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Obesity is a powerful driver in the development and progression of osteoarthritis (OA), contributing to increased mechanical load
and metabolic stress, making it a valuable target for treatment. Weight loss is a cornerstone of OA management, improving
patients’ quality of life and disease outcomes. This review examines the potential of dual amylin and calcitonin receptor agonists
(DACRA:sS) as disease-modifying osteoarthritis drugs. We highlighted the relevant pathophysiological pathways of metabolically
driven OA, previously studied pharmacotherapies, and clinical and preclinical evidence demonstrating that DACRAs target multiple
OA pathways. Among the investigated pharmacotherapies, there have been no extensive evaluations of weight-loss drugs for OA.
More potent weight-loss pharmacotherapies have been tested in clinical trials for the treatment of OA in recent years. However, not
all weight-loss pharmacotherapies possess the qualities essential for OA management. DACRAs are notable for their multifaceted
effects on OA management. DACRAs induce weight loss by activating the amylin receptor, thereby improving patients’ quality of
life and reducing OA pain intensity. Additionally, DACRAs activate the calcitonin receptor, known for its skeletal pain-relieving
effects and for slowing down bone remodeling, potentially preserving the joint’s cartilage and bone. With their dual action on
metabolic and skeletal pathways, DACRAs offer a unique combination of weight loss, pain relief, and a positive influence on joint
structures, distinguishing them from other weight-loss pharmacotherapies and making them a worthy candidate for further
investigation in osteoarthritis, particularly when driven by metabolic dysfunction.
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INTRODUCTION

Osteoarthritis (OA) of the knee is the most prevalent form of OA
[1]. It is characterized by chronic pain, reduced mobility, disability,
and impaired quality of life [2]. A major risk factor for the
development and progression of OA is obesity [3].

Obesity has a dual impact on OA development and progression:
it increases mechanical stress on weight-bearing joints and
induces metabolic dysfunction and excess fat deposition, leading
to systemic inflammation, a phenomenon termed metabolic OA
[4]. Patients younger than 64 years old who underwent
arthroplasty were four times more likely to have obesity [5].
Furthermore, OA shows a higher prevalence among women than
men, especially knee OA. Reasons for such differences could be
lower estrogen levels during menopause, which causes the
deterioration of bone metabolism and joint health, and, on the
other hand, the higher prevalence of obesity among women
compared to men globally. Still, causality cannot be confirmed,
and hormonal therapies failed to provide viable treatment to OA
[6, 7]. Consistent with obesity worsening the disease, weight
reduction is associated with a 2% improvement in Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC)

pain, function, and stiffness scores for each 1% reduction in body
weight [8]. Accordingly, treatment guidelines recommend weight
reduction and physical activity as first-line management for
metabolic OA [9]. Clinically meaningful weight loss, despite being
difficult to maintain, does improve patient-reported outcomes
related to pain and quality of life [10]. This is irrespective of
whether the weight loss is through a very low-calorie diet or
bariatric surgery, both of which appear to reduce knee pain in
persons with metabolic OA [11]. On the other hand, the recently
completed STEP-9 trial demonstrated that weight loss resulted in
clinically meaningful reductions in knee pain [12]. An important
consideration in weight loss is the loss of bone and muscle
[13, 14]. In this context, optimal therapy for patients with
metabolic OA is a treatment that reduces pain, protects bone
and cartilage, and facilitates clinically significant weight loss,
representing a promising strategy toward combined disease and
symptom modification.

To address these therapeutic needs, a novel class of molecules,
Dual Amylin and Calcitonin Receptor Agonists (DACRAs), is highly
relevant. The dual activity yields analgesic effects and structural
preservation through calcitonin receptor activation, in addition to
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weight loss driven by amylin receptor activation. In this narrative
review, we discuss how DACRAs are considered leading candi-
dates for metabolic OA treatment. Relevant literature showing
DACRA effects on OA, amylin-mediated metabolic effects,
calcitonin effects on pain, and calcitonin effects on bone in OA
were identified through searches of PubMed using combinations
of keywords “DACRA AND osteoarthritis,” “amylin,” “calcitonin
AND osteoarthritis,” and “calcitonin AND bone loss.” Articles were
selected for their relevance to examining the potential role of
DACRAs as osteoarthritis therapies, with an emphasis on studies of
metabolic effects on joint health and direct and indirect effects
on pain.

OSTEOARTHRITIS PATHOLOGY AND PROGRESSION

Traditionally, damage to the articular cartilage has been regarded
as the central pathogenic mechanism underlying the develop-
ment and progression of OA [2]. Yet, many studies have shown the
involvement of other joint structures in the pathology and
progression of OA, including synovial inflammation and subchon-
dral bone remodeling and sclerosis [2]. In the presence of one or
more risk factors, such as obesity, age, mechanical overloading,
and joint structural misalignment, OA is triggered, manifesting as
pathological changes in multiple joint structures, including
cartilage, subchondral bone, and synovium [15]. In response to
mechanical or inflammatory stress, activated chondrocytes
remodel the cartilage and release various inflammatory mediators
[15]. The subchondral bone undergoes substantial remodeling,
becoming thicker, but paradoxically weaker, eventually breaking
through the tidemark and bringing along nerves and blood
vessels into the cartilage. Given that cartilage tissue normally lacks
vasculature and nerve endings, innervation increases pain [16].
The damage to the tidemark nerve endings in the joint's pro-
inflammatory state arguably initiates the development of neuro-
pathic pain [17, 18]. A significant source of intra-articular
inflammatory mediators is the synovial membrane and the
infrapatellar fat pad [19]. The synovial membrane becomes
markedly inflamed as the disease develops, following the
recruitment of macrophages and the release of inflammatory
mediators in the joint cavity [20]. Synovial fibroblasts play a crucial
role in OA progression, with distinct populations that contribute to
fibrosis [21]. While OA presents with various phenotypes, these
phenotypes overlap and affect multiple joint structures, suggest-
ing a whole-joint disease influenced by the whole body [15]. In
particular, the metabolically driven endotype is a major modifiable
factor in both OA development and progression [22].

METABOLIC OSTEOARTHRITIS
Multiple pathways mediate the metabolic influence on OA [22].
Obesity increases joint loading in hip and knee OA [22].
Nevertheless, epidemiological studies have also shown an
elevated incidence of OA in non-weight-bearing joints in
individuals who exhibit overweight BMI, suggesting that obesity
can provoke OA through other pathways [23]. Among possible
pathways, obesity can promote OA’s progression through
subchondral bone densification, as the BMI of OA patients
positively correlated with subchondral trabecular bone remodel-
ing [24]. Subchondral bone remodeling is one of the main steps in
OA’s progression, possibly preceding cartilage degradation [25].
Obesity fuels OA development through three major pathways
(Fig. 1). (1) The role of inflammation in OA progression provides a
tangible link between OA and obesity [22]. Adipose tissue plays a
major role in OA development, and excess adiposity elevates
insulin resistance, pro-inflammatory markers, and adipokines
implicated in OA progression [26, 27]. The increase in white
adipose tissue mass in obesity creates an excess of free fatty acids
and adipokines [28]. Free fatty acids induce macrophages to
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release pro-inflammatory cytokines such as TNF-q, IL-1, and IL-6,
shifting them toward a more inflammatory phenotype, further
infiltrating the joint space, and contributing to local joint
inflammation [28]. The infrapatellar fat pad is also a source of
pro-inflammatory mediators driving inflammation and tissue
remodeling [29]. Adipokines are dysregulated in obesity, and
lower levels of adiponectin and elevated levels of leptin have been
associated with OA pain and structural severity [28]. In this
inflammatory state, matrix metalloproteinase (MMP) activity
increases, leading to ECM degradation and inhibition of proteo-
glycan and collagen type Il production, the building blocks of
cartilage [30]. Exosomal RNA contributes to the triggering of
synovitis and fibroblast senescence in obesity [31]. (2) The bone
remodeling process provides structural changes, growth factors,
and mediators that can both trigger the disease and speed up
progression [28]. (3) The nociceptive and neuropathic pathways of
pain are facilitated in dysfunctional metabolic states [28]. Obesity
increases mechanical loading and inflammatory stressors, culmi-
nating in cartilage damage and synovial membrane inflammation,
inducing nociceptive pain. The neuropathic pathway is more
ambiguous; however, pain neurotransmitters, such as nerve
growth factor (NGF) and neuropeptide Y, are elevated in obesity,
thereby amplifying peripheral and central sensitization [28]. This
emphasizes the role obesity plays in both heightening disease
susceptibility and symptomatic severity.

TREATMENT OF OSTEOARTHRITIS

Current management of osteoarthritis and recently
investigated OA pharmacotherapies

Management guidelines recommend core treatment modalities
for all patients. Core treatments include weight loss for patients
who are overweight or with obesity, land or water-based physical
exercise, and patient education regarding the disease [9]. The
most recurring theme in these treatment choices is painkillers
such as non-steroidal anti-inflammatory drugs (NSAIDs) and
opioids [32].

Current research aims to identify new drugs or repurpose
existing ones that can improve, prevent, or slow joint structure
degradation, in addition to symptomatic improvement; hence,
they are termed disease-modifying osteoarthritis drugs (DMOADs)
[33]. Table 1 summarizes highlights of the recently investigated
pharmacotherapies as a treatment for OA, while Fig. 2 illustrates
the site of action of investigated OA pharmacotherapies. The
approaches taken mainly targeted distinct disease pathways, such
as (1) inflammatory pathways, through anti-inflammatory biolo-
gics, (2) cartilage preservation or regeneration via inhibitors of
mediators of matrix catabolism, (3) bone remodeling inhibitors
through antiresorptive therapies, (4) pain modulation pathways,
through anti-nerve growth factors (anti-NGF) [34]. These attempts
focused primarily on joint structural preservation and did not yield
any treatment that improved patient-reported outcomes [34].
Although anti-NGF therapies relieved pain, they were associated
with increased progression towards total joint replacement and
higher rates of joint safety events [35, 36]. Thus, the regulatory
recommendations for OA treatment focus more on patient-
reported outcomes and on avoiding progression acceleration,
rather than on joint structure endpoints that do not reflect the
patient’s experience [37]. Additionally, the recently approved
potent weight-loss drugs reignite hopes for treating OA by
targeting multiple pathway-driven metabolic endotypes.

Weight loss for OA management

Obesity has received less attention in the context of emerging OA
treatments. Two well-known clinical trials tested the effect of
weight loss induced by diet, long-term exercise, or both on
function and pain outcomes in people with OA and obesity or
overweight [38, 39]. Overall, both studies concluded that weight
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Fig. 1 Overview of multi-mechanistic metabolic pathways inducing OA. The figure shows mechanisms by which obesity drives OA.
Increased body weight results in greater mechanical loading of the knee joint. The activation of immune cells in adipose tissue creates a state
of chronic low-grade inflammation that sets in motion cartilage breakdown and bone remodeling. Bone remodeling increases vasculature and
innervation, thereby increasing pain. (Created in BioRender. Mohamed, K. E. (2026) https://BioRender.com/78uwg?21). FFA free-fatty acid, IL-1
interleukin-1, IL-6 interleukin-6, TNF-o« tumor necrosis factor-alpha, MMPs matrix metalloproteinases, ADAMTS a disintegrin and
metalloproteinase with thrombospondin motifs, VEGF vascular endothelial growth factor, NGF nerve growth factor.

Table 1. Highlights of recently investigated disease-modifying osteoarthritis drugs.

Repurposed/ Drug class Drug name Therapeutic angle Outcomes vs. placebo Reference
Investigational
Repurposed Bisphosphonate Zoledronic acid Subchondral bone Pain No improvement [98]
(antiresorptive) Structure No improvement
Investigational Phase Whnt inhibitor Lorecivivint Cartilage/Bone Pain Improved pain in llb [99]
lla/llb Structure No improvement
Investigational Phase rhFGF18 Sprifermin Cartilage (cartilage Pain No improvement [100]
1l anabolic) Structure Improved total
femorotibial joint cartilage
thickness
Repurposed Anti-IL-6 Tocilizumab Synovitis (anti- Pain No improvement [101]
inflammatory) Structure No data
Investigational Phase Anti-NGF Tanezumab Nerve endings (pain Pain Improved pain [35, 36]
1 Fasinumab alleviation) Structure Elevated risk of
rapidly progressing OA
Repurposed GLP-1 agonist Liragludtide Obesity (decreased Pain No improvement [44]
loading/ inflammation) Structure No data
Repurposed GLP-1 agonist Semaglutide Obesity (decreased Pain Clinically significant [12]

loading/ inflammation)

improvement of pain
Structure No data

IL-6 interleukin-6, GLP-1 glucagon-like-peptide-1, rhFGF18 recombinant human fibroblast growth factor 18, NGF nerve growth factor.

loss obtained through a combination of diet and exercise
effectively improves both mobility and pain. The Arthritis, Diet,
and Activity Promotion Trial (ADAPT) demonstrated that weight
loss achieved through a combination of diet and exercise
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improved overall physical function and reduced pain compared
with either intervention alone. Changes in joint space width were
not different between the interventions [38]. The Intensive Diet
and Exercise for Arthritis (IDEA) Trial confirmed that the findings of
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Fig. 2 The site of action of recently investigated drugs for the treatment of osteoarthritis. The figure shows the site of action of the
investigational drugs for osteoarthritis. Inflammation-driven OA pathways are targeted by glucagon-like peptide agonists, which promote fat
loss indirectly, lowering adipokine levels and deactivating immune cells, while anti-inflammatory antibodies directly inhibit proinflammatory
cytokines. Sprifermin, which induces cartilage repair, while lorecivivint slows down cartilage breakdown and bone remodeling. Zoledronic
acid has an antiresorptive effect that slows bone remodeling, while tanezumab blocks nerve growth factor (NGF) activity, inhibiting
progressive innervation. (Created in BioRender. Mohamed, K. E. (2026) https://BioRender.com/78uwg21). GLP1-RA glucagon-like peptide-1
receptor agonist, IL-1 interleukin-1, IL-6 interleukin-6, TNF-oc tumor necrosis factor-alpha, MMPs matrix metalloproteinases, ADAMTS a
disintegrin and metalloproteinase with thrombospondin motifs, VEGF vascular endothelial growth factor, NGF nerve growth factor.

the ADAPT trial show that the combination of diet and exercise
was more effective than either alone in terms of enhancing
mobility and decreasing WOMAC pain and function scores, with
38% of participants experiencing little or no pain after losing
weight through the combination [39]. The volume of the
infrapatellar fat pad was reduced as a result of weight loss,
possibly reducing the inflammatory drive in the joint space [40].
Participants in the IDEA trial showed positive changes in their
metabolome in pathways linked to OA pathogenesis, including
lipid-related pathways, glycolysis, and anti-inflammatory amino
acid pathways [41].

Consistent with the beneficial effects of diet- and exercise-
induced weight loss, bariatric surgery has been shown to alleviate
OA symptoms substantially [8]. Studies have shown that weight
loss induced by bariatric surgery is associated with decreased
pain, improved function, and reduced analgesic use [42]. Studies
in people diagnosed with OA at baseline show that bariatric
surgery reduces pain and functional limitations and significantly
reduces the use of analgesics, highlighting that these beneficial
effects are associated with surgically induced weight loss [43].

However, only a few clinical trials have investigated anti-obesity
drugs for treating OA. The effect of the GLP-1 analog liraglutide
has been investigated in a one-year trial in patients with knee OA
after a diet-induced weight loss [44]. The trial found that
liraglutide did not show a significant improvement in pain
compared with placebo, likely due to the modest weight loss of
=~4%. However, the study indicates that greater weight loss,
exceeding 5%, is likely to induce pain relief. During the pre-study
period, a diet-induced weight loss of =9.5% resulted in substantial
improvements in the KOOS pain scale [44]. Another long-acting
GLP-1 analog, semaglutide, was tested in people with obesity and
knee OA, showing a significant reduction in weight and WOMAC
pain score and a significant improvement in function score, as well
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as a reduction in the use of painkillers [12]. Also, metabolically,
semaglutide has been shown to provide chondroprotective effects
beyond weight loss in mice, by driving oxidative phosphorylation
rather than glycolysis [45]. More recently, the triple agonist
retatrutide significantly reduced WOMAC pain scores by 75.8%,
with weight loss reaching 28.7%. Although the study showed
great efficacy in improving OA pain, the tolerability and lean mass
loss remain unclear [46]. This study confirms that substantial
weight loss alleviates OA symptoms and supports the use of anti-
obesity drugs in OA treatment. However, GLP-1 analogs increased
the incidence of total joint replacement in patients with diabetes,
suggesting that not all OA patients benefit to similar extent from
incretin-induced weight loss [47]. Other metabolically active
therapies, namely insulin sensitizers such as metformin, have
been considered treatments for OA, as metformin has shown
promising results in reducing OA pain, and ongoing clinical trials
are testing this hypothesis. However, evidence on the significance
of the clinical effectiveness of slowing progression is not clear
[48, 49].

WHY DACRAS STAND OUT AS THE LEADING WEIGHT LOSS
DRUG FOR OA MANAGEMENT
Although weight loss is an integral component of OA manage-
ment in patients with OA and obesity, it can increase bone
resorption and compromise bone strength [13, 14]. Data from Bay-
Jensen et al. demonstrated that while weight loss indeed provides
pain relief, it concurrently increases the bone resorption biomarker
CTX-l and the cartilage degradation marker C2M [50]. This
observation helps explain the elevated CTX-l levels observed in
patients undergoing weight-loss interventions.

CTX-l and CTX-Il are established prognostic markers for
structural progression in osteoarthritis [51, 52]. Elevated levels of
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lllustration of receptor pharmacology, amylin, and calcitonin organ-specific effects, qualifying it as a disease-modifying

osteoarthritis drug. The figure shows the pharmacological effects of the amylin and calcitonin receptors in osteoarthritis (OA). Amylin
receptor is a G-coupled protein calcitonin receptor bound to one of the receptor activity-modifying proteins (RAMP1-3), illustrated in green.
Amylin receptor activation induces weight loss, thereby reducing mechanical load and alleviating pain. Amylin-induced fat loss reduces
adipokine levels, such as leptin, and deactivates the metabolically activated immune system, thereby lowering inflammatory cytokine levels
involved in OA progression. Calcitonin receptor activation, as shown in blue, provides analgesia in addition to improving bone and cartilage
health by reducing bone remodeling and cartilage degradation by inhibiting osteoclast and chondrocyte catabolic activity. Both receptors
provide increased insulin sensitivity. Dashed arrows show obesity-driven factors. Solid arrows show direct pharmacological effects. Flat head
arrows show inhibitory effects. (Created in BioRender. Mohamed, K. E. (2026) https://BioRender.com/78uwg21). DACRA dual amylin and
calcitonin receptor agonist, IL-1 interleukin-1, IL-6 interleukin-6, TNF-a tumor necrosis factor-alpha, DRG Dorsal Root Ganglion, MMPs matrix
metalloproteinases, ADAMTS a disintegrin and metalloproteinase with thrombospondin motifs, VEGF vascular endothelial growth factor, NGF

nerve growth factor.

these markers have been associated with accelerated joint
deterioration, making them important tools for predicting OA
progression. Multiple clinical studies have demonstrated associa-
tions between increases in CTX-l and Il and the progression of
radiographic OA. For instance, elevated CTX-I and CTX-Il levels at
12 and 24 months were associated with an increased risk of
radiographic progression of knee OA, as demonstrated in the FNIH
Biomarkers Consortium studies [52]. In alignment, CTX-l and Il
levels have also been linked to increased joint space narrowing
and predict the need for total joint replacement in two large
phase Il clinical trials [53, 54]. Furthermore, these markers are
indicators of therapeutic response and thus serve as potential
endpoints in clinical trials of interventions targeting bone and
cartilage tissue remodeling. These findings indicate that therapies
that lower CTX-l and CTX-ll yield better joint structural outcomes
than therapies that do not. They highlight the importance of the
quality of weight-loss strategies, as not all approaches yield
beneficial outcomes for joint integrity and bone health.

Finding a drug that can target multiple facets of OA pathology
makes it a potential OA treatment candidate, a trait that is lacking
in previously investigated candidates [34]. Calcitonins are well
known for their effects on bone, with calcitonin’s use for bone
conditions such as osteoporosis, but notably, amylin, another
member of the calcitonin peptide family, has recently attracted
considerable attention [55]. Amylin provides metabolic benefits

International Journal of Obesity

through weight loss and increased insulin sensitivity [55].
Achieving substantial weight loss will reduce the load on
weight-bearing joints and break the cycle of low-grade chronic
inflammation [22, 56]. Reducing mechanical load and inflamma-
tion will help slow disease progression and potentially improve
symptoms [39]. Furthermore, calcitonin, the oldest family member,
has demonstrated pharmacologic potential due to its analgesic
effects in skeletal pain disorders [57]. Notably, most of the
knowledge gathered about calcitonin was from studies using
salmon calcitonin (sCT). Although sCT is a calcitonin receptor
agonist, it is a potent amylin agonist, making it a dual amylin and
calcitonin receptor agonist (DACRA). Thereby, sCT paved the way
for a new class of drugs that can provide weight loss, analgesia,
and potentially joint structural improvement in OA. We will focus
this review on the relevant organ-specific effects of calcitonin,
amylin, salmon calcitonin, and other DACRAs, as demonstrated in
Fig. 3 [55].

THE PHYSIOLOGICAL ROLES OF CALCITONIN AND AMYLIN
Calcitonin

Calcitonin was discovered in 1961 and shown to be produced by
the c-cells of the thyroid gland [55]. It is a 32 amino acid peptide,
with three important structural domains, i.e., an N-terminal
disulfide bridge connecting the cysteines at positions 1 and 7, a

SPRINGER NATURE
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central o-helix, and a naturally occurring C-terminal amidation.
Based on sequence similarity, three different groups of calcitonin
have been identified, namely (1) human, (2) porcine-like, and (3)
teleost/avian [55]. The activity of these peptides on the calcitonin
receptor is similar, although it appears the avian/teleost versions,
such as sCT, are a little more potent than human or porcine,
although this is impacted by the receptor/biological system
studied [55].

When it comes to the function of calcitonin, this is still vague,
and while initial studies indicated that its ability to lower bone
resorption and thereby serum calcium was important, this appears
at most to be a minor role, and some researchers consider
calcitonin a vestigial hormone [58]. Importantly, genetic studies of
the calcitonin receptor are complicated by the fact that it is also an
indispensable part of the amylin receptor (see section The
calcitonin receptors), and the calcitonin and calcitonin receptor
knockout mice models are not consistent with a role of calcitonin
in calcium homeostasis, but potentially a role in metabolism,
although this still remains to be fully understood [59].

Amylin

Amylin or islet amyloid polypeptide (IAPP) was discovered in 1987,
as amyloid fibril protein deposited in the B-cells of the pancreas. It
is a 37-amino acid, single peptide chain with a molecular weight of
approximately 4 kDa, with an N-terminal disulfide bridge linking
cysteines 2 and 7, and C-terminal amidation, as described for
calcitonin [55]. In terms of the function of amylin, it was initially
shown to be co-secreted with insulin and to be a satiation
hormone, and as such, serving as a meal-ending signal, partially
through its ability to reduce gastric emptying [60]. Furthermore,
amylin downregulates insulin secretion and may increase insulin
sensitivity [55]. Studies conducted using amylin receptor antag-
onism support such a role for amylin, and indicate that amylin is
an adiposity controller, and thereby, even during caloric restric-
tion, favors loss of fat mass as opposed to lean mass [61, 62].

Overall, amylin signaling is mainly centrally mediated via the
area postrema, the ventral tegmental area, and the nucleus
accumbens; however, this area is outside the scope of this work,
and for a description of the brain nuclei involved in amylin
signaling, please refer to [63].

In a pathological setting, amylin is upregulated in patients with
obesity and/or T2D, which likely contributes to the deposition of
amyloid plaques in the B-cells of the pancreas [60]. Other potential
functional consequences of hyperamylinemia are not fully
understood yet.

All in all, the physiological functions of amylin are attractive to
replicate with a drug, and therefore, much emphasis was placed
on the non-fibrillogenic form of human amylin known as
pramlintide [64].

The calcitonin receptors

The calcitonin family’s receptors add more complexity to the specific
activity of each ligand. The calcitonin receptor (CTR or CALCR) was
discovered in 1991 by transfecting COS cells with a porcine kidney
CTR cDNA and subsequently stimulating the cells with calcitonin.
CTR has 482 amino acids forming a seven-transmembrane domain
class Il G-protein coupled receptor (GPCR) with a size of 55 KDa [65].
In 1999, another piece of the puzzle revealed the structure of the
amylin receptors. Amylin has three receptors, AMY1, AMY2, and
AMY3, they form through the association between a CTR and one of
the receptor activity-modifying proteins (RAMP1-3) [65]. The type of
amylin receptor depends on which RAMP links with CTR. CTR and
AMY1-3 are GPCRs with Gs activity; activated receptors release a-
subunit activating adenylyl cyclase to produce secondary messenger
cyclic adenosine monophosphate (cAMP). Ligand-binding affinities
and subsequent receptor activation exhibit relatively high selectivity,
with CT being most potent on CTR and amylin most potent on
AMY1-3 receptors [65].
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As mentioned, sCT has dual activity on both receptors, making it
a natural DACRA [65]. 3-Arrestin and cAMP assays demonstrated
that sCT activates calcitonin and amylin receptors [66]. In vitro
studies demonstrated sCT’s ability to prolong binding and
activation of CTR [67]. This prolonged activation enables sCT
and DACRAs to be more potent in vivo than other agonists [55].
Characterization of new long-acting amylin receptor agonists,
such as cagrilintide, petrelintide, and GUBamy, show that they are
all DACRAs in terms of their receptor activation profile, despite
originating from an amylin backbone [68], while the DACRA called
KBP-336 is a derivative of the fish calcitonins, and as such is
designed to be a dual agonist [69]. An interesting point is the
extent to which the DACRAs retain amylin’s ability to activate the
CGRP receptor and thereby function as more than dual agonists;
however, DACRAs such as cagrilintide and KBP-336 do not activate
the CGRP receptor [69].

DACRA-MEDIATED EFFECTS CATERING TO METABOLIC OA
MANAGEMENT
Amylin-mediated weight loss
Weight loss has been shown to be an effective modality to relieve
OA pain, as shown in the ADAPT and IDEA trials [38, 39]. On the
same lines, weight loss mediated through DACRAs can provide
similar benefits. Amylin receptor activation induces weight loss
mainly through decreased food intake and other mechanisms,
summed up in Table 2 [70]. Weight loss reduces joint load,
relieving pain and slowing the progressive damage to the joint
[39]. Further, amylin receptor activation by DACRAs improves
insulin sensitivity and overall glucose control, including fasting
blood glucose [69, 71], a valuable feature considering that Insulin
resistance is another well-known risk factor for the development
and progression of OA [72]. DACRAs have been shown to improve
glucose metabolism, insulin sensitivity, and lower plasma levels of
leptin, thereby improving overall metabolic status [69, 71, 73, 74].
Furthermore, the beneficial effect of DACRAs on reducing
adiposity can help reduce inflammation through lowering pro-
inflammatory cytokines and adipokines such as leptin and adipsin,
in addition to directly slowing down pathological disease
progression, and possibly extend to shrinking the inflammatory
infrapatellar fat as a result of weight loss [22, 26, 40, 61, 69].
Decreased inflammatory drive can eventually slow down pro-
gressive tissue remodeling and synovial inflammation, which are
major contributors to OA symptoms and progression [30, 75].
There is an ongoing focus on developing new amylin analogs.
Several long-acting amylin analogs have also demonstrated
promising weight-management properties in clinical development
[68]. The most advanced long-acting amylin analog is cagrilintide,
which is now being developed in combination with the GLP-1
analog semaglutide as CagriSema, and has shown promising effects
on weight management [76]. This combination is expected to yield
substantial potential by adding weight-independent insulin sensi-
tization to GLP-1-induced weight loss, as semaglutide has shown
great promise as a weight-loss therapy for OA patients [12].

Table 2. Summary of metabolic effects of amylin receptor activation.

Metabolic effects of amylin

Reduced meal size and frequency [102, 103]
Improved food preference [104]
Reduced gastric emptying [105]
Beneficial effects on energy expenditure [106]
Suppression of glucagon secretion [107]
Improved glucose control [69, 71]
Improved insulin sensitivity [69, 71]
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Table 3. Summary of calcitonin receptor-mediated pain-relief mechanisms.

Calcitonin pain-relief mechanisms

Relieves mechanical and cold allodynia through inhibition of transient receptor potential ankyrin-1 channels and melastatin-8 [108]
Increases serum beta endorphins increased after the administration of calcitonin in bone metastasis patients [109]
Alter the expression of voltage-gated sodium channels in dorsal root ganglia and modulate serotonin activity thalamus indicating [78]
potential mechanism

Corrects a downregulation in 5-HT;s-like receptors that occurs in chronic painful conditions in C-Afferent terminals in substantia [79]
gelatinosa

Table 4. Summary of calcitonin receptor-mediated effects on bone.

Calcitonin’s effects on bone Species Molecule

sCT reduced CTX Humans sCT [110]
sCT reduced bone resorption but no change in maturation and age profile on bones Humans sCT [111]
Nasal sCT did not prevent bone loss in hip replacement patients Humans sCT [112]
sCT decreasing bone formation Mice sCT [113]
Eelcalcitonin inhibited bone resorption in mice exposed to skeletal unloading Mice eCT [114]
sCT showed increased BMD and reduced bone turnover markers Humans sCT [115]
Calcitonin reduced bone degradation markers CTX-l and TRAP5b levels Mice hCT [116]
Calcitonin increases bone formation through the induction of the Wnt10B pathway Rats sCT [117]
Calcitonin increased BV/TV, trabecular bone thickness, and increased bone formation markers Rats sCT [118]
Calcitonin plus alfacalcidiol increased BMD, reduced inflammatory and bone resorption markers while Human CarboCT [119]

increasing bone formation markers

Calcitonin-mediated pain-relief

Calcitonin presents as a promising candidate for targeting OA
pain, by modulating nociceptive and neuropathic types of pain,
and it is well-known for relieving bone-related pain, such as
osteoporosis vertebral fractures [77]. Most clinical evidence on
calcitonin analgesic effects relates to skeletal conditions and
bone-related pain, where calcitonin has been applied the most for
pain relief [57]. Table 3 summarizes the key evidence on
calcitonin’s pain-relieving effects. There is no consensus on the
site of action of calcitonin’s effect on neuropathic pain. Evidence
points to signal modulation in peripheral nerve endings and
dorsal root ganglia [78, 79]. In a wide range of preclinical OA
models, DACRAs reduced pain-like behaviors and symptoms,
particularly mechanical allodynia, as assessed using von Frey tests
and weight-bearing. An ACLT study examined the effect of salmon
calcitonin on pain, demonstrating significant improvements in
mechanical allodynia in the affected limb and in weight-bearing
tests [80]. Furthermore, the DACRA KeyBioscience peptide (KBP)
improved pain compared with the vehicle in meniscectomized
lean rats [81]. Moreover, a longer-acting analog of KBP reduced
cartilage damage compared with vehicle and naproxen, whereas
naproxen reduced pain-like behavior but failed to preserve
cartilage [81]. KBP also demonstrated pro-analgesic efficacy by
relieving pain in a metabolic version of the meniscectomised rat
OA model, highlighting the importance of the calcitonin receptor
in pain relief and depicting DACRA's antiresorptive potential [82].
Preclinical evidence highlights the efficacy of DACRAs in treating
OA in lean and metabolic models, with effects on pain-like
behavior being most prominent; the range of symptomatic relief
could indicate that different mechanisms are involved, whether
neurological or skeletal oriented.

Clinically, DACRAs have already been tested in people with OA.
However, the DACRA sCT has been evaluated in multiple clinical
trials. Women with knee OA treated with nasal sCT for six months
improved in both WOMAC and VAS pain scores [83]. Similarly, a
study in postmenopausal women with OA reported improvement
in pain, stiffness and function WOMAC scores after one year of
nasal sCT treatment [84]. The effect of oral sCT on pain,
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degradation markers, and joint space narrowing was investigated
in two phase lll clinical trials in people with diagnosed OA
(CSMC021C2301 and CSMC021C2302) [85]. Oral sCT failed to
improve pain and joint structure significantly. However, one trial
(CSMC021C2301) observed a statistically significant treatment
effect on WOMAG; however, these changes were not deemed
clinically significant [85]. Importantly, the plasma levels of sCT
observed in these clinical trials were significantly lower than
previous clinical studies using an oral formulation of sCT [85],
which could explain the lack of treatment effects in these trials
[85].

Calcitonin-mediated anti-resorptive/chondroprotective effects
The antiresorptive effect mediated by calcitonin receptor activa-
tion provides a powerful tool against the extensive bone
remodeling process occurring in OA [86]. Inhibiting resorption
made calcitonin a suitable candidate for treating many skeletal
conditions driven by bone remodeling, including osteoporosis.
Table 4 sums up studies depicting calcitonin’s effect on bones.

Inhibition of osteoclastic activity eliminates a key step in this
remodeling process, which can slow down disease progression
[87]. Hence, the use of potent calcitonin receptor agonists, such as
DACRAs, reduces osteoclastic activity and thereby slows OA
progression by depriving it of growth factors that drive its
progression.

In preclinical rodent models of OA, DACRAs have demonstrated
structural benefits by slowing the detrimental process of bone
remodeling. Furthermore, slowing cartilage degradation is bene-
ficial for controlling disease progression, and DACRAs have
demonstrated potential to preserve cartilage in preclinical OA
models. Monoiodoacetate-induced OA rats treated with salmon
calcitonin had lower CTX-l and collagen type 2 a-1 (C2M),
indicating inhibition of cartilage and bone remodeling [88]. An
interesting study evaluated the bone and cartilage of mice
overexpressing calcitonin receptors; upon inducing OA by
destabilizing the medial meniscus (DMM), CTR-overexpressing
mice exhibited a better bone phenotype and more preserved
cartilage structure than wild-type mice [89].
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sCT improved microscopic and macroscopic cartilage features in
a rabbit anterior cruciate ligament transection (ACLT) OA model
[90]. sCT decreased cartilage damage in a rabbit model with
meniscectomy-induced OA [91]. In rats, calcitonin reduced
progression in ACLT-induced OA, decreasing cartilage damage
and MMPs expression [92]. Rats with meniscectomy-induced OA
treated with oral salmon calcitonin showed lower CTX-Il levels and
less subchondral bone remodeling [93]. sCT also produced good
outcomes in dogs, with two ACLT-induced OA models exhibiting
better cartilage structures and lower cartilage degradation
markers [94, 95].

These effects have been translated clinically mainly through
reducing bone remodeling biomarkers. Three months of therapy
with an oral formulation of sCT induced a significant decrease in
bone resorption and degradation markers (CTX-1 and uCTX-ll) in
postmenopausal women with OA [96]. Lastly, one of the two
phase Il trials of oral sCT (CSMC021C2301) reported a 10%
reduction in CTX-ll, indicating that sCT can possibly slow down
cartilage degradation [85].

While DACRAs offer much as a leading OA therapy option,
knowledge gaps remain in mechanistic pathways and pharmaco-
logical effects. Amylin has been well studied and characterized in
recent years, But the effects of calcitonin, especially its metabolic
effects, remain unclear. There is evidence pointing towards the
benefits of calcitonin receptor activation with regard to insulin
sensitivity; the mechanistic understanding is yet to be uncovered
[97]. We highlighted DACRAs effect on pain, but the precise
pathways that modulate this effect require further work.

Overall, the options available for achieving weight loss are
expanding, but not all options have the same potential in
modifying OA disease progression. DACRAs promote weight loss
through amylin receptor activation, thereby decreasing inflam-
matory drive and joint loading, and they also preserve bone and
alleviate pain through calcitonin receptor activation. Overall,
DACRA can improve the quality of life of patients with OA.
Furthermore, the newly developed DACRAs exhibit a unique
pharmacological profile characterized by a broad range of
beneficial effects coupled with longer duration of action,
positioning them as strong candidates for novel DMOADS.

REFERENCES

1. Long H, Liu Q, Yin H, Wang K, Diao N, Zhang Y, et al. Prevalence trends of site-
specific osteoarthritis from 1990 to 2019: findings from the global burden of
disease study 2019. Arthritis Rheumatol. 2022;74:1172-83.

2. Hunter DJ, Bierma-Zeinstra S. Osteoarthritis. Lancet. 2019;393:1745-59.

3. Reyes C, Leyland KM, Peat G, Cooper C, Arden NK, Prieto-Alhambra D. Asso-
ciation between overweight and obesity and risk of clinically diagnosed knee,
hip, and hand osteoarthritis: a population-based cohort study. Arthritis Rheu-
matol. 2016;68:1869-75.

4. Chen L, Zheng JJY, Li G, Yuan J, Ebert JR, Li H, et al. Pathogenesis and clinical
management of obesity-related knee osteoarthritis: impact of mechanical
loading. J Orthop Transl. 2020;24:66-75.

5. Odum SM, Springer BD, Dennos AC, Fehring TK. National obesity trends in total
knee arthroplasty. J Arthroplast. 2013;28:148-51.

6. Stevens-Lapsley JE, Kohrt WM. Osteoarthritis in women: effects of estrogen,
obesity and physical activity. Women’s Health. 601-15. https://doi.org/10.2217/
whe.10.38.

7. Phelps NH, Singleton RK, Zhou B, Heap RA, Mishra A, Bennett JE, et al. World-
wide trends in underweight and obesity from 1990 to 2022: a pooled analysis of
3663 population-representative studies with 222 million children, adolescents,
and adults. Lancet. 2024;403:1027-50.

8. Panunzi S, Maltese S, De Gaetano A, Capristo E, Bornstein SR, Mingrone G.
Comparative efficacy of different weight loss treatments on knee osteoarthritis:
A network meta-analysis. Obesity Reviews [Internet]. John Wiley & Sons, Ltd
[cited 2022 Jan 25]. p. e13230. Available from: https://onlinelibrary-wiley-
com.ep.fiernadgang.kb.dk/doi/full/10.1111/0br.13230.

9. Bannuru RR, Osani MC, Vaysbrot EE, Arden NK, Bennell K, Bierma-Zeinstra SMA,
et al. OARSI guidelines for the non-surgical management of knee, hip, and
polyarticular osteoarthritis. Osteoarthr Cartil. 2019;27:1578-89.

SPRINGER NATURE

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

. Christensen R, Henriksen M, Leeds AR, Gudbergsen H, Christensen P, Serensen

TJ, et al. Effect of weight maintenance on symptoms of knee osteoarthritis in
obese patients: a twelve-month randomized controlled trial. Arthritis Care Res
(Hoboken). 2015;67:640-50.

. Yu Y, Kalarchian MA, Ma Q, Groth SW. Eating patterns and unhealthy weight

control behaviors are associated with loss of control eating following bariatric
surgery. Surg Obes Relat Dis. 2021;17:976 .

. Bliddal H, Bays H, Czernichow S, Uddén Hemmingsson J, Hjelmeszeth J, Hoff-

mann Morville T, et al. Once-weekly semaglutide in persons with obesity and
knee osteoarthritis. N Engl J Med. 2024;391:1573-83.

. Stefanakis K, Kokkorakis M, Mantzoros CS. The impact of weight loss on fat-free

mass, muscle, bone and hematopoiesis health: Implications for emerging
pharmacotherapies aiming at fat reduction and lean mass preservation. Meta-
bolism. 2024;161:156057 .

. Hansen MS, Woélfel EM, Jeromdesella S, Mgller JJK, Ejersted C, Jergensen NR,

et al. Once-weekly semaglutide versus placebo in adults with increased fracture
risk: a randomised, double-blinded, two-centre, phase 2 trial. EClinicalMedicine.
2024;72. https://doi.org/10.1016/j.eclinm.2024.102624.

. Tang S, Zhang C, Oo WM, Fu K, Risberg MA, Bierma-Zeinstra SM, et al. Osteoar-

thritis. Nat Rev Dis Prim. 2025;11:10 Dec 1SUBJMETA = 1669,1670,4023,407,692;
KWRD = MUSCULOSKELETAL + ABNORMALITIES,OSTEOARTHRITI.

. Suri S, Gill SE, Massena de Camin S, McWilliams DF, Wilson D, Walsh DA. Neu-

rovascular invasion at the osteochondral junction and in osteophytes in
osteoarthritis. Ann Rheum Dis. 2007;66:1423-8.

. Finnerup NB, Kuner R, Jensen TS. Neuropathic pain: from mechanisms to

treatment. Physiol Rev. 2021;101:259-301.

. Orita S, Ishikawa T, Miyagi M, Ochiai N, Inoue G, Eguchi Y, et al. Pain-related

sensory innervation in monoiodoacetate-induced osteoarthritis in rat knees that
gradually develops neuronal injury in addition to inflammatory pain. BMC
Musculoskelet Disord. 2011;12:134.

. Peters H, Potla P, Rockel JS, Tockovska T, Pastrello C, Jurisica |, et al. Cell and

transcriptomic diversity of infrapatellar fat pad during knee osteoarthritis. Ann
Rheum Dis. 2025;84:351-67.

Coryell PR, Diekman BO, Loeser RF. Mechanisms and therapeutic
implications of cellular senescence in osteoarthritis. Nat Rev Rheumatol.
2021;17:47-57. SUBJMETA = 1354,1671,4023,631,692,80,86,KWRD = CARTILAGE,
CELL + SIGNALLING.

Collins FL, Knights AJ, Maerz T, Roelofs AJ, De Bari C. Synovial fibroblast
responses to different types of injury resulting in cartilage repair or osteoar-
thritis. Osteoarthr Cartil. 2026;34:384-94.

Batushansky A, Zhu S, Komaravolu RK, South S, Mehta-D’souza P, Griffin TM.
Fundamentals of OA. An initiative of osteoarthritis and cartilage. obesity and
metabolic factors in OA. Osteoarthr Cartil. 2022;30:501-15.

Yusuf E, Nelissen RG, loan-Facsinay A, Stojanovic-Susulic V, DeGroot J, Van Osch
G, et al. Association between weight or body mass index and hand osteoar-
thritis: a systematic review. Ann Rheum Dis. 2010;69:761-5.

Reina N, Cavaignac E, Pailhé R, Pailliser A, Bonnevialle N, Swider P, et al. BMI-
related microstructural changes in the tibial subchondral trabecular bone of
patients with knee osteoarthritis. J Orthop Res. 2017;35:1653-60.

Hu W, Chen Y, Dou C, Dong S. Microenvironment in subchondral bone: pre-
dominant regulator for the treatment of osteoarthritis. Ann Rheum Dis.
2021;80:413-22.

Collins K. H., Lenz K. L., Pollitt E. N., Ferguson D., Hutson I., Springer L. E., et al.
Adipose tissue is a critical regulator of osteoarthritis. Proc Natl Acad Sci USA.
118. https://doi.org/10.1073/pnas.2021096118.

Collins KH, Hart DA, Reimer RA, Seerattan RA, Herzog W. Response to diet-
induced obesity produces time-dependent induction and progression of
metabolic osteoarthritis in rat knees. J Orthop Res. 2016;34:1010-8.

Binvignat M, Sellam J, Berenbaum F, Felson DT. The role of obesity and adipose
tissue dysfunction in osteoarthritis pain. Nat Rev Rheumatol. 2024 https:/
doi.org/10.1038/s41584-024-01143-3.

Klein-Wieringa IR, Kloppenburg M, Bastiaansen-Jenniskens YM, Yusuf E, Kwek-
keboom JC, El-Bannoudi H, et al. The infrapatellar fat pad of patients with
osteoarthritis has an inflammatory phenotype. Ann Rheum Dis. 2011;70:851-7.
Pragasam SSJ, Venkatesan V. Metabolic syndrome predisposes to osteoarthritis:
lessons from model system. Cartilage. 2021;13:15985-1609S.

Zhang B, Wang H, Qi W, Li S, Tao L, Peng X, et al. Plasma-derived exosomes from
obese knee osteoarthritis aggravate synovitis by promoting cellular senescence
of synovial fibroblasts. Solomon CG, editor J Orthop Transl. 2026;56:101031.
Arden N. K, Perry T. A, Bannuru R. R, Bruyére O., Cooper C., Haugen . K. et al.
Non-surgical management of knee osteoarthritis: comparison of ESCEO and
OARSI 2019 guidelines. Nat Rev Rheumatol. 2020 17:1. 2020;17:59-66.

Cho Y, Jeong S, Kim H, Kang D, Lee J, Kang SB, et al. Disease-modifying ther-
apeutic strategies in osteoarthritis: current status and future directions. Exp Mol
Med. 2021;53:1689-96.

International Journal of Obesity


https://doi.org/10.2217/whe.10.38
https://doi.org/10.2217/whe.10.38
https://onlinelibrary-wiley-com.ep.fjernadgang.kb.dk/doi/full/10.1111/obr.13230
https://onlinelibrary-wiley-com.ep.fjernadgang.kb.dk/doi/full/10.1111/obr.13230
https://doi.org/10.1016/j.eclinm.2024.102624
https://doi.org/10.1073/pnas.2021096118
https://doi.org/10.1038/s41584-024-01143-3
https://doi.org/10.1038/s41584-024-01143-3

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Latourte A, Kloppenburg M, Richette P. Emerging pharmaceutical therapies for
osteoarthritis. Nat Rev Rheumatol. 2020;16:673-88.

Schnitzer TJ, Easton R, Pang S, Levinson DJ, Pixton G, Viktrup L, et al. Effect of
tanezumab on joint pain, physical function, and patient global assessment of
osteoarthritis among patients with osteoarthritis of the hip or knee: a rando-
mized clinical trial. JAMA - J Am Med Assoc. 2019;322:37-48.

DiMartino SJ, Gao H, Eng S, Valenzuela G, Fuerst T, Emeremni C, et al. Efficacy
and safety of fasinumab in an NSAID-controlled study in patients with pain due
to osteoarthritis of the knee or hip. BMC Musculoskeletal Disorders 2025 26:1.
2025 Feb 25;26(1):192-..

Fda, Cder, Mccrayk. Osteoarthritis: structural endpoints for the development of
drugs, devices, and biological products for treatment guidance for industry
DRAFT GUIDANCE [Internet] 2018. Report. Available from: https://www.fda.gov/
Drugs/GuidanceComplianceRegulatorylnformation/Guidances/default.htm.
Messier SP, Loeser RF, Miller GD, Morgan TM, Rejeski WJ. Exercise and dietary
weight loss in overweight and obese older adults with knee osteoarthritis: The
arthritis, diet, and activity promotion trial. Arthritis Rheum. 2004;5:1501-10.
Messier SP, Mihalko SL, Legault C, Miller GD, Nicklas BJ, DeVita P, et al. Effects of
intensive diet and exercise on knee joint loads, inflammation, and clinical
outcomes among overweight and obese adults with knee osteoarthritis: the
IDEA randomized clinical trial. JAMA. 2013;310:1263-73.

Pogacnik Murillo AL, Eckstein F, Wirth W, Beavers D, Loeser RF, Nicklas BJ, et al.
Impact of diet and/or exercise intervention on infrapatellar fat pad morphology:
secondary analysis from the intensive diet and exercise for arthritis (IDEA) trial.
Cells Tissues Organs. 2017;203:258-66.

Welhaven H. D., Welfley A. H., Bothner B., Messier S. P., Loeser R. F., June R. K. The
metabolome of male and female individuals with knee osteoarthritis is influ-
enced by 18-months of weight loss intervention: the IDEA trial. BMC Muscu-
loskeletal Disorders 2024 25:1. 2024;25:1057.

King WC, Chen JY, Belle SH, Courcoulas AP, Dakin GF, Elder KA, et al. Change in
pain and physical function following bariatric surgery for severe obesity. JAMA -
J Am Med Assoc. 2016;315:1362-71.

Birn I, Mechlenburg |, Liliensge A, Soballe K, Larsen JF. The association between
preoperative symptoms of obesity in knee and hip joints and the change in
quality of life after laparoscopic Roux-en-Y gastric bypass. Obes Surg.
2015;26:950-6.

Gudbergsen H, Overgaard A, Henriksen M, Waehrens EE, Bliddal H, Christensen
R, et al. Liraglutide after diet-induced weight loss for pain and weight control in
knee osteoarthritis: a randomized controlled trial. Am J Clin Nutr.
2021;113:314-23.

Qin H, Yu J, Yu H, Zhou C, Yuan D, Wang Z, et al. Semaglutide ameliorates
osteoarthritis progression through a weight loss-independent metabolic
restoration  mechanism.  Cell Metab. 2026. https://doi.org/10.1016/
j.cmet.2026.01.008.

Lilly’s triple agonist, retatrutide, delivered weight loss of up to an average of
71.2 lbs along with substantial relief from osteoarthritis pain in first successful
Phase 3 trial | Eli Lilly and Company [Internet]. [cited 2026 Jan 7]. Available from:
https://investor.lilly.com/news-releases/news-release-details/lillys-triple-agonist-
retatrutide-delivered-weight-loss-average

Lavu MS, Porto JR, Hecht CJ, Kaelber DC, Sculco PK, Heckmann ND, et al. The
five-year incidence of progression to osteoarthritis and total joint arthroplasty in
patients prescribed glucagon-like peptide 1 receptor agonists. J Arthroplast.
2024;39:2433-2439.e1.

Liu'S, Chen J, Du J, Song J, Kang Y, Zhang D, et al. Impact of metformin on the risk
of osteoarthritis in patients with type 2 diabetes: a real-world study. Diabetes Res
Clin Pract. 2026;113191. https://doi.org/10.1016/j.diabres.2026.113191.

Kao CL, Chen SM, Hsieh CC, Peng TR, Tsai PY, Lin CY, et al. The efficacy of
metformin for pain, function, and quality of life in knee osteoarthritis: a sys-
tematic review and meta-analysis. Semin Arthritis Rheum. 2026;77:152908.
Bay-Jensen AC, Muhamed K, Bihlet AR, Thudium CS, Henriksen K, Karsdal M.
Weight loss lead to significant effects on OA pain and function: do the benefits
outweigh the risks?. Osteoarthr Cartil. 2024;32:5499-500.

Valdes AM, Meulenbelt |, Chassaing E, Arden NK, Bierma-Zeinstra S, Hart D, et al.
Large scale meta-analysis of urinary C-terminal telopeptide, serum cartilage
oligomeric protein and matrix metalloprotease degraded type Il collagen and
their role in prevalence, incidence and progression of osteoarthritis. Osteoarthr
Cartil. 2014;22:683-9.

Kraus VB, Collins JE, Hargrove D, Losina E, Nevitt M, Katz JN, et al. Predictive
validity of biochemical biomarkers in knee osteoarthritis: data from the FNIH OA
Biomarkers Consortium. Ann Rheum Dis. 2017;76:186-95.

Bihlet AR, Bjerre-Bastos JJ, Andersen JR, Byrjalsen |, Karsdal MA, Bay-Jensen AC.
Clinical and biochemical factors associated with risk of total joint replacement
and radiographic progression in osteoarthritis: Data from two phase Il clinical
trials. Semin Arthritis Rheum. 2020;50:1374-81.

International Journal of Obesity

K.E.

Mohamed et al.

54.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7

72.

73.

74.

75.

76.

77.

Bjerre-Bastos JJ, Bay-Jensen AC, Karsdal MA, Byrjalsen I, Andersen JR, Riis BJ,
et al. Biomarkers of bone and cartilage turnover CTX-I and CTX-Il predict total
joint replacements in osteoarthritis. Osteoarthr Cartil. 2019;27:531-2.

. Sonne N, Karsdal MA, Henriksen K. Mono and dual agonists of the amylin,

calcitonin, and CGRP receptors and their potential in metabolic diseases. Mol
Metab. 2021;46:101109.

Messier SP, Gutekunst DJ, Davis C, DeVita P. Weight loss reduces knee-joint
loads in overweight and obese older adults with knee osteoarthritis. Arthritis
Rheum. 2005;52:2026-32.

Mehta N, Malootian A, Gilligan J. Calcitonin for osteoporosis and bone pain. Curr
Pharm Des. 2005;9:2659-76.

Naot D, Musson DS, Cornish J. The activity of peptides of the calcitonin family in
bone. Physiol Rev. 2019;99:781-805.

Bartelt A, Jeschke A, Miiller B, Gaziano |, Morales M, Yorgan T, et al. Differential
effects of Calca-derived peptides in male mice with diet-induced obesity. PLoS
One. 2017;12. https://doi.org/10.1371/journal.pone.0180547.

Westermark P, Andersson A, Westermark GT. Islet amyloid polypeptide, islet
amyloid, and diabetes mellitus. Physiol Rev. 2011;91:795-826.

Rushing PA, Hagan MM, Seeley RJ, Lutz TA, D'Alessio DA, Air EL, et al. Inhibition
of central amylin signaling increases food intake and body adiposity in rats.
Endocrinology. 2001;142:5035-8.

Coester B, Koester-Hegmann C, Lutz TA, Foll C, Le. Amylin/calcitonin
receptor-mediated signaling in pomc neurons influences energy balance and
locomotor activity in chow-fed male mice. Diabetes. 2020;69:1110-25.

Boccia L, Gamakharia S, Coester B, Whiting L, Lutz TA, Le Foll C. Amylin brain
circuitry. Pept (NY). 2020;132:170366.

Ling W, Huang YM, Qiao YC, Zhang XX, Zhao HL. Human amylin: from pathology
to physiology and pharmacology. Curr Protein Pept Sci. 2019;20:944-57.

Hay DL, Garelja ML, Poyner DR, Walker CS. Update on the pharmacology of
calcitonin/CGRP  family of peptides: IUPHAR Review 25. Br J Pharm.
2018;175:3-17.

Gydesen S, Andreassen KV, Hjuler ST, Hellgren LI, Karsdal MA, Henriksen K.
Optimization of tolerability and efficacy of the novel dual amylin and calcitonin
receptor agonist KBP-089 through dose escalation and combination with a GLP-
1 analog. Am J Physiol Endocrinol Metab. 2017;313:E598-607.

Andreassen KV, Hjuler ST, Furness SG, Sexton PM, Christopoulos A, Nosjean O,
et al. Prolonged calcitonin receptor signaling by salmon, but not human calci-
tonin, reveals ligand bias. PLoS One. 2014;9. https://doi.org/10.1371/
journal.pone.0092042.

Walker CS, Aitken JF, Vazhoor Amarsingh G, Zhang S, Cooper GJS. Amylin:
emergent therapeutic opportunities in overweight, obesity and diabetes mel-
litus. Nat Rev Endocrinol. 2025;482-94. https://doi.org/10.1038/541574-025-
01125-9.

Larsen AT, Mohamed KE, Sonne N, Bredtoft E, Andersen F, Karsdal M, et al. Does
receptor balance matter? - Comparing the efficacies of the dual amylin and
calcitonin receptor agonists cagrilintide and KBP-336 on metabolic parameters
in preclinical models. Biomed Pharmacother. 2022;156:113842.

Mack C, Hoyt J, Moore C, Jodka C, Sams-Dodd F. Sustained reduction in food
intake and body weight in high-fat-fed rats during 28-day amylin infusion.
Diabetes. 2003;52:A389-A389.

. Larsen AT, Melander SA, Sonne N, Bredtoft E, Al-Rubai M, Karsdal MA, et al. Dual

amylin and calcitonin receptor agonist treatment improves insulin sensitivity
and increases muscle-specific glucose uptake independent of weight loss.
Biomed Pharmacotherapy 2023;164. https://doi.org/10.1016/
j.biopha.2023.1149609.

Bradley D. The intriguing intersection of type 2 diabetes, obesity-related insulin
resistance, and osteoarthritis. J Clin Endocrinol Metab Endocrine Soc.
2021;E2370-2. https://doi.org/10.1210/clinem/dgab009.

Hjuler ST, Andreassen KV, Gydesen S, Karsdal MA, Henriksen K. KBP-042
improves bodyweight and glucose homeostasis with indices of increased insulin
sensitivity irrespective of route of administration. Eur J Pharm. 2015;762:229-38.
Collins KH, Lenz KL, Welhaven HD, Ely E, Springer LE, Paradi S, et al. Adipose-
derived leptin and complement factor D mediate osteoarthritis severity and
pain. Sci Adv. 2025;11:5915 .

Sanchez-Lopez E, Coras R, Torres A, Lane NE, Guma M. Synovial inflammation in
osteoarthritis progression. Nat Rev Rheumatol. 2022;18:258-75.

Frias JP, Deenadayalan S, Erichsen L, Knop FK, Lingvay I, Macura S, et al. Efficacy
and safety of co-administered once-weekly cagrilintide 2-4mg with once-
weekly semaglutide 2-4mg in type 2 diabetes: a multicentre, randomised,
double-blind, active-controlled, phase 2 trial. Lancet. 2023;6736:1-11.

Endo N, Fujino K, Doi T, Akai M, Hoshino Y, Nakano T, et al. Effect of elcatonin
versus nonsteroidal anti-inflammatory medications for acute back pain in
patients with osteoporotic vertebral fracture: a multiclinic randomized con-
trolled trial. J Bone Min Metab. 2017;35:375-84.

SPRINGER NATURE


https://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
https://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
https://doi.org/10.1016/j.cmet.2026.01.008
https://doi.org/10.1016/j.cmet.2026.01.008
https://investor.lilly.com/news-releases/news-release-details/lillys-triple-agonist-retatrutide-delivered-weight-loss-average
https://investor.lilly.com/news-releases/news-release-details/lillys-triple-agonist-retatrutide-delivered-weight-loss-average
https://doi.org/10.1016/j.diabres.2026.113191
https://doi.org/10.1371/journal.pone.0180547
https://doi.org/10.1371/journal.pone.0092042
https://doi.org/10.1371/journal.pone.0092042
https://doi.org/10.1038/s41574-025-01125-9
https://doi.org/10.1038/s41574-025-01125-9
https://doi.org/10.1016/j.biopha.2023.114969
https://doi.org/10.1016/j.biopha.2023.114969
https://doi.org/10.1210/clinem/dgab009

K.E. Mohamed et al.

10

78.

79.

80.

81.

82.

83.

84,

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

96.

97.

98.

Yeh CB, Weng SJ, Chang KW, Chan JYH, Huang SM, Chu TH, et al. Calcitonin
alleviates hyperalgesia in osteoporotic rats by modulating serotonin transporter
activity. Osteoporos Int. 2016;27:3355-64.

Ito A, Kumamoto E, Takeda M, Takeda M, Shibata K, Sagai H, et al. Mechanisms
for ovariectomy-induced hyperalgesia and its relief by calcitonin: participation
of 5-HT1A-like receptor on C-afferent terminals in substantia gelatinosa of the
rat spinal cord. J Neurosci. 2000;20:6302-8.

Wen ZH, Tang CC, Chang YC, Huang SY, Lin YY, Hsieh SP, et al. Calcitonin
attenuates cartilage degeneration and nociception in an experimental rat
model of osteoarthritis: Role of TGF-f in chondrocytes. Sci Rep. 2016;6. https://
doi.org/10.1038/srep28862.

Katri A, Dabrowska A, Lofvall H, Karsdal MA, Andreassen KV, Thudium CS, et al. A
dual amylin and calcitonin receptor agonist inhibits pain behavior and reduces
cartilage pathology in an osteoarthritis rat model. Osteoarthr Cartil.
2019;27:1339-46.

Mohamed KE, Larsen AT, Melander S, Andersen F, Kerrn EB, Karsdal MA, et al.
The dual amylin and calcitonin receptor agonist KBP-336 elicits a unique
combination of weight loss, antinociception and bone protection—a novel
disease-modifying osteoarthritis drug. Arthritis Res Ther. 2024;26. https:/
doi.org/10.1186/513075-024-03361-2.

Armagan O, Serin DK, Calisir C, Dokumacioglu A, Ozgen M, Oner S, et al. Inha-
lation therapy of calcitonin relieves osteoarthritis of the Knee. J Korean Med Sci.
2012;27:1405-10.

Esenyel M, icagasioglu A, Esenyel CZ. Effects of calcitonin on knee osteoarthritis
and quality of life. Rheumatol Int. 2013;33:423-7.

Karsdal MA, Byrjalsen |, Alexandersen P, Bihlet A, Andersen JR, Riis BJ, et al.
Treatment of symptomatic knee osteoarthritis with oral salmon calcitonin:
Results from two phase 3 trials. Osteoarthr Cartil. 2015;23:532-43.

Karsdal MA, Henriksen K, Arnold M, Christiansen C. Calcitonin - A drug of the
past or for the future? Physiologic inhibition of bone resorption while sustaining
osteoclast numbers improves bone quality. BioDrugs. 2008:137-44.

Aso K, Walsh DA, Wada H, lzumi M, Tomitori H, Fujii K, et al. Time course and
localization of nerve growth factor expression and sensory nerve growth during
progression of knee osteoarthritis in rats. Osteoarthr Cartil. 2022;30:1344-55
Adeyemi WJ, Olayaki LA. Effects of single or combined administration of salmon
calcitonin and omega-3 fatty acids vs. diclofenac sodium in sodium
monoiodoacetate-induced knee osteoarthritis in male Wistar rats. J Basic Clin
Physiol Pharm. 2017;28:573-82.

Sondergaard BC, Catala-Lehnen P, Huebner AK, Bay-Jensen AC, Schinke T,
Henriksen K, et al. Mice over-expressing salmon calcitonin have strongly atte-
nuated osteoarthritic histopathological changes after destabilization of the
medial meniscus. Osteoarthr Cartil. 2012;20:136-43.

Papaioannou NA, Triantafillopoulos IK, Khaldi L, Krallis N, Galanos A, Lyritis GP.
Effect of calcitonin in early and late stages of experimentally induced osteoar-
thritis. A histomorphometric study. Osteoarthr Cartil. 2007;15:386-95.

Kyrkos MJ, Papavasiliou KA, Kenanidis E, Tsiridis E, Sayegh FE, Kapetanos GA.
Calcitonin delays the progress of early-stage mechanically induced osteoar-
thritis. Invivo, prospective study. Osteoarthr Cartil. 2013;21:973-80.

Cheng T, Zhang L, Fu X, Wang W, Xu H, Song H, et al. The potential protective
effects of calcitonin involved in coordinating chondrocyte response, extra-
cellular matrix, and subchondral trabecular bone in experimental osteoarthritis.
Connect Tissue Res. 2013;54:139-46.

Nielsen RH, Bay-Jensen AC, Byrjalsen |, Karsdal MA. Oral salmon calcitonin
reduces cartilage and bone pathology in an osteoarthritis rat model with
increased subchondral bone turnover. Osteoarthr Cartil. 2011;19:466-73.
Manicourt DH, Altman RD, Williams JM, Devogelaer JP, Van Egeren AD, Lenz ME,
et al. Treatment with calcitonin suppresses the responses of bone, cartilage, and
synovium in the early stages of canine experimental osteoarthritis and sig-
nificantly reduces the severity of the cartilage lesions. Arthritis Rheum.
1999;42:1159-67.

El Hajjaji H, Williams JM, Devogelaer JP, Lenz ME, Thonar EJMA, Manicourt DH.
Treatment with calcitonin prevents the net loss of collagen, hyaluronan and
proteoglycan aggregates from cartilage in the early stages of canine experi-
mental osteoarthritis. Osteoarthr Cartil. 2004;12:904-11.

Bagger YZ, Tanké LB, Alexandersen P, Karsdal MA, Olson M, Mindeholm L, et al.
Oral salmon calcitonin induced suppression of urinary collagen type Il degra-
dation in postmenopausal women: a new potential treatment of osteoarthritis.
Bone. 2005;37:425-30.

Larsen AT, Sonne N, Andreassen KV, Gehring K, Karsdal MA, Henriksen K. The
dual amylin and calcitonin receptor agonist KBP-088 induces weight loss and
improves insulin sensitivity superior to chronic amylin therapy. J Pharm Exp
Ther. 2019;370:35-43.

Cai G, Aitken D, Laslett LL, Pelletier JP, Martel-Pelletier J, Hill C, et al. Effect of
intravenous zoledronic acid on tibiofemoral cartilage volume among patients
with knee osteoarthritis with bone marrow lesions. JAMA. 2020;323:1456 .

SPRINGER NATURE

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111,

112.

113.

114.

115.

116.

117.

118.

119.

Yazici Y, McAlindon TE, Gibofsky A, Lane NE, Lattermann C, Skrepnik N, et al. A
Phase 2b randomized trial of lorecivivint, a novel intra-articular CLK2/DYRK1A
inhibitor and Wnt pathway modulator for knee osteoarthritis. Osteoarthr Cartil.
2021;29:654-66.

Hochberg MC, Guermazi A, Guehring H, Aydemir A, Wax S, Fleuranceau-Morel P,
et al. Effect of intra-articular sprifermin vs placebo on femorotibial joint cartilage
thickness in patients with osteoarthritis: the FORWARD randomized clinical trial.
JAMA - J Am Med Assoc. 2019;322:1360-70.

Richette P, Latourte A, Sellam J, Wendling D, Piperno M, Goupille P, et al. Efficacy
of tocilizumab in patients with hand osteoarthritis: double blind, randomised,
placebo-controlled, multicentre trial. Ann Rheum Dis. 2021;80:349-55.

Lutz TA, Geary N, Szabady MM, Del Prete E, Scharrer E. Amylin decreases meal
size in rats. Physiol Behav. 1995;58:1197-202.

Arnelo U, Permert J, Adrian TE, Larsson J, Reidelberger RD, Larsson J, et al.
Chronic infusion of islet amyloid polypeptide causes anorexia in rats. Am J fo
Physiol. 1996;271:1654-9.

Kern K. A, Dibrog A. M., Przybysz J. T., Mietlicki-baase E. G. Effects of pramlintide
on energy intake and food preference in rats given a choice diet. Physiol Behav.
2021;pre-proof:113541. https://doi.org/10.1016/j.physbeh.2021.113541.

Young AA, Gedulin B, Vine W, Percy A, Rink TJ. Gastric emptying is accelerated in
diabetic BB rats and is slowed by subcutaneous injections of amylin. Diabeto-
logia. 1995;38:642-8.

Roth JD, Hughes H, Kendall E, Baron AD, Anderson CM. Antiobesity effects of the
B-cell hormone amylin in diet-induced obese rats: Effects on food intake, body
weight, composition, energy expenditure, and gene expression. Endocrinology.
2006;147:5855-64.

Akesson B, Panagiotidis G, Westermark P, Lundquist I. Islet amyloid polypeptide
inhibits glucagon release and exerts a dual action on insulin release from iso-
lated islets. Regul Pept. 2003;111:55-60.

Aoki M, Mori A, Nakahara T, Sakamoto K, Ishii K. Effect of synthetic eel calcitonin,
elcatonin, on cold and mechanical allodynia induced by oxaliplatin and pacli-
taxel in rats. Eur J Pharm. 2012;696:62-9.

Azria M. Possible mechanisms of the analgesic action of calcitonin. Bone.
2002;30:80-3.

Karsdal M. A, Byrjalsen ., Riis B. J., Christiansen C. Investigation of the diurnal
variation in bone resorption for optimal drug delivery and efficacy in osteo-
porosis with oral calcitonin. BMC Clin Pharmacol. 2008;8. https://doi.org/
10.1186/1472-6904-8-12.

Karsdal MA, Byrjalsen |, Leeming DJ, Delmas PD, Christiansen C. The effects of
oral calcitonin on bone collagen maturation: implications for bone turnover and
quality. Osteoporos Int. 2008;19:1355-61.

Arnala 10. Salmon calcitonin (Miacalcic NS 200 IU) in prevention of bone loss
after hip replacement. Scand J Surg. 2012;101:249-54.

Keller J., Catala-Lehnen P., Huebner A. K., Jeschke A, Heckt T., Lueth A, et al.
Calcitonin controls bone formation by inhibiting the release of sphingosine
1-phosphate from osteoclasts. Nat Commun. 2014;5. https://doi.org/10.1038/
ncomms6215.

Tsukamoto M, Menuki K, Murai T, Hatakeyama A, Takada S, Furukawa K, et al.
Elcatonin prevents bone loss caused by skeletal unloading by inhibiting pre-
osteoclast fusion through the unloading-induced high expression of calcitonin
receptors in bone marrow cells. Bone. 2016;85:70-80.

Henriksen K, Byrjalsen I, Andersen JR, Bihlet AR, Russo LA, Alexandersen P, et al.
A randomized, double-blind, multicenter, placebo-controlled study to evaluate
the efficacy and safety of oral salmon calcitonin in the treatment of osteoporosis
in postmenopausal women taking calcium and vitamin D. Bone. 2016;91:122-9.
Manglani K, Vijayan V, Pathak C, Khandelwal M, Singh P, Chellappa S, et al.
Development and characterization of supramolecular calcitonin assembly and
assessment of its interactions with the bone remodelling process. Bone.
2019;122:123-35.

Hsiao CY, Chen TH, Chu TH, Ting YN, Tsai PJ, Shyu JF. Calcitonin induces bone
formation by increasing expression of Wnt10b in osteoclasts in ovariectomy-
induced osteoporotic rats. Front Endocrinol (Lausanne). 2020;11:558392.

Wu L, Cheng L, Yang J, Yan Y, Zhang E, Kochovski Z, et al. Construction of active
protein materials: manipulation on morphology of salmon calcitonin assemblies
with enhanced bone regeneration effect. Adv Mater. 2022;34. https://doi.org/
10.1002/adma.202207526.

Rui Z, Yan C, Wang Z, Yuan Y, Luan C, Wang L. The effects of alfacalcidol
combined with calcitonin in the treatment of osteoporosis and its influence on
levels of inflammation. Am J Trans| Res. 2024;16:1690-700.

AUTHOR CONTRIBUTIONS

KEM—Conceptualization—Writing (original draft)—Writing (review & editing)—Visua-
lization. ATL—Conceptualization Writing (original draft)—Writing (review & editing).
CST—Writing (original draft)—Writing (review & editing). AB—Writing (original draft)—

International Journal of Obesity


https://doi.org/10.1038/srep28862
https://doi.org/10.1038/srep28862
https://doi.org/10.1186/s13075-024-03361-2
https://doi.org/10.1186/s13075-024-03361-2
https://doi.org/10.1016/j.physbeh.2021.113541
https://doi.org/10.1186/1472-6904-8-12
https://doi.org/10.1186/1472-6904-8-12
https://doi.org/10.1038/ncomms6215
https://doi.org/10.1038/ncomms6215
https://doi.org/10.1002/adma.202207526
https://doi.org/10.1002/adma.202207526

Writing (review & editing). MAK—Conceptualization—Writing (review & editing). ACBJ
—Writing (original draft)—Writing (review & editing). KH-Conceptualization—Writing
(original draft)—Writing (review & editing)-Supervision.

FUNDING
AB has received funding under the Marie Sktodowska-Curie Doctoral Network (Grant
agreement number 101120524).

COMPETING INTERESTS
KEM, ATL, CST, MAK, ACBJ, and KH are employed by Nordic Bioscience A/S. MAK, KH,
CST, and ACBJ own stock in Nordic Bioscience A/S. AB has no competing interests.

International Journal of Obesity

K.E. Mohamed et al.

ADDITIONAL INFORMATION

Correspondence and requests for materials should be addressed to
Khaled Elhady Mohamed.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to
this article under a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article is solely
governed by the terms of such publishing agreement and applicable law.

SPRINGER NATURE

11


http://www.nature.com/reprints
http://www.nature.com/reprints

	Dual amylin and calcitonin receptor agonists as multifaceted disease-modifying osteoarthritis drugs
	Introduction
	Osteoarthritis pathology and progression
	Metabolic osteoarthritis
	Treatment of osteoarthritis
	Current management of osteoarthritis and recently investigated OA pharmacotherapies
	Weight loss for OA management

	Why DACRAs stand out as the leading weight loss drug for OA management
	The physiological roles of calcitonin and amylin
	Calcitonin
	Amylin
	The calcitonin receptors

	DACRA-mediated effects catering to metabolic OA management
	Amylin-mediated weight loss
	Calcitonin-mediated pain-relief
	Calcitonin-mediated anti-resorptive/chondroprotective effects

	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




