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Abstract
Hypothalamus-Pituitary-Adrenal (HPA) may be disturbed by 
drugs, including opioids. In fact, opioids are a well-recognized 
cause of hypogonadotropic hypogonadism due to its effects 
in the hypothalamic-pituitary-gonads axis. Nevertheless, these 
results are not observed in all the studies and there are numer-
ous contradictions in the literature. Receptor binding selectivi-
ty, doses, species used, and administration pathways of opioid 
derivates may contribute to these different results.
A 36-years-old caucasian man was referred to our hospi-
tal with asthenia, facial and distal lower extremity swelling 
with pitting edema, and vinous red striaes on abdomen for 
one month. A hormone study was requested finding low lev-
els of cortisol at 8 AM and Adrenocorticotropic Hormone 
(ACTH) levels. An ACTH stimulation test was performed 
observing an increase of cortisol levels. With the diagnosis 
of secondary adrenal insufficiency AI, transdermal Fentanyl 
100 mcg per day treatment because of a chronic back pain 
was suspected as a causal agent. We gradually reduced 
the fentanyl dosage from 100 to 50 mcg per day and we 
introduce hydrocortisone 20 mg every 12 h as a treatment. 
After 10 days, HPA axis was recovered.
Attending to the large number of patients treated with opi-
oids, may be more common than is recognised. The mech-
anism involved in this disease is not well understood yet, 
however, there are several contradictions in the modulatory 
activity of opioids on the HPA axis. According to the possi-
bility of the increase of the prevalence of this pathology, an 
awareness of this endocrinopathy is essential to the diag-
nosis and to apply the appropriate treatment with glucocor-
ticoid replacement.
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Introduction

Several studies have observed the relationship be-
tween drugs and Hypothalamus-Pituitary-Adrenal (HPA) 
disturbs [1,2]. It has been seen that drug-dependent pa-
tients show a neuroadaptative response in underlying 
elevated stress during an abstinence period. Neuropep-
tide Corticotropin-Releasing Factor (CRF) is involved in 
one of these adaptations. It is a molecule which plays 
a pivotal role in stress and drug withdrawal responses. 
In humans, it is observed that polymorphisms in these 
genes that encode CRF receptors have been associated 
with increased stress responses and propensity to de-
velop drug addiction [3,4]. Due to that, the CRF system 
has been observed to be a potential target for medica-
tion development.

The HPA axis may also be modified in patients af-
fected of chronic pain treated with opioids. In fact, opi-
oids are well known to be a cause of hypogonadotropic 
hypogonadism [5]. Similar results has been observed in 
methadone addicts, where previous studies observed 
decreased plasma cortisol levels as well as an absence 
of Adrenocorticotrophin Hormone (ACTH) response to 
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ity swelling with pitting edema, and vinous red striaes 
on abdomen for one month. In addition, the patient 
observed increased constipation, hair loss as well as 
difficulty starting urination itchy during this period. A 
hormone study was requested by his primary care phy-
sician, finding low levels of cortisol at 8 AM (2.83 µg/dL, 
normal values range 5-25 µg/dL). Adrenocorticotropic 
Hormone (ACTH) levels were also lowers (< 5 pg/ml, 
normal values range 0-46 pg/ml). The rest of the ana-
lytical blood tests values were normal, including elec-
trolytes, TSH, and free T4 levels. He was admitted to the 
Internal Medicine Department to study a possible adre-
nal insufficiency.

The personal medical history showed that the patient 
was allergic to metoclopramide and tramadol. He was in-
tervened of L5-S1 disc herniation with retrolisthesis L5-S1 
posteromedial and posterolateral disc protrusion as a se-
quela of the surgery which causes chronic back pain. Pain 
was monitorized and treated in the Pain Unit of our hospi-
tal. The patient also had chronic diseases such as hypertri-
glyceridemia, hypercholesterolemia, liver steatosis, hiatal 
hernia, gastroesophageal reflux, and asthma. The patient 
also had a history of substance abuse. He smoked approx-
imately 18 packs a year and referred and alcohol intake of 
1-2 beers per day for the last 10 years. In addition, until 
one year ago, he also presented cocaine dependence. The 
patient’s medication list included transdermal Fentanyl 
100 mcg (per day), Metamizole 575 mg (every 8 hours), 
Levosulpiride 25 mg (every 8 hours), Fluoxetine 20 mg (per 
day), Olanzapine 2.5 mg (at bedtime), and Gabapentin 600 
mg (every 8 hours).

naloxone [6]. However, as we described previously, in 
a rat study, acute injections of morphine without exog-
enous stress have been found to involve an increased 
response in Corticotrophin Releasing Hormone (CRH) 
levels. However, it is observed that exogenous stress 
as well as repeated daily doses of morphine generat-
ed a significant decrease of hypothalamic CRH content, 
and pituitary and plasma ACTH concentrations levels. 
Chronic exposure to morphine has also been found to 
increase corticosteroid-binding globulin implying atten-
uation of the HPA axis due to a deficit of physiologically 
active corticosterone [7]. Simililar effects in the HPA axis 
activity were observed in a rhesus monkeys study using 
a self-administration of fentanyl model [8].

However, these results are not observed in all the 
previous studies and there are several contradictions 
in the literature attending to the modulatory activity 
of opioids on the HPA axis. Receptor binding selectivi-
ty, doses, species used, and administration pathways of 
opioid derivates may contribute to these different re-
sults [9]. Despite these observations, in many occasions, 
the HPA axis activity is being taken underrated along the 
treatment with chronic high-dose opiate medication in 
clinical practice; that can cause repercussions in the pa-
tients.

We report a case of secondary adrenal insufficiency 
in a patient treated with chronic high-dose of fentanyl.

Case Report

A 36-years-old caucasian man was referred to our 
hospital with asthenia, facial and distal lower extrem-
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Figure 1: Diagnostic algorithm elaborated by de Miguel Novoa, et al. [10] of adrenal insufficiency. AI was confirmed attending 
to cortisol values of our patient (2.83 µg/dL). 
AI: Adrenal Insufficiency; ACTH: Adrenocorticotropic Hormone.
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affected of secondary adrenocortical insufficiency who 
has been treated chronically with transdermal fentanyl 
(200 mcg per day) because of a sciatic pain syndrome. 
The authors gradually reduced the fentanyl dosage from 
200 mcg per day to 100 mcg per day during 1 week. Af-
ter 1 week, HPA axis function was markedly improved. 
Similar results were observed by Lee, et al. [13], in 
which the authors observed an opioid-induced second-
ary adrenal insufficiency presented as hypercalcaemia. 
The hypercalcaemia was demonstrated to be generated 
as a consequence of a secondary adrenal insufficiency, 
developing as a result of methadone opioid analgesia. 
After 3 days of treatment with intravenous saline and 10 
days of glucocorticoid replacement, the hypercalcemia 
and the secondary adrenal insufficiency were resolved.

Conversely, in rodents and other non primate spe-
cies, plasma ACTH and corticosterone levels are ob-
served to be increased due to the activity of mu opioid 
receptor agonists [9,16,17]. Receptor binding selectivi-
ty, doses, and administration pathways of opioid deriva-
tives may contribute to these different results between 
intraspecies.

In the clinical management of pain, most of the opi-
oid analgesics used are mu opioid receptor agonists. 
Nevertheless, kappa and delta opioid receptor agonists 
have been observed to have therapeutic potential effect 
as analgesics and for other indications [9,18]. In spite of 
their clinical potential, the modulatory effect of kappa 
and delta opioid receptor agonists on the HPA axis is not 
well understood in humans. A human study observed 
that cortisol release was stimulated due to the activity 
of a kappa opioid receptor agonist [19]. However, this 
effect was not determined in this study as a response of 
a kappa opioid receptor antagonist. Because of that, the 
authors did not confirm that the observed stimulation 
was via the kappa opioid receptors. Pascoe, et al. [9] in a 
study developed in monkeys, used fentanyl, U-50488H, 
and SNC80 in behaviorally active doses to know the ef-
fects of mu, kappa, and delta opioid receptor agonists in 
the HPA axis. They are highly selective for its receptors, 
respectively. This study demonstrates that both Mu and 
delta opioid receptor agonists did not stimulate the HPA 

Physical exploration was normal except for the vi-
nous red striaes on abdomen as well as the facial and 
distal lower extremity swelling with pitting edema com-
mented previously. No hepatomegaly or other distur-
bances were found in the abdominal physical explora-
tion.

During his admission, a chest x-ray was performed 
without disturbs. Abdominal ultrasound showed normal 
liver size with an increase of diffuse echogenicity sug-
gestive of fatty infiltration. Brain Magnetic Resonance 
Imaging (MRI) was also normal.

According to the diagnostic algorithm elaboration by 
de Miguel Novoa, et al. [10] (Figure 1), Adrenal Insuffi-
ciency (AI) was confirmed. Table 1 summarizes primary 
and secondary AI etiology [11]. AI etiology, however, 
considering a possible secondary AI etiology, the patient 
did not provide a history of cranioencephalic trauma-
tism or glucocorticoid excess intake previously. A nor-
mal MRI ruled out a brain tumor as a possible cause of 
the secondary AI. Reviewing the literature, we observed 
some case reports where opioid treatments were the 
causal agent of secondary AI [12,13]. According to this 
theory, we realized an ACTH stimulation test showing 
an increase of cortisol levels (6.1 µg/dL). With the diag-
nosis of secondary AI, we gradually reduced the fentan-
yl dosage from 100 to 50 mcg per day and we introduce 
hydrocortisone 20 mg every 12 h as a treatment. After 
10 days, HPA axis was recovered showing ACTH levels of 
50 pg/ml, and cortisol levels at 8 AM of 8.4 µg/dL.

Discussion

Opioids are frequently used for the management of 
painful symptomatology, and their effects on the HPA 
axis are not well understood yet. In fact, there are sev-
eral contradictions in the literature attending to the 
modulatory activity of opioids on the HPA axis. There 
are described three opioid receptor subtypes: mu, kap-
pa, and delta opioid receptors. In humans, mu opioid 
analgesics such as fentanyl as well as buprenorphine, 
have been observed to modulate the HPA activity due 
to its inhibitory role of mu opioid receptors [9,12-15]. 
Oltmanns, et al. [12] described a case report of a man 

Table 1: Primary and secondary adrenal insufficiency etiology. AIDS: Acquired Immune Deficiency Syndrome.

Primary Adrenal Insufficiency Secondary Adrenal Insufficiency
Autoimmune adrenalitis (80-90% in developed countries) Pituitary tumors or other tumors of the hypothalamus-pituitary region 

(adrenal failure secondary to tumor growth, surgery or radiotherapy 
performed)

Infectious adrenalitis (Tuberculosis, AIDS, fungic infection, 
etc)

Lymphocytic hypophysitis (alone or as part of a polyglandular 
autoimmune syndrome)

Bilateral adrenalectomy Glucocorticoid excess intake
Congenital disorders (congenital adrenal hyperplasia due 
to 21-hydroxylase deficiency, 11p hydroxylase deficiency, 
3β deshidrogeanase hydroxysteroid deficiency, or 17α 
hydroxylase deficiency)

Pituitary apoplexy/Sheehan Syndrome

Tumor infiltration Pituitary infiltration (Tuberculosis, sarcoidosis, Wegener 
granulomatosis) 

Bilateral adrenal hemorrhage Craneoencephalic traumatism
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6.	 Dackis CA, Gurpegui M, Pottash AL, Gold MS (1982) Meth-
adone induced hypoadrenalism. Lancet 2: 1167.

7.	 Nock B, Wich M, Cicero TJ (1997) Chronic exposure to 
morphine increases corticosteroid binding globulin. J Phar-
macol Exp Ther 282: 1262-1268.

8.	 Broadbear JH, Winger G, Woods JH (2004) Self-admin-
istration of fentanyl, cocaine and ketamine: effects on the 
pituitaryadrenal axis in rhesus monkeys. Psychopharma-
cology (Berl) 176: 398-406.

9.	 Pascoe JE, Williams KL, Mukhopadhyay P, Rice KC, 
Woods JH, et al. (2008) Effects of mu, kappa, and delta 
opioid receptor agonists on the function of hypothalamic-pi-
tuitary-adrenal axis in monkeys. Psychoneuroendocrinolo-
gy 33: 478-486.

10.	de Miguel Novoa P, Vela ET, García NP, Rodríguez MM, 
Guerras IS, et al. (2014) Guidelines for the diagnosis and 
treatment of adrenal insufficiency in the adult. Endocrinol 
Nutr 1: 1-35.

11.	Bancos I, Hahner S, Tomlinson J, Arlt W (2015) Diagnosis 
and management of adrenal insufficiency. Lancet Diabetes 
Endocrinol 3: 216-226. 

12.	Oltmanns KM, Fehm HL, Peters A (2005) Chronic fentan-
yl application induces adrenocortical insufficiency. J Intern 
Med 257: 478-480.

13.	Lee AS, Twigg SM (2015) Opioid-induced secondary adre-
nal insufficiency presenting as hypercalcaemia. Endocrinol 
Diabetes Metab Case Rep 2015: 150035.

14.	Pende A, Musso NR, Montaldi ML, Pastorino G, Arzese M, 
et al. (1986) Evaluation of the effects induced by four opiate 
drugs, with different affinities to opioid receptor subtypes, 
on anterior pituitary LH, TSH, PRL and GH secretion and 
on cortisol secretion in normal men. Biomed Pharmacother 
40: 178-182.

15.	Hoehe M, Duka T, Doenicke A (1988) Human studies on 
the μ opidate receptor agonist fentanyl: neuroendocrine 
and behavioral responses. Psychoneuroendocrinology 13: 
397-408.

16.	Gonzalvez ML, Milaneés MV, Vargas ML (1991) Effects of 
acute and chronic administration of μ- and δ-opioid ago-
nists on the Hypothalamic-Pituitary-Adrenocortical (HPA) 
axis in the rat. Eur J Pharmacol 200: 155-158.

17.	Pechnick RN (1993) Effects of opioids on the hypothala-
mo-pituitary-adrenal axis. Annu Rev Pharmacol Toxicol 32: 
353-382.

18.	Brandt MR, Furness MS, Mello NK, Rice KC, Negus SS 
(2001) Antinociceptive effects of δ-opioid agonists in rhe-
sus monkeys: effects on chemically induced thermal hyper-
sensitivity. J Pharmacol Exp Ther 296: 939-946.

19.	Ur E, Wright DM, Bouloux PMG, Grossman A (1997) The 
effects of spiradoline (U-62066E), a κ-opioid receptor ag-
onist, on neuroendocrine function in man. Br J Pharmacol 
120: 781-784.

axis activity after acute administration of the different 
treatment in primates. However, synthetic kappa en-
couraged HPA axis activity.

To our knowledge, there are few human case reports 
in the literature of opioid-induced secondary adrenal 
insufficiency. This pathology, attending to the large 
number of patients treated with opioids for several 
pathologies, may be more frequent than is diagnosed. 
This could cause important adverse clinical effects if it 
is not recognized and treated appropriately. The mech-
anism involved in this disease are not well understood 
yet, however, it is observed different effects of opioid 
treatment between primate and non-primate species 
as well as the receptors where the different treatments 
are binded (kappa opioid receptor agonist may stimu-
late HPA axis in primates where as mu or delta opioid 
receptor agonists not). The endocrinological scientific 
societies have not developed a screening program of 
patients under opioids treatment for possible second-
ary hypoadrenalism. According to the possibility of the 
increase of the prevalence of this pathology, an aware-
ness of this endocrinopathy is essential to the diagnosis 
and to apply the appropriate treatment with glucocorti-
coid replacement.
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