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Abstract 
Opioids are a treatment option for a variety of chronic pain conditions. But 
long-term opioid use can be associated with side effects, including hypogo-
nadism. Opioid-induced hypogonadism (OIhG) is associated with the altera-
tion of the hypothalamic-pituitary-gonadal axis (HPG). In males, hypogo-
nadism can result in erectile dysfunction, reduced libido, fatigue, worsening 
mood, and increased risk of osteoporosis; in females, it can result in changes 
in the menstrual cycle and reduced libido, among other effects. A current 
treatment option for these patients is hormone replacement therapy. In this 
report, we discuss the problem of opioid-induced hypogonadism, and the 
therapeutic approach and the potential complications of treating pain pa-
tients using hormone replacement therapy. 
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1. Introduction 

Opioids are an option for pain management for the chronic pain patient, with 
generally, albeit not always, good effectiveness [1]. Unfortunately, patients on 
long term opioid therapy often experience the well-known typical opioid-related 
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side effects of constipation, nausea, vomiting, and sedation [2]. In addition, how-
ever, some experience the less well-known opioid side effect of hypogonadism 
(OIhG) [3]. OIhG is extensively documented in animal models [4] [5] [6] and in 
human studies [7] [8] [9] [10] [11]. OIgH and the associated physiological effects 
(disruption of hormonal balance) result from the action of opioids on opioid re-
ceptors located within the hypothalamus. Cases of OIgH were observed in he-
roin and methadone abusers in the 1970s [12]. Estimates of OIhG prevalence in 
long-term use by chronic pain patients range from 21% to 86% [7] [9] [10] [11] 
[13] [14] [15], with males more frequently than females experiencing OIhG. As 
an example, in a recent study, 75% of males and 21% of females taking oral 
opioids for chronic non-cancer pain had hypogonadism [11]. 

Common OIgH effects experienced by males include reduction in the levels of 
testosterone, which can lead to effects such as muscle hypotrophy, loss of bone 
mass, anemia, etc., and/or central effects such as decreased attention, decreased 
libido, depression, etc. Some common OIgH effects experienced by females in-
clude irregular periods and amenorrhea, which is caused by reduced levels of lu-
teinizing hormone, follicle stimulating hormone, oestradiol, and adrenal andro-
gen [10]. Effects such as flushing, sweating, decreased libido, infertility, osteope-
nia, osteoporosis, and depression may occur in both genders [16]. Furthermore, 
OIhG might also increase the risk for development of Alzheimer disease and 
rheumatoid arthritis [17] [18]. 

We reviewed publications available in English language using sources such as 
PubMed, MedLine, and related. We used search terms such as opioid, chronic 
hypogonadism, hormone replacement therapy, chronic pain, and HPG axis. Ad-
ditional articles were identified from references therein. All were reviewed for 
applicability and quality of evidence. 

2. HPG Axis and the Effects of Opioids 

OIgH results from the central suppression of the hypothalamic secretion of go-
nadotropin-releasing hormone (GnRH) by opioid agonists (endogenous or ex-
ogenous) acting at opioid receptors located within the hypothalamus (Figure 1) 
[19]. This in turn reduces the secretion of luteinizing hormone (LH) and follicle 
stimulating hormone (FSH) from pituitary gland, which then inhibits the pro-
duction of testosterone and estradiol from gonads. The chain of events can occur 
fairly rapidly (within hours) from the onset of opioid use [13] [14], and conti-
nuous reduction in hormone secretion can accompany sustained opioid use for 
chronic pain [15]. 

Disruption of gonadal hormone balance usually results in physical and mental 
changes. In a study of 54 males taking opioids, 87% reported severe erectile dys-
function (they had normal erectile function prior to opioid treatment) and/or 
diminished libido. It was found that 89% of the males had decreased levels of 
free testosterone, oestradiol, dihydrotestosterone, LH, and FSH [9]. In a study of 
female pain patients receiving opioids, more than half experienced a disruption  

https://doi.org/10.4236/pp.2018.911036


S. Nalamachu et al. 
 

 

DOI: 10.4236/pp.2018.911036 475 Pharmacology & Pharmacy 
 

 
Figure 1. Opioid action on the HPG axis reduces sex hormone action. 3-D view from 
Wikimedia Commons. 

 
of menses, an effect that the authors believed to be caused by the recorded re-
duction in LH, FSH, oestradiol and adrenal androgen [10]. 

In another study, 96% and 69% of males and females, respectively, reported 
decreased libido after being administered opioids for 26 months for non-cancer 
chronic pain [7]. In addition, psychological symptoms associated with hypogo-
nadism may include anxiety, stress, insomnia, and depression (low levels of tes-
tosterone have been observed in depressed patients) [20] [21] [22]. In order to 
prevent or mitigate the symptoms of OIhG in long-term opioid treatment, hor-
mone replacement therapy is an option that is often considered. 

3. Hormone Replacement Therapy 

When OIhG is diagnosed in chronic pain patients, it might be treated using 
hormone replacement therapy. Replacement of testosterone or oestradiol may 
relieve the acute symptoms of OIhG and also prevent the long-term conse-
quences associated with untreated OIhG. Although there is lack of definitive 
evidence regarding the effectiveness and safety of hormone replacement therapy 
for OIgH in chronic pain patients, there are sufficient current literature reports 
of positive results for efficacy and safety to suggest that additional, controlled 
studies are warranted. 

In a study conducted by Daniell et al., testosterone replacement improved 
sexual function of males with OIhG [23]. During this 24-week open-label pilot 
study using a testosterone patch, 23 males with opioid-induced androgen defi-
ciency (OPIAD) were treated. The patch dosage was 5 mg/day for the first 12 
weeks and 7.5 mg/day for the second 12 weeks. In the “completers” population 
(n = 16), mean (SD) free testosterone levels (normal range 52 to 280 pg/mL) 
were 28.5 (18.6) pg/mL at baseline, 72.8 (29.6) pg/mL on 5 mg/day (P < 0.001 vs. 
baseline), and 120.2 (69.5) pg/mL on 7.5 mg/day (P < 0.001 vs. baseline and P < 
0.01 vs. 5 mg/day). Total testosterone, dihydrotestosterone, and estradiol 
showed parallel changes. Sex hormone-binding globulin levels were elevated at 
baseline and decreased modestly with treatment (P < 0.05 vs. baseline at 5 
mg/day; P < 0.01 vs. baseline at 7.5 mg/day). Luteinizing hormone levels were in 
the low-normal range at baseline and suppressed markedly with treatment (P < 
0.001 vs. baseline at both doses). Androgen deficiency symptoms (ADSQ), sex-
ual function (Watts SFQ), mood (PGWB), depression (BDI-II), and hematocrit 
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levels showed improvement during treatment, generally more so at the 7.5 mg/day 
dosage (P < 0.001 vs. baseline for most parameters). Pain scores (BPI-SF) de-
creased slightly on 7.5 mg/day (interference score: P < 0.05 vs. baseline and 5 
mg/day); the use of opioids did not change appreciably. The authors concluded 
that testosterone patch therapy at a dose of 7.5 mg/day restored the normal 
hormone balance and in turn helped improve patients’ quality of life. In another 
small study conducted by Aloisi et al., chronic pain patients receiving epidural 
morphine received testosterone replacement therapy for up to 12 months [24]. 
The daily administration of testosterone increased total and free testosterone as 
well as DHT after 3 months of treatment. Continuation up to 12 months of 
treatment maintained the hormone levels. In addition, pain-rating indexes 
(QUID) progressively improved from 3 to 12 months while other pain parame-
ters (VAS, Area%) remained unchanged. The AMS sexual dimension and SF-36 
Mental Index displayed a significant improvement over time. Based on the evi-
dence from this study, the authors concluded that one year of testosterone re-
placement therapy helped male patients diagnosed with morphine-induced hy-
pogonadism. 

Overall, these studies suggest that testosterone replacement may be a safe and 
effective treatment option for opioid users. Additional studies are needed. 

3.1. Clinical Practice Overview 

There is a variety of options to choose from for testosterone replacement thera-
py, including gels, lotions, creams, intramuscular injections, and implantation 
devices (every 4 - 6 months). The dosage and treatment regimens of these prod-
ucts vary, but the main goal is to return testosterone level to ~500 ng/dL (the 
normal range is ~250 - 1000 ng/dL). Patients normally continue on treatment 
until contradictions or side effects develop (e.g., lower leg edema, breast en-
largement, or prostate enlargement with difficulty urinating), but patients can 
often remain on replacement therapy effectively and safely for many years. Pa-
tients usually report improvement in mood, desirable weight loss, rise in testos-
terone levels, better libido, increased sex drive, better erections, and more ener-
gy. The beneficial effects and good safety profile usually translate to high patient 
satisfaction. The case reports presented below exemplify some positive outcomes 
associated with testosterone replacement. 

3.2. Case Reports 

Case #1: A 61 year-old man presented with symptoms associated with OIhG. 
His medical history consisted of depression, insomnia, and anxiety; surgical his-
tory consisted of tonsillectomy, a left shoulder open reduction, and right qua-
drant hernia repair. The patient was diagnosed with chronic low back pain in 
early 2011 and was taking dilaudid for approximately one year to control back 
pain. Other medications included well butrin, desoril, and vistaril for depression, 
insomnia, and anxiety respectively. The patient sought help because of reduced 
energy, feeling of depression, and lower sexual drive. Testosterone levels, hema-
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tocrit level, and PSA level were 188 ng/dL, 42.5% and 1.1 ng/mL respectively. 
The patient completed a sexual desire inventory questionnaire (score 26) and 
Becks Depression Inventory Scale (score 16, mild depression) in order to estab-
lish baseline values before treatment. The patient was started on 40 mg/day of a 
testosterone gel. After approximately 2 weeks of treatment, his testosterone le-
vels had risen to 1241 ng/dL; however, the patient did not report feeling much 
different and the sexual desire inventory (SDI) and Becks depression inventory 
(BDI) score remained approximately the same (SDI = 23, BDI = 20). At about 
one month of treatment, his testosterone level was 1154 ng/dL and he began re-
porting increased energy and increased sexual desire. The SDI score increased to 
58, indicating improvement, while the BDI was similar to previous readings. Af-
ter 2 months of treatment, testosterone level was 737 ng/dL, BDI score 15, and 
SDI score 78, which correlated with the patient’s description of increased libido. 
While on treatment, the patient did not have any undesirable side effects and his 
vital signs remained unchanged. Patient satisfaction was excellent and the pa-
tient expressed a desire to continue with longer-term treatment. 

Case #2: A 42 year-old man sought help due to decreased sexual desire, fati-
gue, and lack of muscle strength. His medical history consisted of right knee 
pain, left side paralysis, spinal cord injury, tracheotomy, anemia, and erectile 
dysfunction. The patient was diagnosed with osteoarthritis in 2000. He was tak-
ing Exalgo, oxycodone, cialis, and iron sulfate supplement for right knee pain, 
osteoarthritis, erectile dysfunction, and anemia, respectively. Prior to starting 
testosterone replacement, baseline assessments for total testosterone, hematocrit 
level, and PSA level were 182 ng/dL, 40.9%, and 0.2 ng/dL. The patient also 
completed baseline SDI (score 40) and BDI (24, moderately depressed). Based 
on this information, prescription for 40 mg/day testosterone gel was written. 
After approximately 2 weeks of treatment, testosterone level was 975 ng/dL and 
the patient reported feeling a noticeable change in his core muscles, increased 
energy, feeling rested after sleeping, and an increase in sexual drive. The SDI 
score increased to 63 and the BDI score decreased to 14. Complaints included 
nightly calf cramps during first week of medication (that resolved by the end of 2 
weeks). After two months of treatment, testosterone level was 1096 ng/dL and 
the patient continued to notice increase in energy level, increase in sexual desire, 
and improvement of his left side paralysis. The SDI score was 78 and BDI score 
was 14. The patient was very satisfied with the treatment and had intentions to 
continue for a longer term. 

Case #3: A 30 year-old morbid obese male chronic pain patient was looking to 
improve his energy level, weight control, and sexual desire. His medical history 
consisted of herniated disks, lumbar fusion, tonsillitis, tonsillectomy, cluster head-
aches, anxiety, right arthroscopic knee surgery, failed back syndrome, degenera-
tive arthritis of the knees, constipation, lower extremity edema, muscle spasms, 
and neuropathy of the lower extremities. The patient was diagnosed with dege-
nerative disk disease in 2008. Concomitant medications included oxycodone, ti-
zanidine, ibuprofen, verapamil, morphine, xanax, soma, and aquaphor for failed 
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back syndrome, muscle spasms, pain preventative, cluster headaches, degenera-
tive spine disease, anxiety, muscle spasms, and dry skin, respectively. Baseline as-
sessments included total testosterone (17 ng/dL), hematocrit (44.6%), PSA level 
(0.7 ng/dL), SDI questionnaire (46), and BDI questionnaire (19). The patient was 
initiated on 40 mg/day testosterone gel and after 2 weeks he noticed a change in 
his energy and sexual desire. Total testosterone improved to 709 ng/dL. After 
approximately one month, total testosterone improved to 1269 ng/dL and SDI 
and BDI improved to 60 and 11, respectively. After approximately two months, 
total testosterone was 634 ng/dL and SDI and BDI were 59 and 25, respectively. 
The patient was overall satisfied with the medication and noticed improvement 
in energy, muscle tone, and sexual desire. The only safety issue reported was dry 
skin at the application site. 

Hormone replacement therapy is not without complications. Men receiving 
hormone replacement therapy should be monitored for side-effects such as po-
lycythemia, peripheral edema, cardiac and hepatic dysfunction. 

4. Conclusion 

Long-term administration of opioids in chronic pain patients can alter the HPG 
axis in both males and females, resulting in physical and psychological symp-
toms of OIgH (opioid-induced hypogonadism). Effects of OIgH such as reduced 
sexual drive, fatigue, and insomnia can lead to a reduction in quality of life and, 
in combination with the hormonal imbalance, can increase the risk of develop-
ing depression and other psychological and physical disorders. Replacement of 
testosterone in these patients might be a viable option for reversing many of 
these side effects. Reports from small trials and clinical case reports suggest that 
androgen replacement therapy might be an effective and safe treatment for 
long-term pain patients treated with opioids. Large controlled clinical trials are 
needed. 
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