
Hormones in pain modulation and their clinical  
implications for pain control: a critical review

Xueyin Chen, Jinyuan Zhang, Xiangrui Wang

Department of Pain Management, Renji Hospital, School of Medicine, Shanghai Jiao Tong University, Shanghai, China

AbstrAct 

Recently, more and more studies have found that pain generation, transmission and modulation 
are under hormonal regulation. Indeed, hormonal dysregulation is a common component of 
chronic pain syndromes. Studies have attempted to determine whether the relationship between 
the pain and its perception and hormones is a causative relationship and how these processes 
interrelate. This review summarizes and analyzes the current experimental data and provides 
an overview of the studies addressing these questions. The relationship between pain percep-
tion and endocrine effects suggests that hormones can be used as important biomarkers of 
chronic pain syndromes and/or be developed into therapeutic agents in the fight against pain.

Key words: Εndocrine system, Central mechanism, Central sensitization pain, Hormones, Modula-
tion, Neuropathic pain, Nociceptive pain, Peripheral effect

Review

HORMONES 2016, 15(3):313-320

Address for correspondence:
Dr. Xiangrui Wang, Department of Pain Management, Renji 
Hospital, School of Medicine, Shanghai Jiao Tong University, 
1630 Dongfang Road, Shanghai 200127, China;  
Tel.: +86 21 68383198; Fax: +86 21 50903239;  
E-mail: xiangrui68@163.com
Received: 09-01-2016, Accepted: 11-07-2016

INTRODUCTION

Pain is defined by the International Association 
for the Study of Pain (IASP) as an unpleasant sen-
sory and emotional experience associated with actual 
or potential tissue damage. Mechanism-based pain 
classification was proposed for more effective pain 
management. Broadly speaking, three categories of 
pain have been described in the literature: nociceptive 
pain, neuropathic pain, and central sensitization pain. 
Nociceptive pain is pain that is caused by tissue dam-
age and it is usually described as a sharp, aching, or 

throbbing pain that is proportional to the nociceptive 
input.1 Neuropathic pain is defined as pain caused by 
damage or disease affecting the somatosensory nerv-
ous system.2 Central sensitization is a condition of the 
nervous system whereby there is an increased neuronal 
response to stimuli associated with the development 
and maintenance of chronic pain and reduced pain 
modulation.3 There is a significant overlap between 
these three concepts and specific classification of any 
pain must be carried out according to the predominant 
type of pain presented.

Recent research has shown that the generation of 
pain, its transmission, and modulation are directly 
associated with the endocrine system including proopi-
omelanocortin (POMC) products, adrenocorticotro-
phin (ACTH) and the endorphins, the thyroid system 
hormones (TRH, TSH, T3), the growth hormone 
(GH), prolactin, melatonin, insulin, calcitonin, so-
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matomedin, somatostatin, histamine and vasopressin. 
Hormonal dysregulation is closely associated with 
chronic pain syndromes. A diagnostic challenge is in 
assessing whether these changes are a coincidence 
or a consequence and how they are interrelated. This 
review summarizes and analyzes the recent studies 
conducted to determine the relationship between 
chronic pain and hormones.

ENDORphIN aND paIN mODUlaTION

The most thoroughly studied hormones related to 
pain are those that belong to the endogenous opioid 
system. It should be noted that β-endorphin, adreno-
corticotropic hormone (ACTH), and the melanocyte-
stimulating hormones (MSH) derive from a com-
mon precursor molecule, the proopiomelanocortin 
(POMC).4,5 Loh et al showed in 1976 that β-endorphin 
had a potent analgesic effect, and indeed 18 to 33 
times more potent compared to morphine on a molar 
basis. Additionally, they found that chronic, localized 
infusion of β-endorphin into the rat brain could induce 
morphine-like physical dependence.6 Several early 
studies examined the analgesic and pain modulatory 
effects of β-endorphin and the binding of the peptide 
to specific opioid receptors affecting cyclic adenosine 
monophosphate levels and calcium uptake.7 Most 
of these studies were focused on the effects of this 
peptide on the central nervous system.

More recently published studies have shown that 
the products of the POMC gene also affect the im-
mune cells including the lymphocytes, monocytes, 
macrophages, granulocytes, and mast cells. This may 
partially explain the role that endorphin can play in the 
acute pain phase and the overall inflammation. After 
basic molecular processing, endorphin is packaged 
in membrane-bound secretory vesicles8 ready to be 
released when required. The stress of inflammation 
triggers the release of corticotrophin-releasing hor-
mone (CRH).9 The endorphin-producing cells have 
receptors for CRH, which then facilitate the release 
of endorphin. Interestingly, these immune cells also 
have receptors for endorphin themselves, this indi-
cating an autocrine/paracrine effect of endorphin on 
the immune cells10 modulating signal transmission 
of inflammation, the production of cytokines,11 and 
its progress.12 The increased level of opioid peptides, 

including endorphin, in the systemic circulation dur-
ing inflammation may originate from the pituitary 
as well as from peripheral immune cells. As has 
been shown by several studies, opioid receptors are 
widely expressed throughout the central and periph-
eral nervous systems and in numerous non-neuronal 
tissues.13 This may help explain the antinociceptive 
effect of endorphin on peripheral sensory terminals, 
a peripheral effect usually combined with several 
CNS effects. Elucidation of the relationships between 
endorphin, the immune system, and pain may en-
able us to find the key points to ameliorate or even 
inactivate the various components of inflammation 
triggering pain.

Opioid receptor antagonists induce hyperalge-
sia,14 while activation of opioid receptors provides 
pain relief. During the acute phase of inflammation, 
tissue injury-induced μ-opioid receptor constitutive 
activity (MORCA) can suppress spinal nociceptive 
signaling.15 Studies from mice and humans have 
confirmed endogenous opioid-masked latent pain 
sensitization, which provides proof of the relationship 
between endogenous opioids and the transition of 
pain from acute to chronic.16 As a cornerstone therapy 
for the treatment of moderate to severe pain, the use 
of opioids has escalated in recent years. Exogenous 
opioid receptor antagonists may increase sensitivity 
to pain or aggravate preexisting pain.17 The exact 
mechanisms of opioid-induced hyperalgesia are not 
completely understood, thus, investigation of endog-
enous opioids like endorphin is likely to increase our 
understanding of the mechanisms involved in the 
occurrence of hyperalgesia and the transition from 
acute to chronic pain. 

The concentration of endogenous opioids is thought 
to be associated with the level of pain.18 Jadric R et al19 
compared rat brain β-endorphin values after continu-
ous treatment with different anti-depressive drugs and 
found that amitriptyline produced a greater response 
and showed higher brain β-endorphin concentration. 
Similarly, a study on chronic pain in humans conducted 
by Bruehl S showed that an elevated resting plasma 
β-endorphin may be a potential biomarker, indicat-
ing as it did a reduced endogenous opioid analgesic 
effect.20 However, more recent results do not support 
resting plasma β-endorphin levels as a clinically 
useful predictor of opioid analgesic responses.21 The 
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evaluation of β-endorphin levels in body fluids might 
be useful as a marker for disease diagnosis and treat-
ment, but further evidence is required.

ThE hypOThalamIC-pITUITaRy-aDRENal 
(hpa) axIS aND ThE aCTh

Grieo EN et al provided evidence for the dysregula-
tion of the hypothalamic-pituitary-adrenal (HPA) axis 
in patients with fibromyalgia (FM), a disorder associ-
ated with altered functioning of the stress-response 
system and a classic example of central sensitization. 
FM is marked by mild hypocortisolemia, hyperactiv-
ity of pituitary to hypocortisolemia, hyperactivity of 
pituitary ACTH release to CRH, and glucocorticoid 
feedback resistance.22 This phenomenon has been 
found in other conditions related to central sensitiza-
tion and prolonged stress such as the chronic fatigue 
syndrome23 and irritable bowel syndrome.24 Research-
ers including G Blackburn-Munro came up with the 
“Coincidence or Consequence” hypothesis, which 
described chronic stress-induced HPA dysfunction as 
a potential common link between chronic pain and 
depressive illness, this conceivably explaining the 
prevalence of chronic pain when the CNS undergoes 
sensitization.25

HPA dysregulation is not clearly observed in other 
pain categories. EN Grieo’s study also reported that 
hypocortisolemia was observed in nociceptive pain 
but found no evidence of HPA disruption. In the 
chronic neuropathic pain model, abnormal cortisol 
levels were suggested as being abnormal. However, 
a subsequent study based on a rodent neuropathic 
pain model determined that increased nociceptive 
sensitivity during chronic pain is associated with 
changes in the limbic system that were not related 
to HPA axis activation. This study confirmed that 
mRNA expression of corticotrophin-releasing hor-
mone was increased in the central amygdala but not 
in the paraventricular nucleus of the hypothalamus, 
center of the HPA axis.26

HPA axis activation is an effective strategy adopted 
by the body during acute inflammatory and stress. 
Steroids taken orally or by injection are commonly 
used approaches to manage acute and chronic pain, 
although the outcomes are controversial. Further 
basic and clinical studies are necessary to elucidate 

the function of the HPA axis and steroids in pain 
management. It is important to determine their effects 
on the local pain generation and CNS information 
processing and assessing systems which may influ-
ence the rational use of glucocorticoids and optimize 
treatment strategies of chronic pain with regard to 
central sensitization.

ThE ThyROTROpIN gROUp (TRh, TSh, T3)

In the early nineties, rheumatologists from the 
Netherlands found that treatment for thyroid dysfunc-
tion resulted in a temporary effect on musculoskeletal 
symptoms.27 This result suggested a potential relation-
ship between thyroid dysfunction and musculoskeletal 
symptoms. Since then, thyroid hormones (THs) were 
found to play significant roles in other chronic pain 
syndromes such as headache, arthritis, arthralgia, 
myopathies, and fibromyalgia.28,29

A recent study found that hypothyroidism dur-
ing pregnancy promoted hypersensitivity to noxious 
thermal stimulus.30 Other studies have shown that 
THs are essential for the normal maturation of CNS 
and brain function at the anatomical, biochemical, 
and neurophysiological levels,31,32 and that there is 
a connection between thyroid hormones and pain 
perception.33

Based on experimental and clinical evidence, physi-
ologists speculate that THs regulate pain perception by 
modulating the function of the Gamma-Amino-Butyric 
Acid (GABA) system. The GABAergic system plays an 
important role in nociceptive signal processing in the 
CNS. The GABA-A receptor mediates neural inhibition 
via postsynaptic action on spinal cord neurons and the 
cerebral cortex.34 Once the inhibition is reduced, it 
contributes to the development of neuropathic pain.35 
This regulation of GABA-A receptor is also related 
to central sensitization and may be an underlying 
cause of allodynia. The relationship between GABA 
and THs is mutual. THs affect the entire GABAergic 
circuit, including enzyme synthesis, metabolism, 
release, receptor binding, and reuptake. At the same 
time, GABA inhibits thyroid stimulating hormone 
(TSH)-stimulated TH release from the thyroid gland 
and TSH secretion from the pituitary.36 Additional 
research is required to determine the role of THs in 
pain production, transmission, and amplification. 
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It should be noted here that several hypothalamus-
pituitary-thyroid (HPT)-related factors are involved in 
the maintenance of normal nervous system function 
and also in the onset of abnormal states such as chronic 
pain. In future clinical application, thyroid hormones 
will either be important biomarkers of chronic pain 
syndromes during the onset or maintenance phases 
or may be developed as therapeutic interventional 
tools in pain control.

ThE gONaDal hORmONES

There is compelling evidence of gender differences 
in the epidemiology, symptomatology, pathophysi-
ology, and treatment outcome in both clinical pain 
conditions and experimental studies. Fibromyalgia,37 
migraine,38 functional dyspepsia,39 chronic pelvic 
pain,40 chronic fatigue syndrome,41 depression,42 and 
irritable bowel syndrome43 are all more prevalent in 
females. Thus, it is reasonable to investigate the effects 
of gonadal hormones, especially that of estrogens, on 
pain pathways including pain generation, transmis-
sion, and central processing. Because female gonadal 
hormones fluctuate with the menstrual cycle, if estro-
gen contributes to pain processing, pain perception 
would change during the menstrual cycle. However, 
a review of recent well-controlled studies failed to 
find evidence of an effect of menstrual cycle phase 
on the perception of pain sensitivity.44 There is little 
evidence of an estrogenic influence in pain processing 
caused by crosstalk between the estrogen and opioid 
receptors through classic secondary messengers and 
downstream gene transcriptional regulators.45 Several 
studies support a role for testosterone in dampening 
pain and raising the pain threshold.46,47 Additional 
research is needed to clarify the effects of estrogen 
and of testosterone on pain modulation and elucidate 
the potential biological mechanism for such effects.

Similarly to pain perception, pain coping strate-
gies are also different between men and women. 
Psychosocial mechanisms may be more fundamental 
than biological mechanisms.48 A study of pain-related 
brain activation revealed that the menstrual cycle 
can affect the general bodily awareness systems and 
modulate pain at the cognitive level.49

In terms of clinical implications, sex hormones 
may help in the treatment of chronic pain and tes-

tosterone has been found to be effective in treating 
central sensitization in fibromyalgia patients.50 Ad-
ditional research is warranted to further elucidate the 
mechanisms of sex differences in pain to facilitate 
sex-specific treatments that consider both biological 
and psychological factors.

mElaTONIN

Melatonin, a hormone synthesized and secreted 
by the pineal gland, plays an important role in the 
regulation of several important physiological functions 
including sleep and the circadian rhythm. In the early 
1980s, scientists found that information derived from 
environmental light exposure affected pain sensitivity 
via the pineal gland hormone melatonin.51 There is 
an increasing number of recent studies on the effects 
of melatonin on pain.

Melatonin has different roles in different pain 
states due to its widespread presence in the CNS52 
and in a variety of tissues. The potent and long-lasting 
antinociceptive effects of melatonin during acute pain 
status has been reviewed.53 Experiments suggest that 
the analgesic effects of melatonin might be related 
to the opiate system.54 In 2005, it was determined 
that melatonin exerted its analgesic function not by 
binding to opioid receptor subtypes but by increasing 
the release of β-endorphin, the endogenous opioid.55 
In addition, a recent study found that melatonin can 
prevent morphine-induced hyperalgesia and tolerance 
by inhibiting the protein kinase C and N-methyl-D-
aspartate pathways.56

During the inflammatory pathophysiological state, 
activation occurs of different pharmacological targets 
of melatonin, including iNOS, COX-2, cytokines, and 
molecule productions. Its anti-inflammatory effects 
are driven via a number of different classic transcrip-
tional pathways including NFκB, HIF, cAMP, STAT, 
and AP-1.57

In the case of the neuropathic pain, melatonin was 
found to be effective in treating nerve injury,58 spinal 
cord injury,59 post-herpetic neuralgia,60 and migraine.61 
Oxidative stress contributes to all these conditions 
and melatonin acts as an antioxidant, working as a 
free radical scavenger in the L-arginine-NO58 and 
N-methyl-D-aspartate62 pathways.
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be a peripheral mechanism of the analgesic effect 
of calcitonin other than its CNS effects. Additional 
research will further expand our understanding of 
calcitonin and its antinociceptive activity. In the future 
calcitonin may emerge as additional analgesic used 
along NSAIDs and opioids.

OThER hORmONES INvOlvED IN paIN

Insulin and insulin-like growth factors (IGFs) are 
required for vital neuronal functions. Diabetes, meta-
bolic syndrome, and other conditions characterized by 
absolute or functional deficiencies of insulin or IGF-1 
may also present neuronal and vascular complica-
tions. Insulin resistance arises in migraine,77 painful 
peripheral diabetic neuropathy, and musculoskeletal 
pain.78 Acute pain can also induce insulin resistance.79 
Determination of the molecular mechanisms remains 
a challenging goal. 80 Maintenance of normal glucose 
metabolism may provide acute pain relief and reduce 
pain chronicity.

Prolactin abnormalities have been observed in 
autoimmune disease,81 cluster headache,82 and mi-
graine.83 Although trials have been designed to test 
the use of prolactin antagonists as analgesics, further 
evidence of effectiveness is required.

An 18-month multicenter placebo-controlled trial 
conducted by Cuatrecasas et al demonstrated the 
effectiveness of growth hormone as an adjunctive 
therapy for patients with myalgia in reducing pain 
with sustained action over time.84 Further studies are 
required to determine the analgesic effect of growth 
hormone at the molecular level. The effectiveness 
of growth hormone for treating other chronic pain 
syndromes also necessitates further investigation.

In addition, there is a lack of conclusive evidence 
that somatomedin, somatostatin, histamine, vasopres-
sin, and other hormones are linked to pain. Again, more 
clinical studies and basic research are warranted to 
test the connection of these hormones to pain.

CONClUSION 

The IASP describes pain as an unpleasant sensory, 
affective, and cognitive experience that is associated 
with actual or potential tissue damage. However, the 
feeling of pain is subjective and personal, unique 

Several painful disorders have been associated with 
central nervous system sensitization to pain. Abnormal 
serum melatonin concentrations have been detected 
in patients with most of these syndromes, which 
include fibromyalgia,63 chronic fatigue syndrome,64 
and irritable bowel syndrome.65 However, the causes 
and consequences of this phenomenon have not been 
elucidated. Further research is needed to determine 
its function in reducing central sensitization to pain.

Currently, melatonin is used as an adjuvant drug 
in the treatment of several specific conditions, mainly 
due to its ability to improve sleep. In consideration 
of its antinociceptive potential, it might be developed 
as a useful analgesic in the near future and become 
as common as nonsteroidal anti-inflammatory drugs 
(NSAIDs) or opioids.

CalCITONIN

Calcitonin (CT), discovered in 1961 by H Copp,66 
is a 32-amino acid hormone secreted by the para-
follicular cells of the thyroid gland. In humans, it 
exerts a minor effect on calcium balance.67 CT was 
used, and abused, as an analgesic treatment of pain-
ful conditions such as osteoporosis,68 phantom limb 
pain,69 diabetic neuropathy,70 complex regional pain 
syndrome,71 migraine,72 and malignancies.73

According to studies in different fields, CT has 
multisystem binding sites including plasma membranes, 
bone, cultured human lymphocytes, malignant cells, 
and CNS neurons. The receptors for calcitonin have 
been found in the thalamus, periaqueductal grey, 
nucleus gigantocellularis, and raphe nucleus of the 
mouse brain where serotonergic neurons are located. 
These regions are associated with pain processing.74 
It is likely that calcitonin exerts its primary analgesic 
effect through the receptor-mediating modulation of 
serotonergic neuronal activity during pain pathways 
in the CNS.75

Endorphin-mediated mechanisms were also pro-
posed to explain the CNS mechanisms of calcitonin’s 
analgesic action.76 However, further studies are required 
to confirm the connection between these two theories. 
Both in vitro and in vivo data using calcitonin showed 
that it inhibits the synthesis of pain-producing factors 
such as prostaglandins and cytokines. This might 
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and multidimensional. Sometimes, the pain a person 
experiences may be disproportionate to the nature 
and extent of tissue damage, injury or its pathology. 
Thus, we need a more comprehensive explanation 
of its generation, transmission, and processing and 
its pathological amplification in disease states. The 
hormone system may be essential to understanding 
this process as it can affect the human body as a whole 
and interact efficiently with other systems.

Modern pain neuroscience has classified pain as 
peripheral neuropathic pain, nociceptive pain, and 
central sensitization. Hormones may play different 
roles in different types of chronic pain. Hormone dys-
regulation is a component of chronic pain syndromes, 
but there is not yet clear evidence indicating whether 
these are correlated with each other or are causative. 
Addressing this question will guide future clinical 
application. Hormones could serve as important bio-
markers of chronic pain syndromes during the onset 
or maintenance phases or may be a future therapeutic 
target for disease treatment. Research into the possible 
involvement of multiple hormones in the etiology of 
both chronic pain and related disorders may help us 
understand the links between different disease states 
while potentially pointing to novel strategies for the 
development of pharmacotherapies.
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