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Abstract: Chronic pain conditions create major financial and emotional burdens that can be devas-
tating for individuals and society. One primary source of pain is arthritis, a common inflammatory
disease of the joints that causes persistent pain in affected people. The main objective of pharma-
cological treatments for either rheumatoid arthritis (RA) or osteoarthritis (OA) is to reduce pain.
Non-steroidal anti-inflammatory drugs, opioids, and opioid antagonists have each been considered
in the management of chronic pain in arthritis patients. Naltrexone is an oral-activated opioid antag-
onist with biphasic dose-dependent pharmacodynamic effects. The molecule acts as a competitive
inhibitor of opioid receptors at high doses. However, naltrexone at low doses has been shown to
have hormetic effects and provides relief for chronic pain conditions such as fibromyalgia, multiple
sclerosis (MS), and inflammatory bowel disorders. Current knowledge of naltrexone suggests that
low-dose treatments may be effective in the treatment of pain perception in chronic inflammatory
conditions observed in patients with either RA or OA. In this review, we evaluated the therapeutic
benefits of low-dose naltrexone (LDN) on arthritis-related pain conditions.

Keywords: pain; arthritis; osteoarthritis; cartilage; naltrexone; opiate; regenerative medicine

1. Introduction and Global Impact of Pain in Medicine

According to the International Association for the Study of Pain (IASP), pain is defined
as “an unpleasant sensory and emotional experience associated with, or resembling that
is associated with, actual or potential tissue damage”. Pain can be either temporary or
acute, but it can also last for a long time. Persistent chronic pain conditions last longer
than three months. Chronic pain is very prevalent in the United States [1]. Based on a
National Health survey, approximately 50 million adults report pain on most days [2].
Frequently, multifaceted treatments are required to manage chronic pain [3]. Due to the
prevalence of painful conditions, the clinical use of opioids has risen in recent years [4–6].
Although opioids provide modest relief, prolonged use of opioids is associated with
several side effects, including drug addiction [7,8]. Furthermore, many opioid trials do not
sufficiently account for patient variability in the pathophysiology of pain [9]. More recently,
alternative methods to combat pain have emerged, including the use of opioid antagonists
at low doses [10]. While this review focuses on low-dose naltrexone, we have provided a
summary of the current uses of various doses of naltrexone in Table 1. This review provides
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an overview of the experimental evidence and current knowledge of the physiological
effects of low-dose naltrexone for the treatment of arthritis-related pain perception.

Table 1. Recent studies using naltrexone (including LDN and ultra-LDN).

Naltrexone Dosage Clinical Uses

50–300 mg (regular dose) Opiate, Alcohol addiction

1–5 mg (LDN) Fibromyalgia, arthritis, Crohn’s disease, multiple sclerosis

0.001–1 mg very low-dose naltrexone (VLDN) Reduced side effects and withdrawal symptoms of opiates

<0.001 mg (ULDN) Similar to VLDN, OA, low back pain, postoperative pain control

This narrative review of the literature examines a broad range of papers that discuss
the potential therapeutic benefits of low-dose naltrexone in different biomedical contexts.
We performed searches in PubMed using the search terms “Naltrexone”, “Low Dose
Naltrexone”, and “chronic pain”, complemented with searches in Google Scholar to account
for studies not covered in PubMed. Results were primarily filtered for date of publication
(from 2012 to 2023). However, some earlier studies were also included to provide historical
context for the current studies. References include the entire set of publications we retrieved,
as well as other relevant sources pertinent to this literature review. The only language
restriction was that we only selected papers written in English. Two authors conducted the
initial search (P.D. and Z.F.), two authors examined whether these studies were appropriate
for inclusion (A.J.v.W. and H.-J.I.), and all authors approved the final list of references. Our
manuscript summarizes these peer-reviewed published studies, and we remain agnostic
about the clinical efficacy of low-dose naltrexone.

2. Applications of Naltrexone in Opioid Use Disorder and Alcohol Use Disorder

Naltrexone (C20H23NO4; MW: 341.4; trade names: Vivitrol, Revia) is a semi-synthetic
opioid developed in the 1960s as an alternative to naloxone for opioid addiction treatment.
It was first approved by the Food and Drug Administration (FDA) in 1984 for the treatment
of opioid use disorder. Subsequently, the use of naltrexone was approved for alcohol
dependency in 1994. The drug is prescribed in the range of 50 to 100 mg per daily dose and
has been traditionally used to treat alcoholism or opioid use disorders [11–13]. Naltrexone
is structurally and functionally similar to the opioid antagonist naloxone, but it has a
longer half-life and better bioavailability. Naltrexone is an opioid antagonist that blocks
the analgesic and euphoric effects of opioids [14]. Originally, naltrexone was developed as
an oral medication, but its effectiveness was diminished by poor adherence. To counter
the non-compliance of patients, formulations were created in which naltrexone could be
injected or implanted. These next-generation formulations of naltrexone exhibit reduced
dependency and overdose mortality while increasing the likelihood that a patient will
remain in treatment for opiate use disorder and alcohol use disorder [15]. Additionally, a
large Swedish study concluded that naltrexone as a monotherapy is associated with a lower
risk of hospitalization for alcohol-related causes and does not increase mortality during
administration [16]. Naltrexone has clinical benefits and represents a viable pharmacother-
apy for opioid use disorder and alcohol use disorder. Because its drug safety profile is well
established, naltrexone could also be considered for other clinical conditions.

3. Pharmacotherapeutic Effects of Naltrexone Are Biphasic

Although naltrexone has clinical benefits for substance abuse disorders, there have
been clinical concerns regarding potential side effects. One early concern was the idea
that naltrexone would worsen feelings of anxiety and depression because it is an opioid
antagonist. The expectation was that naltrexone would have negative effects on the mental
health of patients with opiate use disorder. However, experimental studies showed that
administration of naltrexone reduced anxiety and depression levels back to normal levels
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in patients with opiate use disorder that otherwise would have higher levels of anxiety
and depression [17]. Therefore, naltrexone may have therapeutic benefits with minimal
side effects.

The pharmacological effects of naltrexone may be subjected to complex physiological
feedback mechanisms. Naltrexone exhibits a biphasic dose response (i.e., hormesis) where
it works as an inhibitor at high doses and as an agonist at low doses [18] (Figure 1).
Consequently, low-dose naltrexone (LDN) in amounts ranging from 1 to 5 mg appears
to work differently than the standard dosage typically used for opiate use disorder and
alcohol use disorder. LDN seems to work beyond opioid receptor antagonism and may
modulate inflammatory mediators. Mechanistically, the mu-opioid receptor (OPRM1,
Opioid Receptor Mu 1) is the activating component of a G protein-coupled receptor (GPCR)
signaling pathway. OPRM1 changes its association with heterotrimeric G protein alpha
subunits during chronic opioid administration. Specifically, the OPRM1 signaling pathway
switches from an inhibitory Gi to a stimulatory Gs state. This switch results in prolonged
action potential and leads to several clinical effects, including hyperalgesia, tolerance, and
dependence [19]. It has been documented that LDN not only enhances but also prolongs
opioid analgesia and leads to decreased tolerance and dependence [20–22]. As a result,
LDN has been explored for use as an immune modulator in inflammatory, rheumatologic,
and neurologic diseases. Frequently studied conditions include fibromyalgia, MS, Crohn’s
disease, and arthritis. The primary scope of this review is to present recent scientific
evidence that would support the use of LDN against arthritis-associated pain.
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4. Pharmaco-Kinetics of Naltrexone

Naltrexone is a bitter-tasting white crystalline compound that is soluble in water to a
concentration of about 100 mg/mL. The solubility of the compound permits ingestion as an
oral drug or delivery via injection of small volumes to reach daily doses (from 5 to 100 mg)
for the treatment of substance dependency. For low doses, naltrexone is used in the range of
1 to 5 mg per day. At lower dosing, naltrexone may act beyond opioid receptor antagonism
and modulate neuro-inflammatory processes, including attenuation of glial cells [20,23].
When naltrexone is administered orally, it undergoes complete absorption rapidly, and
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approximately 96% of the drug is absorbed from the gastrointestinal tract [23,24]. Although
the drug is well absorbed, oral bioavailability estimates range from 5 to 40%. Approximately
98% of the drug is metabolized through liver cytosolic dihydrodiol dehydrogenases into
6β-naltrexol and two other minor metabolites [25]. Plasma levels of naltrexone reach their
maximum within one hour upon administration of regular (>5 mg) or low doses (<5 mg),
even though divergent biological effects are observed at either dose due to hormesis.

The plasma half-life of naltrexone varies depending on the route of administration.
After oral administration of naltrexone, it takes 4 h to reduce the plasma concentration
to half. The major active metabolite, 6β-naltrexol, persists in the biological fluid for a
longer time (~13 h) and contributes to the pharmacological response of the drug [23–27].
When the drug is injected intramuscularly, it takes 5 to 10 days for the concentrations
of naltrexone and its metabolites to be reduced to half. Most of the naltrexone and its
metabolites (50 to 80%) are excreted, primarily by the kidney. The renal clearance for
naltrexone is relatively rapid (ranging from 30 to 127 mL/min) and suggests that the
drug is primarily excreted by glomerular filtration. In comparison, renal clearance for 6β-
naltrexol is much slower (ranging from 230 to 369 mL/min), suggesting that an additional
renal tubular secretory mechanism is operative. Consistent with the efficient conversion
of naltrexone to other metabolites, its urinary excretion accounts for less than 2% of an
oral dose, while conjugated 6ß-naltrexol accounts for 43% of an oral dose. Hence, the
excellent bioavailability of naltrexone is determined by efficient intestinal absorption, active
metabolic conversion in the liver to its active form (6β-naltrexol), and passive removal by
kidney filtration. The half-life of naltrexone can vary from four hours to 5 days depending
on the route of administration, and renal clearance involves multiple steps.

5. Physiological Mechanisms of Action of Low-Dose Naltrexone

The fundamental reason for considering LDN in the treatment of chronic pain is that
the biological effects of naltrexone do not conform to linear dosing or saturation curves.
Rather, naltrexone has biphasic effects and follows hormetic principles, in which a full
dose acts as an inhibitor but a low dose of a drug acts as a weak agonist [20,26,27]. The
conventional physiological action of naltrexone is as a competitive inhibitor of the opioid
receptor that blocks the euphoric and sedative effects of opioids as part of the endogenous
opioid system. Naltrexone is thought to act as a competitive antagonist for the µ, κ, and δ

opioid receptors (OPRM1, OPRK1, and OPRD1) in the central nervous system, with the
highest affinity for the µ-opioid receptor (OPRM1). Naltrexone competitively binds to such
receptors and may block the effects of endogenous opioids and antagonize the effects of
exogenous opiates. However, low-dose naltrexone virtually behaves as an opioid receptor
agonist and paradoxically acts as a pain-reducing agent.

Theoretically, a complete blockade of endogenous opioid systems would not be a
desirable outcome with chronic pain patients because it would inactivate a powerful
physiological reward system that modulates our behavior and psychological perspectives.
However, LDN may reduce pain and act agonistically by triggering positive feedback
mechanisms. LDN causes a transient opioid receptor blockade that then prompts the
body to compensate for reduced receptor activity by upregulating both endogenous opi-
oids and opioid receptors [28,29]. For example, LDN stimulates the production of the
body’s endorphins, which represent natural opioids. Beyond opioids, LDN may also have
immuno-modulatory effects by stimulating the production of enkephalin (derived from
its precursor proenkaphilin, PENK), a messenger that commands the immune system to
decrease the production of an inflammatory agent called Substance P (Tachykinin Precursor
1, TAC1) [30,31]. Hence, LDN (i) enhances endogenous analgesia by supporting opioid
upregulation and (ii) suppresses inflammation by repression of critical immune factors and
(iii) other mechanisms that are currently under investigation (see below). Therefore, LDN
may potentially improve both health and quality of life for patients with chronic pain.

LDN may affect inflammation by modulating multiple immunological mechanisms.
Apart from suppressing Substance P (TAC1), LDN has been shown to have anti-inflammatory
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effects on the central nervous system through glial cell regulation. LDN acts as a Toll-like
receptor (TLR4) antagonist [20,32]. When TLR4 is activated in microglia, it stimulates the
production and release of tumor necrosis factor α (TNF), interleukin-1β (IL1B), interferon-β
(IFNB1), and nitric oxide [20]. This glial cell-related inhibition of TLR4 and the concomitant
decrease in inflammatory markers by LDN provides another physiological principle that
is of potential therapeutic benefit to patients with arthritis who experience dysregulated
joint inflammation.

Consistent with this concept, the TLR4 inhibitor TAK-242 (Resatorvid) has been exam-
ined in in vitro and in vivo animal models of RA, where Resatorvid improved inflammatory
symptoms (e.g., in joint tissues of arthritic rats) [24]. Although RA is a systemic inflam-
matory disease in which environmental risk factors play major roles, approximately 50%
of the risk for RA development is attributable to genetic factors [25]. Despite this, inac-
tivation of TLR4 does not necessarily diminish RA symptoms, as evidenced by studies
showing that blockage of TLR4 does not yield a significant change in inflammatory cy-
tokine levels in a placebo, double-blind, randomized study of RA patients nonresponsive
to methotrexate [32]. LDN may to some degree be beneficial for arthritic patients by ex-
erting anti-inflammatory effects mainly via the nervous system. Because pain and joint
inflammation are physiologically distinct mechanisms that are biologically connected, a
combination of drugs along with LDN may show benefits for arthritis treatments [26]. The
promise of LDN for the treatment of arthritis has been recognized for more than three
decades [33,34], but there has been a surprising paucity of studies dedicated to advancing
the clinical potential of LDN in treating arthritis.

6. Therapeutic Potential of LDN in the Treatment of Arthritic Diseases

Rheumatoid Arthritis and Seropositive Arthritis. LDN may have therapeutic poten-
tial in RA, which is an autoimmune condition characterized by chronic inflammation.
Unlike OA, RA mainly affects the synovial lining of the joints rather than the articular
cartilage [35]. LDN may also be considered for patients with seropositive arthritis (SA),
which is observed in a subset of RA patients that carry specific antibodies (i.e., anti-cyclic
citrullinated peptides; ACPAs) and are more likely to have nodules, vasculitis, and lung
issues [36].

One interesting study assessed if there is a beneficial relationship between LDN use
and significant changes in the dispensing of medicines for rheumatoid and seropositive
arthritis [37]. This quasi-experimental study identified patients in Norway with rheumatoid
or seropositive arthritis and involved comparisons with patients before and after the
dispensing of medication. The patients were then stratified into three groups based on LDN
exposure: one LDN prescription dispensed (LDN × 1), two or three LDN prescriptions
dispensed (LDN × 2–3), and four or more LDN prescriptions dispensed (LDN × 4).
Furthermore, the patients served as their own controls, with data collection before and
after treatment. The results of the study showed that persistent use of LDN led to reduced
dispensing of medications (e.g., disease-modifying antirheumatic drugs and NSAIDs) for
rheumatoid and seropositive arthritis. While a limitation of this study is that it is not a
randomized clinical trial, the promising results that were obtained will encourage further
studies on the effects of LDN on different types of arthritis.

Osteoarthritis. At present, there are no ideal disease-modifying drugs that treat both
cartilage defects and pain in OA, which represents a disease involving the progressive
breakdown of cartilage in articulating joints, most often affecting knees and hips. Initial
therapy often includes anti-inflammatory drugs to reduce swelling and pain. LDN shows
promise for the future in the treatment options for OA and has been considered in clini-
cal trials (NIH clinical trials; NCT03008590). Ultra-low-dose naltrexone combined with
traditional medications for the treatment of OA has shown better clinical outcomes than
standard traditional medications [38]. Once the disease progresses to a severe chronic pain
stage, more potent drug regimens using narcotics such as oxycodone may be considered.
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To circumvent the major adverse effects of opiates, several novel treatment strategies
have been developed. One very interesting pharmacotherapy utilizes Oxytrex, which
represents a combination of oxycodone and ultra-low-dose naltrexone (ultra-LDN). In a
three-week phase II clinical trial, Oxytrex was administered to OA patients with moderate
to severe pain [38]. In this clinical trial, patients were placed in one of four groups for
treatment: placebo, oxycodone four times a day (qid), Oxytrex (qid), or Oxytrex twice a day
(bid). The treatment groups all received the same daily dose except for the bid group, which
received half the amount of daily naltrexone compared to the Oxytrex qid group (0.002
and 0.004). Through the course of the 3 weeks, the daily dosage of oxycodone gradually
increased in all treatment groups, whereas the amount of naltrexone remained constant.
Participants recruited for this study had a wide age range (i.e., 18 to 70 years old) and
had experienced moderate to severe pain caused by OA for at least the past three months.
The results of the study showed that Oxytrex administered twice a day was significantly
better than any other treatment in terms of the reduction in pain intensity, the quality of
analgesia, and the duration of pain control each day. As far as adverse effects are concerned,
all treatment groups have similar amounts of adverse effects, such as opioid-related side
effects. These findings on Oxytrex indicate that the therapeutic hormesis-based effects of
LDN as an opioid receptor antagonist may work favorably in the presence of opiates that
act as opioid receptor agonists.

Subsequent studies on Oxytrex [39] revealed that patients taking Oxytrex reported
less physical dependence than patients on oxycodone. Additionally, the study found that
patients taking Oxytrex twice daily had decreased constipation symptoms, somnolence,
and pruritus, all of which are known side effects of opioids such as oxycodone. This large,
controlled study was able to show effective analgesia effects from Oxytrex with negligible
withdrawal symptoms. The main focus of this study was the examination of the effects
of Oxytrex in patients with low back pain. Because lower back pain emerges from the
degeneration of cartilaginous intervertebral disks, the findings are potentially relevant
in the context of OA, which is characterized by the degeneration of articular cartilage.
Importantly, ultra-low-dose naltrexone combined with oxycodone demonstrated fewer
side effects compared to just oxycodone. Therefore, this drug combination may provide the
basis for new treatment regimens to mitigate back pain and may potentially be considered
for OA. A summary of findings of LDN use in RA and OA is provided below in Table 2.

Table 2. Summary of low-dose naltrexone’s therapeutic benefits in arthritis.

Disease Characteristics of the Study LDN Benefits

RA and seropositive arthritis Quasi-experimental study with controlled
before and after comparisons

Reduced dispensing of medications
(antirheumatic agents and NSAIDS)

OA A clinical study with Oxytrex (opiate+LDN)
with a naltrexone dose of 0.004 mg

Reduction in pain and less dependence
compared to opioids

7. Therapeutic Potential of LDN in the Treatment of Non-Arthritic Diseases

Fibromyalgia. The immunomodulatory effects of LDN have been hypothesized to
provide benefits for patients with fibromyalgia, which represents a neuroinflammatory
condition characterized by widespread musculoskeletal pain associated with sleep, memory,
and mood issues. There is some evidence indicating that LDN can provide pain relief
and improve quality of life in patients [40]. In one early study on LDN in fibromyalgia,
LDN was found to mediate a modest reduction (~30%) in symptoms of pain, fatigue,
and stress based on examination of the erythrocyte sedimentation rate as the primary
marker for these conclusions [20,41]. Follow-up studies also reported significant decreases
in inflammatory cytokines such as interleukin-6 (IL6) and TNF-α [20,30]. Studies on
fibromyalgia patients have also considered physical pain, mental health, and physical
functioning in the context of adverse effects due to LDN administration. At the end of the
study, many participants (~50%) experienced a partial improvement in symptoms, while a
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smaller group of participants (~20%) had a major overall improvement in symptoms [26].
Despite these encouraging results, one important limitation of this study is that many
of the participants in this clinical trial not only had symptoms of fibromyalgia, but also
other autoimmune disorders. Nevertheless, it appears that LDN is clinically useful for the
treatment of fibromyalgia due to reducing pain symptoms and inflammatory markers.

In a more recent study, the dose–response relationship when treating fibromyalgia
with LDN was explored [42]. The study included 25 subjects aged 18 to 60 that were
dosed with between 0.75 mg and 6 mg of naltrexone. The effective drug doses for either
50% or 95% of the desired pharmacologic effects were estimated at 3.88 mg (ED50) and
5.40 mg (ED95), respectively. As a secondary outcome, the study measured the effects of
the ten most common fibromyalgia symptoms, including energy levels, musculoskeletal
stiffness, waking unrefreshed, depression, concentration/memory, anxiety, tenderness to
touch, imbalance, and sensitivity to sensory inputs. These symptoms were evaluated via a
questionnaire and each symptom was scored on a scale from 0 to 10 in terms of severity
during the last seven days of the study. The symptoms with the greatest improvement in the
questionnaire were found to be ‘tenderness’ and ‘waking refreshed’, with a mean change of
−2.3 and eight patients reporting a 30% improvement in symptoms. All responders had at
least a minimum improvement of 30% for at least one of the 10 FM symptoms, while most
of the participants showed a minimum level of improvement (30%) for several symptoms.
Although LDN does not mitigate most symptoms of fibromyalgia, the beneficial effects
experienced by the patients indicate that LDN is sufficiently effective to improve quality of
life. Overall, it appears that LDN has potential in the treatment of fibromyalgia due to both
reducing pain symptoms and altering pain quality, while the overall safety and tolerability
of LDN will not decrease general quality of life.

Multiple Sclerosis. LDN is a possible treatment option for MS, a chronic and autoim-
mune disease of the central nervous system that manifests itself as either progressive or
relapse-remitting MS [43]. Although the exact etiology of MS remains to be further estab-
lished, the disease is associated with astrocyte inflammation leading to the recruitment of T
cells to the CNS, demyelination, axonal damage, and neurodegeneration [44,45].

A limited number of studies have examined the therapeutic effects of LDN in patients
with MS. In one retrospective chart review [46] after LDN therapy, 75% of patients noticed
increased or stabilized quality of life. Likewise, in a case report, an LDN dose of 4.5 mg
was provided and the patient had a decrease in the frequency and duration of migraine
headaches as a result [47]. In another study, serum [Met5]—enkephalin (OGF/PENK)
levels were examined as a biomarker for MS. The study found that patients diagnosed with
MS relative to non-MS neurologic patients had reduced serum levels of OGF, which is an
inhibitory peptide that suppresses the proliferation of T and B cells and their respective
cytokines [48,49]. Furthermore, LDN therapy either administered alone or with Copaxone
restored the patient’s enkephalin levels. Thus, LDN may be considered for the treatment of
MS because it may correct imbalances in the immune system and improve the quality of
life of MS patients.

Crohn’s Disease. LDN has also been used as a novel treatment for Crohn’s disease,
which is a multifaceted inflammatory condition affecting the digestive tract. Deregulated
opioid signaling is often associated with Crohn’s disease, and this deregulation influences
the secretion and motility of the gut. Recent studies have indicated the benefits of LDN for
patients with Crohn’s disease (Table 3).
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Table 3. Recent studies involving LDN for Crohn’s disease.

Number of Participants Length of Study, and Dosage Outcomes of Study Reference

17 participants 12 weeks, 4.5 mg naltrexone/day

Crohn’s disease activity index
(CDAI) scores decreased

significantly; 67% achieved
remission (p < 0.001).

Smith [50]

47 participants 12 weeks, 4.5 mg naltrexone/day

LDN led to clinical improvement
in 74.5% and remission in 25.5%

of patients. Naltrexone improved
epithelial barrier function by
improving wound healing.

Lie [51]

Two studies were evaluated:34 adult
patients,12 pediatric patients

12 weeks, 4.5 mg naltrexone/day
0.1 mg/kg up to 4.5 mg

LDN was safe and had minimal
adverse effects. Segal [52]

8. The Relationship between LDN and Depression in Chronic Conditions

The majority of the chronic diseases discussed here have a significant impact on both
the physical and mental health of patients. A previous review that examined 38 studies
on OA noted that both anxiety and depression are highly prevalent in patients with OA.
Patients diagnosed with these conditions experienced more pain and less optimal out-
comes [53]. The relationship between pain and depression has been well documented and
is significant in chronic conditions because pain can amplify feelings of depression and vice
versa, leading to conditions that are difficult to treat [54]. Medication has profound effects
on this reciprocal relationship between pain and depression. It has been demonstrated
that participants with chronic pain and depression have significantly fewer benefits from
antidepressants compared to individuals without chronic pain. Similar to OA, depression
is a risk factor for RA, and if patients develop the disease, the course of the illness will then
be more detrimental [55].

The difficulty in treating chronic pain conditions along with depression has led to novel
approaches, including the use of LDN. In a small randomized controlled trial involving
patients with depression, LDN was added to a treatment regimen involving dopaminergic
antidepressants. The results showed a significant decrease in the Hamilton Depression
Rating Scale [56]. Although larger studies are needed to establish a clear benefit in treating
depression, the results are promising, and the mechanism of action may involve dopamin-
ergic receptors [23]. Further, a recent case report was released in which LDN was added
to the treatment regimen of a patient with fibromyalgia and depression, resulting in an
increase in quality of life, relatedness, and motivation [57]. Similarly, to fibromyalgia,
patients with MS who were prescribed LDN or who had LDN added to their treatment
protocol exhibited a decrease in levels of anxiety and depression [58]. While the relationship
between chronic pain and depression has been well documented, new strategies to treat
chronic inflammatory states may benefit from LDN. A summary of the benefits of LDN in
non-arthritic causes is provided below in Table 4.

Table 4. Summary of low-dose naltrexone’s therapeutic benefits in non-arthritic diseases.

Disease Characteristics of the Study LDN Benefits

Fibromyalgia LDN doses of 3.88 mg or 5.40 mg were used. Reduces pain intensity and quality

Multiple sclerosis
LDN dose of 4.5 mg was used in one study. In another

study, inhibitory peptides were indirectly measured as a
way of assessing efficacy.

Reduces suppression of lymphocytes and improves
quality of life

Crohn’s disease LDN dosage of 4.5 mg naltrexone/day. Wound healing, minimal adverse effects,
improved symptoms

Depression and anxiety
Small-scale studies based on subjective assessments for

patients with treatment regimens supplemented with 1mg
LDN (bid).

Decreased levels of depression and anxiety
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9. Strengths and Limitations

This is a mini literature review on the benefits of LDN in arthritis-related pain con-
ditions and other pain conditions. LDN is an emerging treatment option, and this paper
reviews some of the most recent evidence encouraging the use of LDN. At present, there
is an insufficient number of double-blinded clinical studies that examine the utility of
LDN in various chronic pain conditions to develop a definitive treatment plan for LDN. In
addition, there is a very limited number of studies on the benefits of LDN in arthritis and
firm conclusions are not yet possible. Our review merely provides a summary of relevant
peer-reviewed published studies, and we remain agnostic about the clinical efficacy of
low-dose naltrexone. Despite this, we are optimistic that additional fundamental and
translational studies, as well as clinical trials, will be informative and may establish both
the mechanistic basis and efficacy of LND in the future.

10. Conclusions

The clinical use of LDN provides relief in chronic conditions such as arthritis-related
diseases and other inflammatory conditions, including fibromyalgia, MS, and Crohn’s
disease. The present state of research on these medical conditions focuses on improving
quality of life by reducing common symptoms. Future studies should expand on the
symptoms and focus on disease-related biomarkers specific for each inflammatory disorder
to supply clinicians with a more accurate way of providing diagnosis and treatment. For
some inflammation-related diseases (e.g., MS), there are very few published studies at
present. However, the currently available studies demonstrate both an improvement in
symptoms and a decrease in serum markers. The future of treatment for MS using LDN is
promising, but more studies are needed to demonstrate efficacy, safety, and replicability.
For Crohn’s disease, LDN has proven to be safe while also improving the quality of life
of patients. As with MS, larger clinical studies would help establish a clear protocol for
the treatment of Crohn’s disease. LDN has been one of the most exciting novel treatment
options for different types of arthritis. The limited number of published studies indicate
that LDN decreases pain in patients and has few side effects. To further encourage LDN use
in arthritis, more large-scale double-blinded studies are needed to examine the role of LDN.
LDN shows promising use for future patients, but investments in clinical trials are required
to investigate whether this treatment has significant benefits for patients with arthritis.
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Abbreviations

bid bis in die (twice a day)
FDA Food and Drug Administration
GPCR G protein-coupled receptor
IFNB1 interferon- β
IL1B interleukin-1β
LDN low-dose naltrexone
MS multiple sclerosis
NSAID non-steroidal anti-inflammatory drug
OA osteoarthritis
OPRD1 Opioid Receptor Delta 1
OPRK1 Opioid Receptor Kappa 1
OPRM1 Opioid Receptor Mu 1 (mu-opioid receptor, MOR)
qid quater in die (four times a day)
TAC1 Tachykinin Precursor 1 (Substance P)
TLR4 Toll-like receptor 4
TNF tumor necrosis factor α
Ultra-LDN ultra-low-dose naltrexone

References
1. Institute of Medicine. Relieving Pain in America: A Blueprint for Transforming Prevention, Care, Education, and Research; The National

Academies Press: Washington, DC, USA, 2012; Volume 26. [CrossRef]
2. Yong, R.J.; Mullins, P.M.; Bhattacharyya, N. Prevalence of chronic pain among adults in the United States. Pain 2022, 163, 332.

[CrossRef] [PubMed]
3. Cohen, S.P.; Vase, L.; Hooten, W.M. Chronic pain: An update on burden, best practices, and new advances. Lancet 2021, 397,

2082–2097. [CrossRef] [PubMed]
4. Gleber, R.; Vilke, G.M.; Castillo, E.M.; Brennan, J.; Oyama, L.; Coyne, C.J. Trends in emergency physician opioid prescribing

practices during the United States opioid crisis. Am. J. Emerg. Med. 2020, 38, 735–740. [CrossRef]
5. Rosa, J.; Burke, J.R. Changes in opioid therapy use by an interprofessional primary care team: A descriptive study of opioid

prescription data. J. Manip. Physiol. Ther. 2021, 44, 186–195. [CrossRef] [PubMed]
6. Essack, Y.; Stanfliet, J. Opioid abuse. Prof. Nurs. Today 2016, 20, 20–21.
7. Bennett, C.D. New Jersey’s opiod addiction health crisis. Md Advis. A J. New Jersey Med. Community 2017, 10, 5–6.
8. Paul, S.M.; Allread, V. Opiod misuse, abuse and addiction part 2: Opiod prescriber responsibilities and resources. Md Advis. A J.

New Jersey Med. Community 2017, 10, 4–16.
9. Gilron, I.; Carr, D.B.; Desjardins, P.J.; Kehlet, H. Current methods and challenges for acute pain clinical trials. PAIN Rep. 2018,

4, e647. [CrossRef]
10. Bruun, K.D.; Blichfeldt-Eckhardt, M.R.; Vægter, H.B.; Lauridsen, J.T.; Amris, K.; Toft, P. Low-dose naltrexone for the treatment of

fibromyalgia: Investigation of dose-response relationships. Pain Med. 2020, 21, 2253–2261. [CrossRef]
11. Shen, K.-F.; Crain, S.M. Ultra-low doses of naltrexone or etorphine increase morphine’s antinociceptive potency and attenuate

tolerance/dependence in mice. Brain Res. 1997, 757, 176–190. [CrossRef]
12. Shen, K.-F.; Crain, S.M.; Moate, P.; Boston, R.; de Kater, A.W.; Schoenhard, G.L. PTI-801, a novel formulation of oxycodone, shows

absence of tolerance, physical dependence and naloxone-precipitated withdrawal effects in mice. J. Pain 2002, 3, 49.
13. Shen, K.-F.; Crain, S.M.; Moate, P.; Boston, R.; de Kater, A.W.; Schoenhard, G.L. PTI-555, reverses and prevents morphine-induced

tolerance and naloxone precipitated withdrawal in mice chronically treated with morphine. J. Pain 2002, 3, 50.
14. Soin, A.; Soin, Y.; Dann, T.; Buenaventura, R.; Ferguson, K.; Atluri, S.; Sachdeva, H.; Sudarshan, G.; Akbik, H.; Italiano, J.

Low-dose naltrexone use for patients with chronic regional pain syndrome: A systematic literature review. Pain Physician 2021,
24, 406.

15. Larney, S.; Gowing, L.; Mattick, R.P.; Farrell, M.; Hall, W.; Degenhardt, L. A systematic review and meta-analysis of naltrexone
implants for the treatment of opioid dependence. Drug Alcohol Rev. 2014, 33, 115–128. [CrossRef] [PubMed]

16. Krupitsky, E.; Zvartau, E.; Blokhina, E.; Verbitskaya, E.; Wahlgren, V.; Tsoy-Podosenin, M.; Bushara, N.; Burakov, A.; Masalov, D.;
Romanova, T.; et al. Anhedonia, depression, anxiety, and craving in opiate dependent patients stabilized on oral naltrexone or an
extended release naltrexone implant. Am. J. Drug Alcohol Abus. 2016, 42, 614–620. [CrossRef]

17. Edinoff, A.N.; Nix, C.A.; Orellana, C.V.; StPierre, S.M.; Crane, E.A.; Bulloch, B.T.; Cornett, E.M.; Kozinn, R.L.; Kaye, A.M.;
Murnane, K.S.; et al. Naltrexone Implant for Opioid Use Disorder. Neurol. Int. 2021, 14, 49–61. [CrossRef] [PubMed]

18. Cant, R.; Dalgleish, A.G.; Allen, R.L. Naltrexone inhibits IL-6 and TNFalpha production in human immune cell subsets following
stimulation with ligands for intracellular toll-like receptors. Front. Immunol. 2017, 8, 809. [CrossRef]

https://doi.org/10.3109/15360288.2012.678473
https://doi.org/10.1097/j.pain.0000000000002291
https://www.ncbi.nlm.nih.gov/pubmed/33990113
https://doi.org/10.1016/S0140-6736(21)00393-7
https://www.ncbi.nlm.nih.gov/pubmed/34062143
https://doi.org/10.1016/j.ajem.2019.06.011
https://doi.org/10.1016/j.jmpt.2021.01.003
https://www.ncbi.nlm.nih.gov/pubmed/33879351
https://doi.org/10.1097/PR9.0000000000000647
https://doi.org/10.1093/pm/pnaa001
https://doi.org/10.1016/S0006-8993(97)00197-2
https://doi.org/10.1111/dar.12095
https://www.ncbi.nlm.nih.gov/pubmed/24299657
https://doi.org/10.1080/00952990.2016.1197231
https://doi.org/10.3390/neurolint14010004
https://www.ncbi.nlm.nih.gov/pubmed/35076607
https://doi.org/10.3389/fimmu.2017.00809


Biomedicines 2023, 11, 1620 11 of 12

19. Roeckel, L.-A.; Utard, V.; Reiss, D.; Mouheiche, J.; Maurin, H.; Robé, A.; Audouard, E.; Wood, J.N.; Goumon, Y.; Simonin, F.;
et al. Morphine-induced hyperalgesia involves mu opioid receptors and the metabolite morphine-3-glucuronide. Sci. Rep. 2017,
7, 10406. [CrossRef]

20. Younger, J.; Parkitny, L.; McLain, D. The use of low-dose naltrexone (LDN) as a novel anti-inflammatory treatment for chronic
pain. Clin. Rheumatol. 2014, 33, 451–459. [CrossRef]

21. Kim, Y.H.; West, K. Treating chronic pain with low dose naltrexone and ultralow dose naltrexone: A review paper. J. Pain Manag.
Ther. 2019, 3, 1.

22. Afshari, R.; Khadem-Rezaiyan, M.; Moghadam, H.K.; Talebi, M. Very low dose naltrexone in opioid detoxification: A double-blind,
randomized clinical trial of efficacy and safety. Toxicol. Res. 2020, 36, 21–27. [CrossRef]

23. Greig, S.L.; Keating, G.M. Naltrexone ER/Bupropion ER: A Review in Obesity Management. Drugs 2015, 75, 1269–1280. [CrossRef]
24. Sudakin, D. Naltrexone: Not just for opioids anymore. J. Med. Toxicol. 2015, 12, 71–75. [CrossRef] [PubMed]
25. Krieter, P.; Gyaw, S.; Chiang, C.N.; Crystal, R.; Skolnick, P. Enhanced intranasal absorption of naltrexone by dodecyl maltopyra-

noside: Implications for the treatment of opioid overdose. J. Clin. Pharmacol. 2019, 59, 947–957. [CrossRef]
26. Kim, P.S.; Fishman, M.A. Low-dose naltrexone for chronic pain: Update and systemic review. Curr. Pain Headache Rep. 2020,

24, 64. [CrossRef]
27. Colomer-Carbonell, A.; Sanabria-Mazo, J.P.; Hernández-Negrín, H.; Borràs, X.; Suso-Ribera, C.; García-Palacios, A.; Muchart, J.;

Munuera, J.; D’Amico, F.; Maes, M.; et al. Study protocol for a randomised, double-blinded, placebo-controlled phase III trial
examining the add-on efficacy, cost–utility and neurobiological effects of low-dose naltrexone (LDN) in patients with fibromyalgia
(INNOVA study). BMJ Open 2022, 12, e055351. [CrossRef] [PubMed]

28. Jackson, D.; Singh, S.; Zhang-James, Y.; Faraone, S.; Johnson, B. The effects of low dose naltrexone on opioid induced hyperalgesia
and fibromyalgia. Front. Psychiatry 2021, 12, 136. [CrossRef]

29. Rivera, V.; DeCicco, J.; Espiritu, S. Proceedings# 47: Low dose naltrexone: A viable alternative for long term chronic pain? Brain
Stimul. Basic Transl. Clin. Res. Neuromodulation 2019, 12, e118–e120. [CrossRef]

30. Andreesen, J.; Svoboda, A.; Fiacp, P.D. Low dose naltrexone in dermatology. J. Drugs Dermatol. 2019, 18, 235–238.
31. Wahid, H.H.; Chin, P.Y.; Sharkey, D.J.; Diener, K.R.; Hutchinson, M.R.; Rice, K.C.; Moldenhauer, L.M.; Robertson, S.A. Toll-like

receptor-4 antagonist (+)-naltrexone protects against carbamyl-platelet activating factor (cPAF)-induced preterm labor in mice.
Am. J. Pathol. 2020, 190, 1030–1045. [CrossRef]

32. Monnet, E.; Choy, E.H.; McInnes, I.; Kobakhidze, T.; De Graaf, K.; Jacqmin, P.; Lapeyre, G.; De Min, C. Efficacy and safety of
NI-0101, an anti-toll-like receptor 4 monoclonal antibody, in patients with rheumatoid arthritis after inadequate response to
methotrexate: A phase II study. Ann. Rheum. Dis. 2020, 79, 316–323. [CrossRef] [PubMed]

33. Cattaneo, I.; Kayser, V.; Guilbaud, G. Differential effects of specific δ and κ opioid receptor antagonists on the bidirectional
dose-dependent effect of systemic naloxone in arthritic rats, an experimental model of persistent pain. Brain Res. 1993, 623,
201–207. [CrossRef] [PubMed]

34. Desmeules, J.; Kayser, V.; Gacel, G.; Guilbaud, G.; Roques, B. The highly selective δ agonist BUBU induces an analgesic effect in
normal and arthritic rat and this action is not affected by repeated administration of low doses of morphine. Brain Res. 1993, 611,
243–248. [CrossRef]

35. Mayo Foundation for Medical Education and Research. (18 May 2021). Rheumatoid arthritis. MayoClinic. Available online: https:
//www.mayoclinic.org/diseases-conditions/rheumatoid-arthritis/symptoms-causes/syc-20353648 (accessed on 10 December 2022).

36. WebMD. (n.d.). Types of Rheumatoid arthritis: Seropositive RA vs. Seronegative Ra. WebMD. Available online: https:
//www.webmd.com/rheumatoid-arthritis/rheumatoid-arthritis-types#:~:text=Having%20seropositive%20RA%20means%20
your,if%20you%20have%20anti%2DCCPs (accessed on 10 December 2022).

37. Raknes, G.; Småbrekke, L. Low dose naltrexone: Effects on medication in rheumatoid and seropositive arthritis. A nationwide
register-based controlled quasi-experimental before-after study. PLoS ONE 2019, 14, e0212460. [CrossRef]

38. Mannelli, P.; Patkar, A.; Peindl, K.; Gottheil, E.; Wu, L.-T.; Gorelick, D. Early outcomes following low dose naltrexone enhancement
of opioid detoxification. Am. J. Addict. 2009, 18, 109–116. [CrossRef]

39. Webster, L.R.; Butera, P.G.; Moran, L.V.; Wu, N.; Burns, L.H.; Friedmann, N. Oxytrex minimizes physical dependence while
providing effective analgesia: A randomized controlled trial in low back pain. J. Pain 2006, 7, 937–946. [CrossRef]

40. Partridge, S.; Quadt, L.; Bolton, M.; Eccles, J.; Thompson, C.; Colasanti, A.; Bremner, S.; Jones, C.I.; Bruun, K.D.; Van Marwijk,
H. A systematic literature review on the clinical efficacy of low dose naltrexone and its effect on putative pathophysiological
mechanisms among patients diagnosed with fibromyalgia. Heliyon 2023, 9, e15638. [CrossRef]

41. Naltrexone lowers hospital admissions in alcohol use disorder. Practitioner 2021, 1852, 9.
42. Patten, D.K.; Schultz, B.G.; Berlau, D.J. The safety and efficacy of low-dose naltrexone in the management of chronic pain

and inflammation in multiple sclerosis, fibromyalgia, crohn’s disease, and other chronic pain disorders. Pharmacother. J. Hum.
Pharmacol. Drug Ther. 2018, 38, 382–389. [CrossRef]

43. National Multiple Sclerosis Society. What Is MS? Available online: www.nationalmssociety.org/about-multiple-sclerosis/index.
aspx (accessed on 5 August 2016).

44. Leddy, S.; Dobson, R. Multiple sclerosis. Medicine 2020, 48, 588–594. [CrossRef]
45. Katsavos, S.; Anagnostouli, M. Biomarkers in Multiple Sclerosis: An Up-to-Date Overview. Mult. Scler. Int. 2013, 2013, 20.

[CrossRef]

https://doi.org/10.1038/s41598-017-11120-4
https://doi.org/10.1007/s10067-014-2517-2
https://doi.org/10.1007/s43188-019-00008-2
https://doi.org/10.1007/s40265-015-0427-5
https://doi.org/10.1007/s13181-015-0512-x
https://www.ncbi.nlm.nih.gov/pubmed/26546222
https://doi.org/10.1002/jcph.1384
https://doi.org/10.1007/s11916-020-00898-0
https://doi.org/10.1136/bmjopen-2021-055351
https://www.ncbi.nlm.nih.gov/pubmed/34992118
https://doi.org/10.3389/fpsyt.2021.593842
https://doi.org/10.1016/j.brs.2018.12.216
https://doi.org/10.1016/j.ajpath.2020.01.008
https://doi.org/10.1136/annrheumdis-2019-216487
https://www.ncbi.nlm.nih.gov/pubmed/31892533
https://doi.org/10.1016/0006-8993(93)91428-U
https://www.ncbi.nlm.nih.gov/pubmed/8221101
https://doi.org/10.1016/0006-8993(93)90509-L
https://www.mayoclinic.org/diseases-conditions/rheumatoid-arthritis/symptoms-causes/syc-20353648
https://www.mayoclinic.org/diseases-conditions/rheumatoid-arthritis/symptoms-causes/syc-20353648
https://www.webmd.com/rheumatoid-arthritis/rheumatoid-arthritis-types#:~:text=Having%20seropositive%20RA%20means%20your,if%20you%20have%20anti%2DCCPs
https://www.webmd.com/rheumatoid-arthritis/rheumatoid-arthritis-types#:~:text=Having%20seropositive%20RA%20means%20your,if%20you%20have%20anti%2DCCPs
https://www.webmd.com/rheumatoid-arthritis/rheumatoid-arthritis-types#:~:text=Having%20seropositive%20RA%20means%20your,if%20you%20have%20anti%2DCCPs
https://doi.org/10.1371/journal.pone.0212460
https://doi.org/10.1080/10550490902772785
https://doi.org/10.1016/j.jpain.2006.05.005
https://doi.org/10.1016/j.heliyon.2023.e15638
https://doi.org/10.1002/phar.2086
www.nationalmssociety.org/about-multiple-sclerosis/index.aspx
www.nationalmssociety.org/about-multiple-sclerosis/index.aspx
https://doi.org/10.1016/j.mpmed.2020.06.008
https://doi.org/10.1155/2013/340508


Biomedicines 2023, 11, 1620 12 of 12

46. Turel, A.P.; Oh, K.H.; Zagon, I.S.; McLaughlin, P.J. Low dose naltrexone for treatment of multiple sclerosis: A retrospective chart
review of safety and tolerability (Letter). J. Clin. Psychopharmacol. 2015, 35, 609–611. [CrossRef] [PubMed]

47. Codino, H.; Hardin, A. Low Dose Naltrexone in Conjunction with the Wahls Protocol to Reduce the Frequency of Chronic
Migraines in a Patient with Multiple Sclerosis: A Case Study. Integr. Med. 2021, 20, 30–34.

48. Rosenblum, M.D.; Remedios, K.A.; Abbas, A.K. Mechanisms of human autoimmunity. J. Clin. Investig. 2015, 125, 2228–2233.
[CrossRef] [PubMed]

49. Ludwig, M.D.; Zagon, I.S.; McLaughlin, P.J. Featured Article: Serum [Met5]-enkephalin levels are reduced in multiple sclerosis
and restored by low-dose naltrexone. Exp. Biol. Med. 2017, 242, 1524–1533. [CrossRef]

50. Smith, J.P.; Stock, H.; Bingaman, S.; Mauger, D.; Rogosnitzky, M.; Zagon, I.S. Low-dose naltrexone therapy improves active
Crohn’s disease. Am. J. Gastroenterol. 2007, 102, 820–828. [CrossRef]

51. Lie, M.R.K.L.; Van Der Giessen, J.; Fuhler, G.M.; De Lima, A.; Peppelenbosch, M.P.; Van Der Ent, C.; Van Der Woude, C.J. Low
dose Naltrexone for induction of remission in inflammatory bowel disease patients. J. Transl. Med. 2018, 16, 55. [CrossRef]

52. Segal, D.; Macdonald, J.K.; Chande, N. Low dose naltrexone for induction of remission in Crohn’s disease. Cochrane Database Syst.
Rev. 2014, 2, 010410. [CrossRef]

53. Sharma, A.; Kudesia, P.; Shi, Q.; Gandhi, R. Anxiety and depression in patients with osteoarthritis: Impact and management
challenges. Open Access Rheumatol. Res. Rev. 2016, 8, 103–113. [CrossRef]

54. Doan, L.; Manders, T.; Wang, J. Neuroplasticity Underlying the Comorbidity of Pain and Depression. Neural Plast. 2015, 2015,
1–16. [CrossRef]

55. Vallerand, I.A.; Patten, S.B.; Barnabe, C. Depression and the risk of rheumatoid arthritis. Curr. Opin. Rheumatol. 2019, 31, 279–284.
[CrossRef] [PubMed]

56. Mischoulon, D.; Hylek, L.; Yeung, A.S.; Clain, A.J.; Baer, L.; Cusin, C.; Ionescu, D.F.; Alpert, J.E.; Soskin, D.P.; Fava, M.
Randomized, proof-of-concept trial of low dose naltrexone for patients with breakthrough symptoms of major depressive
disorder on antidepressants. J. Affect. Disord. 2017, 208, 6–14. [CrossRef] [PubMed]

57. Siembida, J.; Johnson, B. Depression in fibromyalgia patients may require low-dose naltrexone to respond: A case report. Cureus
2022, 14, 22677. [CrossRef] [PubMed]

58. McLaughlin, P.J.; Odom, L.B.; Arnett, P.A.; Orehek, S.; Thomas, G.A.; Zagon, I.S. Low-dose naltrexone reduced anxiety in persons
with multiple sclerosis during the COVID-19 pandemic. Int. Immunopharmacol. 2022, 113 Pt B, 109438. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1097/JCP.0000000000000373
https://www.ncbi.nlm.nih.gov/pubmed/26203498
https://doi.org/10.1172/JCI78088
https://www.ncbi.nlm.nih.gov/pubmed/25893595
https://doi.org/10.1177/1535370217724791
https://doi.org/10.1111/j.1572-0241.2007.01045.x
https://doi.org/10.1186/s12967-018-1427-5
https://doi.org/10.1002/14651858.CD010410.pub2
https://doi.org/10.2147/OARRR.S93516
https://doi.org/10.1155/2015/504691
https://doi.org/10.1097/BOR.0000000000000597
https://www.ncbi.nlm.nih.gov/pubmed/30789849
https://doi.org/10.1016/j.jad.2016.08.029
https://www.ncbi.nlm.nih.gov/pubmed/27736689
https://doi.org/10.7759/cureus.22677
https://www.ncbi.nlm.nih.gov/pubmed/35386139
https://doi.org/10.1016/j.intimp.2022.109438

	Introduction and Global Impact of Pain in Medicine 
	Applications of Naltrexone in Opioid Use Disorder and Alcohol Use Disorder 
	Pharmacotherapeutic Effects of Naltrexone Are Biphasic 
	Pharmaco-Kinetics of Naltrexone 
	Physiological Mechanisms of Action of Low-Dose Naltrexone 
	Therapeutic Potential of LDN in the Treatment of Arthritic Diseases 
	Therapeutic Potential of LDN in the Treatment of Non-Arthritic Diseases 
	The Relationship between LDN and Depression in Chronic Conditions 
	Strengths and Limitations 
	Conclusions 
	References

