N N 6 7

9 6.68 24.20 26.35 0.012 N N 55 30

10 17.40 26.48 33.00 0.188 N N 20 14

11 10.79 20.67 24.51 0.166 N N 11 6

12 9.04 18.49 25.99 0.207 N N 6 4

13 9.15 26.33 30.81 0.042 N N 70 15

14 8.41 23.11 26.80 0.032 N N 24 15

15 13.25 29.13 30.76 0.248 N N 16 8

16 8.49 19.50 23.94 0.030 N N 20 6

17* 1.18 5.12 6.85 0.027 N N 25 18

18 22.22 28.27 34.19 0.048 N N 6 6

Notes: The diagnostic criterion for adrenal insufficiency was peak serum cortisol concentration <18 μg/dL after parenteral administration of 250 μg cosyntropin (ACTH

stimulation test). Serum cortisol concentration was measured at baseline, 30 minutes, 60 minutes after 250 μg of cosyntropin injection. The diagnostic criterion for

iatrogenic Cushing’s syndrome was LNSC > 0.34 μg/dL, which was measured during 2300~2400 on day 41. The symptoms of AI were fatigue, loss of appetite, weight loss,

nausea, vomiting, abdominal pain, and muscle and joint pain. Symptoms of Cushing’s syndrome were a moon face, central obesity, muscle and skin atrophy, poorly controlled

diabetes, and extreme physical stress. * were AI subjects. There was no subject with Cushing’s syndrome in this study.

Abbreviations: SeC0, serum cortisol at baseline; SeC30, serum cortisol at 30 minutes; SeC60, serum cortisol at 60 minutes; ACTH, adrenocorticotropic hormone; LNSC,

late-night salivary cortisol; Sx, symptoms; AI, adrenal insufficiency; CS, Cushing’s syndrome; ESI, epidural steroid injection.
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was 2.6% of 16,638 procedures.20 Although they did not

analyze the relationship between the incidence of ESIs

complications and long-term epidural steroid use, most

complications were minor adverse effects such as flushing,

agitation, sleeplessness, and headache.20 In this study, the

incidence of AI in the cases of long-term ESIs was much

higher than we expected (11.8%). The prevalence of

secondary AI is rare, ranging between 150 and 280 cases

seen per million people (0.00015–0.00028%).21 However,

in the results of univariate binary logistic regression ana-

lysis using the incidence of AI as response (Table 3), there

was no predictor that was associated with the incidence of

AI. This could be a false-positive or false-negative result

because of the small sample size, but we should consider

the individual differences. Generally, suppression of the

HPA axis is known to be associated with the duration of

steroid therapy, the dosage, and the serum half-life of the

steroid used; however there is an individual variability due

to differences in drug metabolism or sensitivity.22

HPA axis suppression by exogenous steroid intake is asso-

ciated with negative feedback loops for the corticotropin-

releasing hormone (CRH) and ACTH. This pathologic state

causes failure of pituitary ACTH and adrenal cortisol

release.22 The symptoms of iatrogenic AI were associated

with glucocorticoid deficiency, such as fatigue, lack of energy,

weight loss, anorexia, myalgia, joint pain, fever, normochro-

mic anemia, lymphocytosis, eosinophilia, slightly increased

TSH, hypoglycemia, low blood pressure, postural hypoten-

sion, and hyponatremia; however, chronic AI has relatively

Table 3 Results of Univariate Binary Logistic Regression Analysis

Using Incidence of AI as Response

Predictors Subgroup OR (95% CIs) p value

Diagnosis 0.997

Spinal stenosis

vs HNP

17792121.958 (0 - Inf) 0.997

Age, years 1.104 (0.906–1.345) 0.329

Age 0.993

60–69 vs 50–59 1.2 (0.059–24.473) 0.906

70–79 vs 50–59 62873202.581 (0 - Inf) 0.997

Sex 0.997

F vs M 0 (0 - Inf) 0.997

BMI, kg/m2 1.007 (0.483–2.097) 0.986

Duration of ESIs,

months

1.002 (0.935–1.073) 0.961

Duration of ESIs,

months

1

12–24 vs 6–12 1 (0 - Inf) 1

>24 vs 6–12 0 (0 - Inf) 0.998

Total dose of

steroid, mg

0.749 (0.427–1.315) 0.314

Total dose/body

weight, mg/kg

93568.213

(0–1025282875745282)

0.332

Total numbers of

ESIs

0.935 (0.781–1.121) 0.469

Total numbers of

ESIs

0.856

10–20 vs <10 0 (0 - Inf) 0.996

>20 vs <10 0 (0 - Inf) 0.996

Serum ACTH, pg/mL 1.041 (0.916–1.183) 0.538

Serum cortisol

(baseline), ug/dL

1.739 (0.922–3.282) 0.088

FBS on D0, mg/dL 1.05 (0.95–1.159) 0.341

Notes: There was no predictor that was associated with the incidence of AI after

long-term ESIs. Control response was non-AI and case response was AI.

Abbreviations: BMI, body mass index; ESI, epidural steroid injection; ACTH,

adrenocorticotropic hormone; FBS, fasting blood sugar; HNP, herniated nucleus

pulposus; AI, adrenal insufficiency.

Table 4 Fixed Effect of Time and Covariates

β SE p value

(Intercept) -0.246 0.290 0.410

Age 0.002 0.002 0.374

Sex 0.036 0.044 0.422

Total dose of ESIs -0.067 0.180 0.716

Total number of ESIs 0.001 0.002 0.758

BMI 0.007 0.009 0.453

Time 0.003 0.001 0.002

Notes: Time means days on which SC was measured days (D0, D1, D7, D21, D28,

D35, and D42). β is the coefficient of fixed effect and SE is standard error of β.
Abbreviations: SC, salivary cortisol; ESI, epidural steroid injection; BMI, body

mass index.

Table 5 Comparison of the Slope of SC Concentration Between

AI and Non-AI Groups

Variable N (%) AI (N = 2,

11.8%)

Non-AI (N

= 15,

88.2%)

p value

Slope of mixed

effect model

(SC)

17

(100)

0.000281 ±

0.000467

0.002814 ±

0.000328

0.015

Slope of linear

regression (SC)

17

(100)

−0.000764

± 0.001064

0.002953 ±

0.000566

0.059

Notes: Variables were expressed as mean ± standard error (SE). p value was

computed using Mann–Whitney U-test.
Abbreviations: SC, salivary cortisol; AI, adrenal insufficiency.
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nonspecific symptoms like fatigue and loss of energy.23

Because of these nonspecific symptoms, patients who have

received long-term ESIs would be exposed to the danger of an

unexpected adrenal crisis. Thus, regular monitoring of adrenal

function is required in the long-term ESI patients.

In this study, no Cushing’s syndrome patients were

reported unexpectedly. Although ESIs could be associated

with the development of iatrogenic Cushing’s syndrome, it is

a very rare complication and its incidence has not been reported

yet. In the patients receiving intraarticular corticosteroids,

Cushing’s syndrome developed in 5%of childrenwith juvenile

idiopathic arthritis who had received triamcinolone acetonide

and usually developed weeks after the last injection.24

It is not easy to diagnose AI or Cushing’s syndrome caused

by exogenous glucocorticoids because the symptoms are

nonspecific.5,9,22,25 The ACTH stimulation test is the most

useful method to diagnose an AI.9,26 The ACTH stimulation

test (250 μg of cosyntropin) for primary AI shows a diagnostic

value of 95% specificity and 97% sensitivity.27 However, its

sensitivity for secondary AI was not good: 57% (250 μg of

cosyntropin) and 61% (1 μg of cosyntropin).27 In this study,

the mixed effect model of SC that obtained measurements

over time was built. Its slope was significantly related to the

development of AI (p value < 0.05). Although the sample size

was small (17 subjects), it was helpful to diagnose or predict

AI. Moreover, it offered the advantage of non-invasiveness in

comparison with the ACTH stimulation test.

There were several limitations in this study. The major

potential limitation was the small sample size, especially

since there were only two AI patients. Because of this

limitation, we could not conduct sufficient statistical ana-

lyses. However, it should be considered that long-term

ESIs itself is an unusual situation, ie, ESIs are usually

applied three times a year restrictively,28 and AI is an

infrequent complication from ESIs. The second limitation

was selection bias. When the subjects were enrolled,

a sufficient number of examinations to exclude other con-

ditions that could affect the occurrence of AI or Cushing’s

syndrome were not conducted. However, the authors took

the patients’ medical history and performed their physical

examinations carefully. In our hospital, we usually follow

a standard treatment regimen for HNP or spinal stenosis,

ie, ESIs are applied three times a year restrictively.28 Most

of the patients in this study had refused spinal surgery for

a long time, and were chronic pain patients. A chronic pain

is known to be associated with hypocortisolism. Besides,

we did not evaluate subjects’ adrenal function before the

experimental ESI; therefore, we cannot confirm whether

AI developed due to the ESIs that the patients received or

not. However, these two patients did not show AI symp-

toms before the experimental ESI. On the basis of this

preliminary study, authors are planning a larger cohort

study to evaluate the incidence of AI in patients received

multiple ESIs. In addition, a future research to make an AI
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Figure 2 Comparison of the increment rate of SC concentration according to time between the AI group and non-AI groups. (A) Comparison of the mean difference of the

slope of the mixed effect model between the AI and non-AI groups expressed as 1/4Q, median, and 3/4Q. (B) Comparison of the mean difference of the slope of linear

regression between the AI group and non-AI groups expressed as 1/4Q, median, and 3/4Q. *p value < 0.05.

Abbreviations: SC, salivary cortisol; AI, adrenal insufficiency; Q, quartile.
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estimation model using the linear mixed effect model of

SC trend after ESIs could be considered and it will provide

an additional diagnostic method for AI.

In conclusion, long-term ESIs may be associated with

AI development. An unexpected adrenal crisis due to AI

could be life threatening; therefore, regular monitoring of

Population Mixed model Within-subject
,noitartnecnoclositroc

yravilaS
µg

/m
L

Time, weeks

Figure 3 Comparison of the trend of SC for each patient. Black dotted line is linear regression line estimated using population. Red dashed line is the fitted line estimated

using a mixed effect model. Blue solid line is linear regression line estimated using subject-specific data. Blue point circle is SC level measured at the corresponding time.

X axis shows the time represented as day. Cases 03 and 17 were AI subjects.

Abbreviations: SC, salivary cortisol; AI, adrenal insufficiency.

Table 6 Comparison of the Mean SC at Each Time Between the AI and Non-AI Groups

Variables N (%) AI (N = 2, 11.8%) Non-AI (N = 15, 88.2%) p value p value Adjusted by FDR

SC on D0 17 (100) 0.088 ± 0.026 0.155 ± 0.032 0.551 0.643

SC on D1 17 (100) 0.032 ± 0.003 0.036 ± 0.007 0.94 0.94

SC on D7 17 (100) 0.118 ± 0.065 0.199 ± 0.033 0.412 0.577

SC on D21 17 (100) 0.054 ± 0.026 0.203 ± 0.029 0.132 0.231

SC on D28 17 (100) 0.030 ± 0.015 0.186 ± 0.028 0.088 0.205

SC on D35 17 (100) 0.044 ± 0.014 0.248 ± 0.029 0.015 0.053

SC on D42 17 (100) 0.058 ± 0.003 0.222 ± 0.029 0.015 0.053

Notes: Variables were expressed as subject number (N) and % or mean ± standard error (SE). p value was computed using Mann–Whitney U-test and then adjusted with

FDR as a multiple test correction method.

Abbreviations: SC, salivary cortisol; AI, adrenal insufficiency; FDR, false discovery rate.
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adrenal function for patients who have been receiving

long-term ESIs may be prudent.
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