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Context:  Chronic opioid use may lead to adrenal insufficiency because of central suppression 
of the hypothalamic-pituitary-adrenal axis. However, the prevalence of opioid-induced adrenal 
insufficiency (OIAI) is unclear.

Objective:  To determine the prevalence of OIAI and to identify predictors for the development 
of OIAI in patients taking opioids for chronic pain.

Design:  Cross-sectional study, 2016-2018.

Setting:  Referral center.

Patients:  Adult patients taking chronic opioids admitted to the Pain Rehabilitation Center.

Main outcome measure:  Diagnosis of OIAI was considered if positive case detection (cortisol < 10 
mcg/dL, ACTH < 15 pg/mL, and dehydroepiandrosterone sulfate < 25 mcg/dL), and confirmed after 
endocrine evaluation. Daily morphine milligram equivalent (MME) was calculated.

Results:  In 102 patients (median age, 53 years [range, 22-83], 67% women), median daily MME 
was 60 mg (3-840), and median opioid therapy duration was 60 months (3-360). Abnormal case 
detection testing was found in 11 (10.8%) patients, and diagnosis of OIAI was made in 9 (9%). 
Patients with OIAI were on a higher daily MME (median, 140 [20-392] mg vs 57 [3-840] mg, 
P = 0.1), and demonstrated a 4 times higher cumulative opioid exposure (median of 13,440 vs 
3120 mg*months, P = 0.03). No patient taking <MME of 20 mg/day developed OIAI (sensitivity 
of 100% for MME > 20 mg); however, specificity of MME cutoff >20 mg was only 19%. After 
opioid discontinuation, 6/7 patients recovered adrenal function.

Conclusion:  The prevalence of OIAI was 9%, with MME cumulative exposure being the only 
predictor for OIAI development. Patients on MME of 20 mg/day and above should be monitored 
for OIAI. (J Clin Endocrinol Metab 105: e3766–e3775, 2020)
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Opioids are important agents in the treatment al-
gorithm of acute pain management and are still 

frequently used in chronic pain (1, 2). Despite ongoing 
efforts to minimize prescriptions, chronic opioid use 
remains widespread (3-5). Several adverse effects of 
opioids, such as constipation, sedation, and nausea 

Abbreviations:  CST, cosyntropin stimulation testing; DHEAS, dehydroepiandrosterone 
sulfate; HPA, hypothalamic-pituitary-adrenal; ITT, insulin tolerance test; MME, morphine 
milligram equivalent; OIAI, opioid-induced adrenal insufficiency; SF-36, Short Form 36.
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are well recognized; however, despite recent reports, 
opioid-induced endocrine dysfunction continues to be 
underappreciated, in particular opioid-induced adrenal 
insufficiency (OIAI) (6).

Opioid-induced endocrinopathies occur primarily  
as a consequence of hypothalamic-pituitary suppression 
(7-9), the most common of which is opioid-induced 
hypogonadism reported in 75% to 89% of men and 
23% to 67% of women (10-13) taking chronic opi-
oids. Several case reports and small heterogeneous 
studies have reported suppression of the hypothalamic-
pituitary-adrenal (HPA) axis in patients taking opi-
oids leading to OIAI, and occasionally even adrenal 
crisis (13-17). Symptoms of adrenal insufficiency may 
overlap with those of chronic noncancer pain, making 
their utility in the assessment of OIAI challenging 
(17). In addition, the impact of possible superimposed 
OIAI in overall symptomatology of those with chronic 
noncancer pain is not known. However, OIAI appears 
to be reversible as recovery of HPA axis following ces-
sation of opioids has been described (17).

The reported prevalence of OIAI varies widely 
between 8% and 50% (13, 18-21), estimated to be 
15% in a recent meta-analysis of 5 studies composed 
of 205 patients on differing opioid regimens (22). In 
addition, the method of diagnosis of OIAI varied and 
included a combination of subnormal serum cortisol 
and inappropriate/low ACTH, abnormal peak cortisol 
after cosyntropin stimulation, CRH stimulation, over-
night metyrapone test, or insulin tolerance test (ITT). 
The lack of established patient or opioid therapy spe-
cific risk factors for the development of OIAI is fur-
ther hampering the recognition of OIAI. Although 
several risk factors for the development of opioid-
induced hypogonadism have been reported, including 
long-acting opioids (23) or the use of high-dose opi-
oids (10), only 1 study to date has reported a 22.5% 
prevalence of OIAI in patients taking ≥25 morphine 
milligram equivalent (MME)/day (24), suggesting a 
dose-dependent effect.

In this study, we have applied a simple and feas-
ible case detection approach in a large consecutive co-
hort of patients treated with chronic opioids, taking 
advantage of a collaborative effort between the Pain 
Rehabilitation Center and Adrenal clinic. Our object-
ives were (1) to determine the prevalence of OIAI and 
characterize abnormalities in HPA axis assessments 
in a prospectively enrolled cohort of patients taking 
chronic opioids, (2) to identify risk factors for the de-
velopment of OIAI, and to (3) to determine any rela-
tionship between HPA axis abnormalities and success 
of opioid cessation.

Methods

Subjects
Patients admitted to the Pain Rehabilitation Center at 

Mayo Clinic, Rochester, between 2016 and 2018, were eli-
gible for participation. Only those patients who had provided 
authorization for research use of their medical record were 
included following Mayo Clinic institutional review board ap-
proval of the study. Inclusion criteria were: (1) age ≥18 years, 
(2) intermittent or continuous opioid use of at least 90 days, 
and (3) morning cortisol, dehydroepiandrosterone sulphate 
(DHEAS), and ACTH measurement on admission. Patients 
with known pituitary or adrenal dysfunction or exogenous 
oral or injectable glucocorticoid use within 3 months or top-
ical use within 48 hours were excluded. As a part of the Pain 
Rehabilitation Center evaluation protocol, all patients with 
cortisol < 10 mcg/dL, ACTH < 15 pg/mL, and DHEAS < 25 
mcg/dL were offered endocrine evaluation. The cutoffs were 
chosen after discussion with members of the adrenal endo-
crine group, after reviewing the literature (13, 19-21), as well 
as informed by the data from patients diagnosed with OIAI 
at our institution (2006-2016) (17). Diagnosis of OIAI was 
made based on endocrine evaluation including clinical and 
biochemical assessment, as well as exclusion of alternative 
etiologies of adrenal insufficiency. Each patient’s opioid daily 
dose was obtained and converted into an MME. Medical rec-
ords were reviewed for additional information. As a part of 
Pain Rehabilitation Center program, all patients taper and dis-
continue opioid therapy, undergo assessments of quality of life 
(36-Item Short Form Health Survey [SF-36]), physical func-
tion (5-minute walk), and pain intensity assessment at the time 
of program admission as well as at discharge (3 weeks later).

Self-reported measurements at pain 
rehabilitation clinic

Adjustment to chronic pain.   The Pain Severity and 
Pain Interference subscales of the West Haven-Yale 
Multidimensional Pain Inventory1 were used in all patients 
and have been previously assessed for reliability and validity 
(25, 26). Possible scores range from 0 to 6 for each subscale, 
with higher scores representing greater symptom severity and 
functional impairment, respectively.

Quality of life.   The Medical Outcomes Study, SF-36 (27) 
is a measure of 8 domains of health-related quality of life, 
including: general health perceptions, physical health func-
tions, mental health functioning, role limitations because of 
emotional problems, role limitations from physical health, 
bodily pain, vitality, and social functioning. The subscales can 
be combined into 2 summary scores: mental health-related 
quality of life and physical health-related quality of life. For 
this study, the general health perceptions scale and the 2 
quality of life composite scores were used. Items are rated on a 
Likert-type scale, which are then transformed into percentages 
(0-100). Lower scores reflect worse quality of life. Research 
supports strong psychometric properties for the measure, 
including high convergence with clinical data (28).

Physical performance measure.   A 5-minute walk test 
was used as a direct measure of physical performance. The 
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5-minute walk test measured walking speed and yielded a 
measure of distance traveled with good test-retest reliability 
(29).

Laboratory analysis
All patients using chronic opioids had morning cortisol, 

ACTH, and DHEAS measurement performed on program ad-
mission collected before 10 am and before opioid taper, and 
without holding the usual opioid therapy. Cortisol was meas-
ured using a competitive binding immunoenzymatic assay on 
the UniCel DxI 800 (Beckman Coulter, Brea, CA). ACTH was 
measured using Roche Elecsys ACTH assays (Los Angeles, 
CA). DHEAS was measured by automated chemiluminescent 
competitive immunoassay on the IMMULITE 2000 platform 
(Siemens Diagnostics, Tarrytown, NY).

Cosyntropin stimulation testing.   For those patients with 
abnormal results, cosyntropin stimulation testing (CST) was 
subsequently performed in the morning (8-10 am) at the 
Endocrine Testing Center, Division of Endocrinology, Diabetes, 
Metabolism, and Nutrition, at Mayo Clinic, Rochester, MN. 
An IV catheter was inserted into an antecubital vein for 
blood sample collections. Cosyntropin (Mylan Institutional, 
Amsterdam, Netherlands) was reconstituted with 2 mL 0.9% 
sodium chloride and administered over 30 seconds. Samples 
at baseline and 30 and 60 minutes following injection were 
obtained and analyzed for total cortisol measurements. The 
peak cortisol concentration was defined as the highest cortisol 
value after cosyntropin administration. The diagnosis of AI 
was considered on the basis of a peak total cortisol level of 
<18 mg/dL (30, 31).

Data analysis
Descriptive statistics were used to determine median and 

ranges, whereas categorical data were shown as a number of 
patients and percentage of sample. To assess the associations 
between variables nonparametric Wilcoxon/Kruskal-Wallis 
test was used for continuous variables and the χ 2 test was used 
for categorical variables. Subgroup analysis was performed on 
patients with and without OIAI. P values < 0.05 were con-
sidered significant. Data was analyzed using JMP software, 
version 10.

Results

Patients
In total, 102 patients (median age, 54 years [range, 

24-83], 66 [65%] women) met the inclusion criteria 
(Table 1). The most common reason for opioid use was 
back pain (38, 37%), followed by the lower and upper 
extremity pain (22, 22%), headache (10, 10%), and 
fibromyalgia pain (9, 9%). The most commonly used 
opioid agents were oxycodone (46, 45%), hydrocodone 
(33, 32%), fentanyl patch (19, 19%), and tramadol 
(16, 16%), with 40 patients (39%) using multiple types 
of opioids at the time of admission (Table 2). The me-
dian MME dose was 60  mg (range, 3-840) and me-
dian duration of opioid use was 60  months (range, 
3-360; Table 1). On admission, patients’ pain severity 
and interference were high, whereas general health and 
mental and physical health scores on the SF-36 survey 
were low (Table 3). By the end of the 3 weeks of pain re-
habilitation intervention, 101 (99%) patients were able 
to discontinue opioid therapy. At discharge, patients im-
proved their pain and quality of life, and demonstrated 
a better physical performance as measured by the 5-mi-
nute walk (Table 3).

Adrenal function.   Median morning cortisol concen-
tration was 13 mcg/dL (range, 1-37), median ACTH 
was 19 pg/mL (range, 5-97), and median DHEAS was 
60 mcg/dL (range, <15-379). Morning cortisol con-
centrations were directly correlated with both DHEAS 
(P = 0.03) and ACTH (P < 0.0001) (Fig. 1A, B).

Of 102 patients, 11 (10.8%) demonstrated ab-
normal case detection testing with ACTH ≤ 15 pg/
mL, DHEAS ≤ 25 mcg/dL, and cortisol ≤ 10 mcg/dL, 
and were referred for endocrine evaluation. Diagnosis 
of OIAI was made in 9 (9%) patients: in 6 based on 
initial abnormal case detection combined with high 

Table 1.  Comparison of Patients with OIAI and Without OIAI

All Patients 
Patients with  

Diagnosis of OIAI
Patients without  
Diagnosis of OIAI P Value

N 102 9 93  
Women, n (%) 66 (65) 7 (77.8) 59 (63.4) 0.39
Caucasian, n (%) 93 (91) 8 (89) 85 (91.4) 0.79
Age, years median (range) 54 (24-83) 54 (24-83) 53 (47-75) 0.58
BMI, kg/m2 median (range) 28.6 (17.4-46) 29.9 (33.5-45.6) 28.6 (17.4-46) 0.66
MME, mg median (range) 60 (3-840) 140 (20-392) 57 (3-840) 0.06
Duration of opioid use, months 

median (range)
60 (3-360) 96 (6-204) 60 (3-360) 0.19

Cumulative opioid exposure, 
mg*months median (range)

3600 (30-156720) 13440 (120-36000) 3120 (30-156720) 0.03

Cortisol, mcg/dL median (range) 13 (1-37) 5.4 (1-9.9) 14 (2.4-37) <0.0001
ACTH, pg/mL median (range) 19 (5-97) 11 (5-15) 21 (7-97) 0.0002
DHEAS, mcg/dL median (range) 60 (<15-379) 17.3 (<15-24) 64 (<15-379) <0.0001

Abbreviations: DHEAS, dehydroepiandrosterone sulfate; MME, morphine equivalent; OIAI, opioid-induced adrenal insufficiency. 
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clinical suspicion because of symptoms of adrenal in-
sufficiency, and in 3, also based on abnormal peak cor-
tisol after stimulation with cosyntropin (Table 4). All 9 
patients were initiated on hydrocortisone. In 2 patients 
with abnormal case detection testing, clinical suspicion 
for OIAI was low, and during a cosyntropin stimula-
tion test ordered by the treating endocrinologist in both 
cases, peak cortisol was normal. Potential risk factors 
for the development of OIAI were assessed (Table 1). 
Cumulative opioid exposure was significantly higher in 
those with OIAI compared with those without (median 
cumulative opioid exposure, 13,440 mg*months [range 
120-36,000] vs 3120 mg*months [30-21,240] in pa-
tients without OIAI; P = 0.03). However, median daily 
MME (140  mg [20-392] vs 57  mg [3-840], P = 0.06) 
or median duration of opioid use (96 months [6-204] 
vs 60 [3-360] months, P = 0.19) did not differ between 
those who developed OIAI compared with those who 
did not. Additionally, no difference in development 
of OIAI was noted according to sex or age. Cortisol, 

ACTH, and DHEAS concentrations were significantly 
lower in patients diagnosed with OIAI when compared 
with the rest of patients (Table  1). No patient taking 
< 20  mg/day of MME developed OIAI (sensitivity of 
100% for MME > 20  mg); however, the specificity of 
>20 mg/day MME as a cutoff to predict OIAI develop-
ment was only 19%.

Baseline morning cortisol, ACTH and DHEAS con-
centrations, or diagnosis of OIAI were not associated 
with baseline quality of life scores, pain scores, or phys-
ical function measure by 5-minute test (data not shown).

Follow up.   At the time of completion of the 3-week 
Pain Rehabilitation Program, all patients demonstrated 
improvements in pain, quality of life, and physical func-
tion (Table 3). Patients diagnosed with OIAI who were 
treated with hydrocortisone during the 3-week program 
showed similar improvement on follow-up assessment 
when compared with patients without OIAI.

Following the Pain Rehabilitation Program, 9 pa-
tients with OIAI continued on hydrocortisone. One 
patient who failed to discontinue opioids continued 
to demonstrate persistent adrenal insufficiency at the 
time of last follow up (Table  4). Of the remaining 8 
patients who successfully discontinued opioid therapy, 
6 recovered adrenal function when reassessed at 1 to 
14 months, and hydrocortisone was discontinued. One 
patient has successfully discontinued opioids, and al-
though improved clinically, has not recovered from ad-
renal insufficiency at the time of last follow up. Another 
patient was lost to follow up.

Discussion

In this cross-sectional case detection study with pro-
spective enrollment, the prevalence of OIAI among 
those with chronic noncancer-related pain was 9%. 
Cumulative opioid exposure was the only identified pre-
dictor of OIAI and the daily 20 mg MME cutoff dem-
onstrated a sensitivity of 100% to diagnose OIAI, but 
specificity of only 19%. We showed that all patients ex-
perienced a significant improvement in pain, quality of 
life, and physical function with the pain rehabilitation 
program intervention without significant differences 
between those diagnosed with OIAI and initiated on 
glucocorticoid replacement therapy and those without 
OIAI. The majority of patients diagnosed with OIAI re-
covered adrenal function after opioid discontinuation.

Several primarily retrospective studies have assessed 
the prevalence of adrenal insufficiency in chronic opioid 
users with chronic pain, demonstrating a prevalence 
of possible OIAI of 8% to 50% (Table 5). In a recent 

Table 2.  Type of Opioid and the Reason for Opioid 
Use

Type of opioid used, n (%)

Oxycodone 46 
(45)

Hydrocodone 33 
(32)

Tramadol 16 
(16)

Fentanyl patch 19 
(19)

Hydromorphone 10 
(10)

Morphine 9 (9)
Codeine 2 (2)
Tapentadol 3 (3)
Methadone 2 (2)
Oxymorphone 1 (1)
Buprenorphine 2 (2)
Meperidine 1 (1)
Multiple opioids 40 

(39)
Primary reason for opioid use, n (%)
Back pain 38 

(37)
Lower extremity pain 11 

(11)
Upper extremity pain 11 

(11)
Headache 10 

(10)
Fibromyalgia 9 (9)
Generalized pain (does not meet fibromyalgia criteria) 7 (7)
Abdominal pain 7 (7)
Neck pain 6 (6)
Facial pain 5 (5)
Pelvic pain 2 (2)
Chest wall pain 2 (2)
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meta-analysis, the weighted mean prevalence of OIAI 
was 15%, and when limited to the 2 studies that used 
ITT to assess the HPA axis status, prevalence of OIAI 
was 24% (22). The wide range of OIAI prevalence is 
explained by a very high heterogeneity in the studies, 
including patient selection (with therapies including 
intrathecal opioids (13), duration of opioid use >3 or 
6 months (21, 24), dose of opioid (18, 24)) and methods 
of adrenal insufficiency assessment (dynamic testing, 
baseline testing, use of different cutoffs). Abnormal 
morning cortisol concentrations have been reported 
in 9% to 35% patients taking chronic opioids, low 
DHEAS in 35% to 43%, low ACTH in 6% to 26%, 
and abnormal peak cortisol during CST in 10% to 15% 
of patients taking chronic opioids (13, 18-21, 24, 32). 
In our study, using a predefined protocol that includes 
a combined cortisol, DHEAS, and ACTH testing, we 
found that 11% of our cohort had abnormal testing, 
and 9% were ultimately diagnosed with OIAI after a 
thorough endocrine evaluation.

Although the ITT is considered to be the gold 
standard, it is not always available, is expensive, and 
is contraindicated in some patients (eg, cardiovascular 
disease, seizures). Additionally, metyrapone has limited 
availability (and investigated only in 1 study (24)), 
whereas CST (1 mcg or 250 mcg) utilization is dependent 
on chronicity of hypopituitarism and has a suboptimal 
sensitivity, especially in partial forms of secondary ad-
renal insufficiency (30). Therefore, no single detection 
strategy is optimal or convenient. Several studies with 
varying morning serum cortisol cutoffs suggest that 
morning cortisol can be used to predict response to CST 
or ITT (33-35). In addition, DHEAS offers supportive 
evidence of decreased ACTH availability when meas-
ured and found to be concurrently low (36). We defined 
OIAI strictly as a low morning cortisol (<10 mcg/dL), 
with a low ACTH (15 pg/mL) and DHEAS (25 mcg/dL). 
However, this definition may have led to an underesti-
mation of those with milder forms of OIAI.

The risk factors associated with the development of 
OIAI are not clear. Studies examining factors for the 
development of opioid-induced hypogonadism have 
suggested that the type of opioid, higher doses, use 
of long-acting opioids, and longer duration of opioid 
use may be risk factors for hypogonadism (23, 37). 
In studies assessing OIAI, Lambrecht et al observed a 
higher daily MME among those with OIAI compared 
with those without (median of 100 mg vs 60 mg) (24). 
Assessment of short-term use of opioids in volunteers 
without pain, demonstrated that increasing opioid 
dose or long-acting opioids were associated with 
lower levels of cortisol or ACTH (38, 39). Contrary to 
this, however, several other studies have not shown an Ta
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association between daily MME and the development 
of OIAI (13, 18). In our study, cumulative opioid ex-
posure, defined as the duration of opioid use × daily 
MME, was higher in those with OIAI compared with 
those without. In addition, no patient taking <20 
MME per day was diagnosed with OIAI. This may ex-
plain the differing observations in studies that assess 
opioid dose or duration of opioid use independently as 
opposed to opioid exposure which provides a cumula-
tive exposure estimate.

Several case reports and 1 retrospective study have 
demonstrated that OIAI is reversible following opioid 
cessation (14, 17, 40). In our study, we found that 6 
of 7 patients who were able to discontinue opioids and 
had available follow-up recovered from adrenal insuffi-
ciency and were able to stop hydrocortisone. Therefore, 
when possible, opioid discontinuation should be en-
couraged, and glucocorticoid replacement should be 
continued until recovery has been confirmed.

There are several limitations to our study. Use of 
an arbitrary strict case detection strategy and lack of 

dynamic testing, such as ITT, may have influenced our 
prevalence estimate. Normal cortisol response during 
CST in several patients may not completely exclude 
adrenal insufficiency (30). All endocrine testing was 
performed in the morning before opioid taper, and 
patients were asked not to hold any opioid doses for 
testing. Because opioid therapy was not withheld on 
the day of testing, the prevalence of OIAI could be 
overestimated. Studies looking at the difference be-
tween acute and chronic effects of opioids and risk 
for OIAI are necessary. Baseline evaluation of patients 
did not include a systematic assessment of the HPA 
axis, which is known to adversely affect the majority 
of patients on chronic opioids. Therefore, this may 
have affected our ability to ascertain appreciable dif-
ferences in measures of quality of like, adjustment to 
pain, or functional capacity in those with OIAI com-
pared with those without OIAI. Last, the exact dur-
ation of opioid therapy and dose was estimated based 
on patient recollection and medical records and there-
fore may have been subject to recall and information 
bias. The strength of our study is uniform predefined 
case detection strategy that is feasible to assimilate 
into clinical care, combined endocrine evaluation in 
the adrenal clinic that allowed integration of clinical 
expertise in addition to laboratory workup to achieve 
the diagnosis of OIAI, and availability of follow-up 
information for most patients with OIAI. Further 
prospective studies are needed to confirm the associ-
ation of opioid dose and duration with development 
of OIAI.

In conclusion, using a case detection strategy of 
baseline testing with ACTH, DHEAS, and cortisol, fol-
lowed by the endocrine evaluation, we demonstrated 
a 9% prevalence of OIAI. We showed that cumulative 
opioid exposure was a significant predictor of OIAI. 
Patients taking <20 MME per day do not need further 
evaluation for OIAI. In contrast, clinical evaluation 
and case detection testing should be considered in any 
patient treated with chronic opioids with >20 MME 
per day.
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