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Abstract: Pain and depression are interrelated, forming a complex and bidirectional
relationship that can significantly affect patients’ lives. This article aims to collect existing
studies' results on the association between pain and depression, summarize current treatment
for pain-induced depression, and identify its insufficiency and inadequacy, thereby pointing
out a suggestive development direction in the future. The biological pathways of pain,
depression and their comorbidity are also discussed in the essay. The research was conducted
in a literature research and review method.
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1. Introduction

Pain, both acute and chronic, is an unpleasant somatosensory experience that is disturbing to our
mental health. Surprisingly, it is also an alarm signal generated by our nervous system to warn us
about a danger.

The pain pathway is a bidirectional pathway with both afferent and efferent nerves. After the
nociceptor on the peripheral sensory nerve receives noxious stimuli, the signal is transduced and sent
to the spinal cord for modulation, during which neurotransmitters such as glutamate and substance P
in the central nervous system (CNS), and bradykinin and prostaglandins in the peripheral nervous
system mediate the signal. Neurochemical pain initiators are secreted to alleviate the pain signal for
the modulation. Those initiators include serotonin, endorphins, enkephalins, and dynorphin, which
are all also related to mood regulation[1].

Upon the entry of the pain signal into the descending pathway through the thalamus, descending
inhibition molecules will be released in the periaqueductal gray matter (PAG). Similarly, epinephrine,
cortisol, and Adrenocorticotropic Hormone (ACTH) ensure that our sensory perception is not
overwhelmed by pain. Those molecules are also closely related to stress regulation, and in higher
concentration chronically, they may cause depressive disorder.

Therefore, associations between pain and depression exist, and their relationship has been
investigated extensively by neuroscientists. Due to the persistent activation of certain brain areas and
the secreted molecules, a strong correlation has been found between pain and mental state. Patients
suffering from chronic pain are likely to be diagnosed with depression or other mental health
problems.

It has been reported that low concentration level of neurotransmitter generated by above-
mentioned monoaminergic neurons, such as norepinephrine (NE), 5-hydroxytryptamine (5HT) and
Dopamine (DA), can be a possible reason of depression and a series of mental state dysfunction[2].

© 2025 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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Figure 1: Four biophysical causes of depression.

Multiple factors cause depression (Figure 1). Apart from the “monoamine hypothesis”, gene also
plays an important role in the development of depression. In some cases, the patients who carries
MDD (major depressive disorder) susceptibility genes (apolipoprotein E, guanine nucleotide-binding
protein (GND3), methylenetetrahydrofolate reductase (MTHFR 677T), dopamine transporter
(SLC6A3) and the like) have shown higher possibilities of MDD. But the association has not been
fully proved yet[2].

Another biophysical factor involved in depression is the dysfunction of endocrine system. For
instance, the hormonal fluctuation of growth hormone (GH) can disturb the NE system, which affect
the development of depression[2].

It has been reported that generated cytokines, such as interleukins IL1, IL6 and the like, could
result in symptoms similar to MDD. While the specific relation has not been determined yet, great
importance has been attached on the association between cytokines and the development of
depression[2].

Other factors such as environment factors, family and social relation factors, and personal
character factors have certain influence on the development of depression, which are discussed
elsewhere [3][4].

The rate of experiencing depression is notable. According to the WHO, there are approximately
280 million patients suffering from depression, which takes up 3.8% of the world's population,
including 5% of adults and 5.7% of adults over 60 years old. It is shown that women have a 50%
higher tendency to be diagnosed with depression than men, especially women in and after the period
of gestation. Depression also has a serious influence on teenagers and people in young adulthood,
which has become the leading cause of their suicide[5].

People diagnosed with depression can experience constant depressed feelings and carry a hopeless
and pessimistic attitude towards life. Moreover, there are some physical symptoms, such as changes
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in appetite, insomnia, and pains which are unlikely to respond to treatments[6]. In this case, the
patients may be unable to lead a normal life with pressure and despair. When the situation deteriorates,
committing suicide would be considered an option to stop the endless physical and mental pain.
Depression can bring severe consequences to the patients, their families and society.

Recent statistics show that the relation between pain and depression has attracted a lot of attention
in the neuroscience research field. The pain can lead to depression, while depression reduces patients’
pain-perception threshold. Since the consequences of depression are evident, it is urgent to find
effective treatment for the disorder. Therefore, as a crucial factor for depressive disorder, deeper
understanding of the relation between pain and depression is necessary. This essay will collect the
existing information in this field of research, including the mechanism associated with pain and
depression and current methods and issues of pain-induced depression treatment, which provides
support for further studies.

2. Methods

The research was conducted from scholarly sources including Google scholars, the National Center
for Biotechnology Information (NCBI), the Centers for Disease Control and Prevention (CDC), the
World Health Organization (WHO), and the National Institutes of Health (NIH). The search was
limited to papers published in English over the past 20 years that were focused on the following
keywords for research: “pain”, “chronic pain”, “depression”, “depressive syndrome”, “mental health”,
“anxiety”. Studies were included within the following criteria: (a) focused on depression and pain in
human, (b) were published in peer-reviewed journals. Non-English studies and studies mainly

focused on animals were excluded. The figures were created using Biorender.
3.  Discussion

The latest studies show little evidence that acute pain itself will cause depressive disorder, but there
are some situations where depression has effect on the perception of acute pain. One of them
researched much by the scientists is the acute postoperative pain.

There are several published papers during the past 15 years on this topic, but they didn’t stress a
significant relationship between preoperative depression and postoperative pain. Despite some
statistically significant outcomes, there are also papers that failed to show strong relation between
two factors. According to a systematic review of 18 papers in the span of 2008-2016, only fewer than
a half of papers reported that they have a p value smaller than 0.05[7].

In a recent study published in 2024, the author mentioned the association between acute
postsurgical pain and presurgical depressive disorder. The subjects were reported to have moderate-
to-severe acute resting pain (OR 2.87, 95% CI 1.04-7.97) after surgery, if they suffered from
depression before. But it is notable that the presurgical depressive disorder does not have an impact
on the intensity of pain, and it only affects the severity of pain[8]. Therefore, it is deduced that
depression can reduce the pain threshold, which leads to a more severe perception of pain in patients.
Nevertheless, the relationship between acute postoperative pain and preoperative depression still
needs to be further explored.

Acute pain can be caused by exposure to excessive stimuli, including mechanical information,
temperature change, photonic information, and chemical information. The transduced electric current
activates a voltage-gated channel on the nociceptors, then produces action potential to release
neurotransmitters, for example, glutamate, from the nociceptor terminals, which triggers the sense of
pain, even inflammation[1].

The Molecules and neurotransmitters generated in the process of pain perception and signal
transmission also have a strong effect on mood regulation. Patients with depression have lower
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concentration of Serotonin, Endorphins, and Enkephalins, therefore, their brain receives stronger pain
signal, which makes their pain threshold decrease. And the experiment results reviewed above can be
supported by this causal relationship.

If it remains unattended, acute pain will progress into chronic pain, which becomes a significant
cause of depression. Scientists have focused on the transition from acute pain to chronic pain and its
prevention. This will be discussed further in this essay.

Chronic pain has been established as a major cause of depression due to their similar
neuropathways. Studies show that chronic pain patients are more likely to be diagnosed with
depression, and conducted surveys revealed that about 21% of patients in Europe and 35% in the
USA community are comorbid major depressive disorder (MDD) patients[9,10]. For example, a
study of patients with chronic low back pain (LBP) revealed that they had a significantly higher risk
(OR: 1.81, 95% CI: 1.34-2.44) of showing depressive symptoms[11].

Similarly, there is a higher possibility for individuals with MDD to be suffering from chronic pain.
A cross-sectional study of 149,611 subjects in the UK revealed that MDD patients were 12.2% more
likely to report chronic pain symptoms[12]. As depression and chronic pain share a similar
pathophysiological pathway, the areas related to pain modulation, namely the periaqueductal gray,
amygdala, and hypothalamus could be affected in the presence of depressive disorder. Therefore,
some individuals may experience a stronger perception of pain. Some psychological factors also help
to explain a reduced pain threshold, including social isolation, increased threatened feelings, and
reduced physical activities[13].

Constant and severe sensory stimuli can lead to chronic pain may happen. A prolonged
inflammation with the activation of TNF(Tumor Necrosis Factor)-a and interleukins such as IL1, IL6,
and IL1P will induce a series of consequences, for instance, a lower pain threshold and up-regulation
of voltage-gated channels and receptors, which can lead to a hyperexcitable state within the spinal
cord. During the continuous abnormal pain-generating process, the structure of neurons has been
changed to achieve the strengthened ability to transduce signals, which gives rise to the state of
“central sensitization”[14].

The low concentration of monoamine neurotransmitters secreted by monoaminergic neurons, such
as 5-HT, NE, DA, is one of the factors underlying depression. According to the published studies,
subjects were more likely to be diagnosed with depression if the monoamine neurotransmitter
concentration decreased[15,16,17,18]. Monoamine neurotransmitters are released in the descending
pathway to achieve an analgesic purpose, when chronic pain constantly activates the descending
pathway and exhausts the mechanism, the availability of monoamine neurotransmitters will decrease,
which result in depressive disorder[19].

Dopamine, which is a major player in the reward pathway, is also affected by chronic pain. The
midbrain dopaminergic system can be damaged by chronic pain and exhibit reduced reactivity when
stimulated again. With reduced DA concentration, the subject will feel less satisfied and rewarding,
thus there stands a higher possibility of depression[18].

BDNEF is involved in the pain pathway by binding with receptor kinase B (TrkB) and activating
kinase C expression in the spinal cord, which affects hypersensitivity and neuroplasticity in the
progression of neuropathic pain[18].

It has been found that the level of BDNF is reduced in depressed patients and suicide victims,
along with a downregulated level of TrkB activation, which should result in a volume reduction of
prefrontal cortex (PFC) and hippocampus as a typical symptom of MDD patients[20]. According to
early studies, exposure to long-term stress can be a major cause of BDNF decrease in PFC and
hippocampus, while, further discovered in other studies, the BDNF expression is increased in other
brain regions, for instance the nucleus accumbens and amygdala, which contributes to synaptic
plasticity as an potential factor of depressive disorder[21].
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Experiment on mice has shown that the individual difference of comorbidity is associated with
pro-inflammatory cytokines, and reduced levels of BDNF in the PFC in the rodents (tested on spared
nerved ligation subjects with and without depression behaviour). But whether such findings can be
extended to human is still unconfirmed[22].

In certain cases, immune cells can enter CNS through BBB (brain-blood barrier) and cause the
immune response of CNS. Detailed mechanism of such pathological conditions is not discussed in
this article, and more information can be found elsewhere[23,24]. In the pro- and anti-inflammatory
effects, cytokines are be secreted by microglia and other non-immune cells, such as neurons and
astrocytes. Chronic inflammatory process and sustained release of cytokines may disturb several
neuronal functions, including impairment of neurotransmitter signaling and release of
neurotransmitters, which in turn have influence on the neurocircuit and affect cognition and mood
regulation[25].

The exact pathology by which cytokines affect neuronal functions remains partly unclear.
However, blocking peripheral cytokines and blocking BBB is sufficient in antidepressant process[25].
Besides, depressive disorder symptoms have been observed to be aggravated in up to 45% patients
receiving inflammatory pain treatments. Major cytokines causing inflammation-induced depression
are interleukin (IL), TNF, IFNs and the like[18].

The level of glutamate is crucial in chronic pain development, which activated in the excitatory
pathway and transfer pain signals. Constant activation of receptor N-methyl-D-aspartic acid (NMDA)
and oa-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) causes increased pain
sensitivity[18]. In contrast, Gamma-Aminobutyric Acid (GABA) is responsible for its inhibition.
Studies suggest that Na-K-Cl-cotransporter-1 (NKCC1) and K-Cl-cotransporter-2 (KCC2) can affect
GABA transmission. Experiment data showed that higher NKCC1 and KCC2, namely a higher
GABA excitatory level, can be a cause of spontaneous depression[26,27].

Some data suggest that glutamate is involved in depressive disorder. A meta-analysis showed that
the level of glutamate + glutamine (Glx) is decreased in medial prefrontal cortex (mPFC) by a small
size in the depression group compared with the control group. But an elevated glutamate level is also
found in other region of the brain, therefore, disturbing the glutamate balance in the brain[28]. The
antidepressant effect of NMD A antagonists also proved that glutamate plays a role in mood disorders.
Due to the complexity of the association between glutamate and depression, the disorder of glutamate
in MDD patients is still unclear[27].

Sexual disparity, where a higher number of women suffering from depressive disorder is larger
than that of men, has emphasized on the role of hormone in such differences. The incidence
percentage of depression among females has been constantly increasing by an average of 0.39% in
the last 30 years[29]. It has become a serious problem.

Chronic noncancer pain (CNCP) is more common in women, such as musculoskeletal pain,
migraine headache, temporal mandibular disorder, pelvic pain, and the like[30]. The changes in sex
hormones, mainly sex steroid hormones can affect pain perception and threshold. Therefore, women
may be more sensitive to pain around the menstrual cycle, making them more susceptible to
depression[31].

Studies showed that women have lower pain thresholds and a greater prevalence of pain. It is found
that an unstable level of estrogen is the reason why women feel more pain. In contrast, a stable level
of estrogen can be protective. The lowest pain threshold during the ovulatory phase, which has a steep
decrease in estrogen, proves that the fluctuation of estrogen affects pain occurrence, intensity, and
perception[32].

Primate and rodent studies showed that the fluctuation of estrogen is also related to depression
during the menstrual cycle, pregnancy and perimenopausal transition[33]. However, the researchers
have still not concluded, how exactly are estrogen and other sex hormones related to depression.
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Neuroplasticity can provide a linkage between pain with depression. Once acute pain develops
into chronic pain, neuroplasticity occurs due to the presence of consistent abnormalities, which results
in the emergence of depression. As for patients who suffer from depression, their neuroplasticity also
influence their pain perception. The causal relationship is summarized in Table 1.

Table 1: The causal relationship between chronic pain and depression

Mechanism in

Mechanism in

inhibition function

® Still unclear

Abnormality . . . Reference
chronic pain depression
® Constant r.eas[zlfg?lble
® Reduced activation for an depression and a
Monoamine monoamine analgesic purpose serlies of mental [15][16][17]]2]
neurotransmitters | neurotransmitter ® Damage to the state dvsfunction
concentration dopaminergic ° Lesys satisfaction
system and reward
® A volume
reduction of
[
Reduced level prefrontal cortex
of BDNF
. e (PFC) and
® Downregulation | ® Hypersensitivity hippocampus
BDNF of TrkB activation gnd neuroplastl.mty ® Synaptic [18] [20] [21][22]
® Increased in the progression D
- S plasticity as an
activity of nucleus of neuropathic pain o £ ¢
accumbens and potential factor o
amvedala depressive disorder
e ® Comorbidity in
human unconfirmed
[
Immupe . ® Neurocircuit
inflammatory response in the . Chronic changes affecting
factors CNS . inflammatory cognition and mood [25] 18]
® Sustained process .
. regulation
release of cytokines
® Higher NKCCI
o A f
® Disturbed and KCC2 a.ffGCt SpOIlt:IEll:(iliSO
glutamate GABA’s pain . [26][27] 28]
glutamate balance e depression
sensitivity

Sex hormone

® Changes in sex
steroid hormones

® [ ower pain
thresholds and a
greater prevalence
of pain

® CNCP

® Susceptibility to
depression

® Depression
during the
menstrual cycle,
pregnancy and
perimenopausal
transition

® Still unclear

[301[31][32][33]

Abbreviations: CNS, central nervous system; BDNF, brain-derived neurotrophic factor; TrkB,
kinase B; NKCCI1, Na-K-Cl-cotransporter-1; KCC2, K-Cl-cotransporter-2; GABA, Gamma-
Aminobutyric Acid; CNCP, Chronic noncancer pain

In the recent 10 years, depression treatment studies have generally shed light on the effect of opioid.
The clinical use of opioid for analgesic purpose has been widely accepted, and its mechanism is
mainly due to multiple factors: binding to receptors such as mu, kappa and delta, which inhibit the
activation of neuropathways and reduces the secretion of certain neurotransmitters, such as glutamate
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in CNS, to regulate the perception of pain. Meanwhile, opioid can stimulate the release of DA,
therefore, the reward system will be affected and the patient will feel a sense of joy. Since DA and
other monoamine neurotransmitters are also significant in the pathology of major depressive disorder,
opioid is considered to have effect on antidepressant treatment. [18]

Mu receptors are primarily responsible for pain, while kappa receptors are related to emotional
and psychic effects, demonstrating a complementary role to perceive pain. The use of kappa opioid
receptor (KOR) antagonist in the treatment of MDD has been explored. [34] Tested KOR antagonist
can be focused on different situations and symptoms, for instance, Buprenorphine is often used on
the middle-aged and the elderly in treatment for refractory depressive disorder, while Tramadol,
which control the reuptake of 5-HT and NE, and can be effective in depression treatment related to
chronic neuropathic pain. [18]

Nevertheless, a problem of opioid in depression treatment remains to be solved before a wide
application, namely the high addiction rate of patients. Additionally, a long-term use of opioid will
possibly even result in a prolonged depressive disorder. Therefore, further studies are still required
before widespread investment. [18]

Another monoamine related treatment for depression is monoamine oxidase (MAO) inhibitor.
Iproniazid, the first successful pharmacological drug for depression, is categorized as a MAO
inhibitor. Type A MAO is often involved in depression, for it is responsible for the deaminate of 5-
HT, NE and other enzyme activity, which are associated with both pain pathways and depressive
disorder. Inhibiting type A MAO can increase the concentration of above chemicals, thus have impact
on depression treatment. However, the treatment has been out of practice due to its side effects. In
recent years, the potential of MAO inhibitor in chronic pain and chronic pain-induced depression has
come into sight again and practiced on patients. [35] [18]

As mentioned previously, NMDA antagonists can act as an antidepressant drug. [36] Composition
such as memantine, amantadine, and subtype-selective NMDA (NR2B) receptor blockers have been
practiced in MDD patients’ treatment and received satisfying outcomes.

However, the comorbidity of chronic pain caused by glutamate concentration disorder and
depression remains to be further explored due to the complexity of the relationship between glutamate
and MDD occurrence. Therefore, specific medical treatment has rarely been clinically practiced on
chronic pain-induced MDD patients.

Additionally, some studies showed that both endogenous and dietary glutamate can influence
depression. Different studies support the effectiveness of the gut-brain axis on CNS diseases,
including mood regulation dysfunction and disorder. Their relationship and the potential therapy will
not be discussed in this article. Readers can find detailed information elsewhere [27]

BDNF and inflammatory factors can be potential target of Opioids. [18] Using NMDA receptor
antagonist ketamine is effective in upregulating the level of BDNF expression, and therefore realizing
antidepressant treatment. [37] As for BDNF, latest related studies are mainly focused on its role as
Biomarker in MDD treatment. [38] But further experiments need to be conducted to confirm the
effect.

There have been a few widely accepted inflammatory antidepressant drugs, for example,
Nonsteroidal Anti-inflammatory Drugs, Cytokine modulators, Omega-3 polyunsaturated fatty acids,
Minocycline, Statins, and Probiotics and prebiotics. These drugs have analgesic effect, which
contributes to the similar even superior outcome compared with that of first-tier antidepressant drugs
in the market. [39] While there is also evidence of the causal relationship between pain and depression,
a reverse effect might occur in patients with non-inflammatory conditions taking inflammatory drugs,
which still requires deeper investigation in drug itself and an improvement in diagnose. [39]

Apart from the medical therapy, psychotherapy also plays an important role in pain-induced
depression treatment. For the patients suffering from both pain and depression, Interpersonal
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Psychotherapy for Depression and Pain (IPT-P) should be effective. It has 8 sessions and integrates
the traditional pain management process. Therapists should be aware of the role which pain plays in
depression, and adjust the traditional way of cognitive behavioral therapy accordingly. [40]

Current treatments for pain-induced depression still rely mainly on opioid or opioid-related
medications. Due to the complexity of depression, the relationship between depression and pain
caused by the abnormality of certain chemicals remains to be explored. In addition, existing widely-
used opioid analgesics can cause addiction, which can cause additional health and social care burden.
Furthermore, there is a lack of clinical studies investigating the association between acute pain and
depression. Since the distinction between acute and chronic pain is not clear, current studies focus
mostly on the transition from acute to chronic pain and its prevention. Elucidating the causal
relationship between acute pain and depression can shed light on the mechanism of such conditions
and provide insight into new treatments for pain-induced depression.

4. Conclusion

There is a complicated causal relationship between pain and depression. Depression can arise due to
neurotransmitters in the pain pathway, which can also affect the severity of acute pain after the
surgery. Progression of acute pain into chronic pain involve multiple factors that contribute to the
comorbidity of depression and pain, such as monoamine transmitters, BDNF, inflammatory factors,
glutamate and hormones. They have a bidirectional influence, although some has not been clearly
identified yet, on the occurrence of pain-induced depression.

While some medical treatments to treat pain-induced depression have been developed, most of
them are specific to chronic pain, since the biological pathway of acute pain-induced depression
remains to be further explored. Current medicine for pain-induced depression still mainly relies on
opioids. However, novel treatments such as inflammatory antidepressant drugs have recently
appeared. Besides, psychotherapy plays an important role in pain-induced depression treatment.

Future studies are required to investigate developing specific treatments for chronic pain-induced
depression, but also to investigating acute pain-induced depression and its biological pathway, so that
we can treat the patients better.
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