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Abstract:

Introduction: The prevalence of both obesity and osteoarthritis (OA) are increasing worldwide

(twindemic), and the association between the two chronic diseases is also well-established.

Areas covered: In this narrative review, we will briefly describe the double burdens of both
diseases, the impact of weight loss or gain on OA incidence and structural progression and
discuss the biomechanical and anti-inflammatory mechanisms mediating these effects. FDA-
approved anti-obesity drugs are summarized in terms of their clinical efficacy and safety profile,
and the completed or ongoing phase 2/3 clinical trials of such drugs in OA patients with obesity

are examined.

Expert opinion: We will discuss the perspectives related to principles of prescription of anti-
obesity drugs, the potential role of phenotype-guided approach, time to drug effects in clinical
trials, sustainability of weight loss based on the real-world studies, the importance of
concomitant therapies such as dieting and exercises, and the role of weight loss on non-weight
bearing OA joints. Although obesity is the major risk factor for OA pathogenesis and
progression, and there are a variety of anti-obesity medications on the market, research on the

use of these disease-modifying drugs in OA (DMOAD) is still sparse..

Key words: osteoarthritis; obesity; anti-obesity drugs; disease-modifying; DMOAD; diet;

exercise



44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

1. Introduction
1.1. The double burden of OA and obesity

Osteoarthritis (OA) represents a major challenge for twenty-first century health care
systems due to its high prevalence. In 2020 the global prevalence of OA in persons over 40
years of age was estimated at 22.9% (correspondingly 654.1 million individuals globally)[1].
In the Global Burden of Disease study 2017, age-standardized OA point prevalence showed an
increase of 9.3% from 1990 to 2017[2]. It represents the 18" highest cause of years lived with
disability (YLDs) worldwide for age groups 50-74 years[3], with a relative increase in YLDs
of 36% from 1990 to 2019[4], reflecting the substantial disease burden in terms of functional
limitations and quality of life. In addition, direct and indirect costs of OA range from 1 to 2.5%
of the gross national product across most developed countries[5]. In the studies using the data
from the Johnston County Osteoarthritis Project in the USA (United States of America), the
lifetime risk of symptomatic knee, hip and hand OA was 44.7% in 2003[6], 25.3% in 2003[7]
and 39.8% in 2010[8] respectively, causing substantial implications for patients, health-care
systems, and socioeconomic costs[9]. In 2016 OA was formally proposed as a serious disease
to the US Food and Drug Administration (FDA) in a White Paper published by the
Osteoarthritis Research Society International (OARSI)[10]. So far, no disease-modifying OA

drug (DMOAD) exists[11].

Overweight and obesity are caused by abnormal or excessive accumulation of adipose
tissue in the body[12]. In addition to being a primary driver of the global rise in non-
communicable diseases, obesity itself has been recognized as a complex, chronic non-
communicable disease since 2013 by American Medical Association[13]. For adults, the World
Health Organization (WHO) defines overweight as body mass index (BMI) > 25 kg/m? and

obesity as BMI >30 kg/m?[14] for people of European ancestry. Lower cut-off points of 23
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kg/m? and 27.5 kg/m? may be used in Asian populations as trigger points for public health
action[15] as obesity-related comorbidities can develop at lower BMIs in Asians[16]. Globally,
obesity has nearly tripled between 1975 and 2016. In 2016, more than 1.9 billion adults (39%)
were affected by overweight, and over 650 million (13%) have obesityworldwide[14]. In the
US, obesity affected 42.4% of adults in 2017[17] and by 2030 it is projected that almost 1 in 2
adults will have developed obesity (48.9%; 95% confidence interval [CI], 47.7 to 50.1)[18]. In
the Global Burden of Disease study 2019, obesity was the seventh leading risk factor and
represented a 32.5% increase in age-standardized disability-adjusted life years (DALY) from

2010 to 2019[19].

Although obesity is often labelled as “modifiable” among its risk factors, this
terminology may be too simplistic, given that obesity is now considered as a chronic, relapsing,
multifactorial disease, which makes sustained long-term weight loss extremely challenging for
a large proportion of the population[20]. In a meta-analysis including 29 studies adopting
lifestyle modifications (diet and exercise) for at least five years, more than half of the lost
weight was regained within 2 years while more than 80% of lost weight was regained by 5
years[21]. Even in the best of cases, diet, exercise, and behavioural counselling only lead to
5% to 10% average weight loss, and few morbidly obese patients are able to maintain an “ideal”
body weight[20]. Therefore, comprehensive obesity management, including medical therapies,
may be useful as ongoing support to achieve sufficient weight loss or maintain the lost
weight[22]. Anti-obesity drugs contribute to as much as 15% weight loss in responders[23,24],

and the weight loss is maintained in clinical trials for several years[25].

In this narrative review, we will outline the impact of obesity on the OA disease process
and possible pathogenic mechanisms, summarize the clinical efficacy and safety profile of FDA
approved anti-obesity drugs, review the completed or ongoing phase 2/3 clinical trials of such

drugs evaluated in obese patients with OA and discuss the perspectives related with principles
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of drug prescription, time to drug effects and sustainability, role of concomitant therapies, effect
of weight loss on non-weight bearing OA joints. In line with the primary objective of this
narrative review, one author (WMO) conducted a systematic search of the PubMed database
since the database inception to January 31, 2022 for clinical trial reports (excluding the reviews)
related to “approved anti-obesity drugs and/or Osteoarthritis” with the following terms in the
title:  “orlistat,” “phentermine/topiramate,”  “naltrexone/bupropion,”  “liraglutide,” or
“Semaglutide,” or “Setmelanotide” (orlistat: n=256; phentermine/topiramate; n=9;
naltrexone/bupropion: n=11; liraglutide:n=151; Semaglutide: n=24 and Setmelanotide: n=7).
For extracting the completed/ongoing phase 2/3 clinical trials conducted in obese patients with

OA, www.clinicaltrials.gov was used.

1.2. Mechanism of association of obesity with OA

Weight loss may alleviate the symptoms of knee OA due to a reduction in joint
compressive forces[26], as each kg of weight loss will contribute to a 4-fold reduction in the
load exerted on the knee per step[27]. Weight loss in 157 patients with knee OA over 16 weeks
caused significantly lower (7%) knee compressive forces, a 13% lower axial impulse, and
internal knee abduction moments (12%)[28]. If an individual with a baseline bodyweight of
90.1 kg lost 12.7 kg, no further progression of the maximum extrusion was observed[29].
Individuals with a BMI between 35 and 41.3 kg/m2 produced excessive peak compressive loads
of over 1.2 x 106 N, and excessive peak shear stress of over 206,000 N per mile walking

compared to those with a BMI between 27 and 29.9 kg/m2 [30].

Although the mechanism of association between OA and obesity was initially
considered purely biomechanical, the evolving and expanding research landscape appears to

show a more complex and multifactorial relationship[31]. The inadequate muscle mass and
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strength unmatching the loads placed upon the joints in obese individuals in terms of weight
bearing index (leg strength (kg)/body weight (kg)[32] lower the capacity of weight bearing
joints to absorb the impact forces, altering the loading conditions and thus exacerbating the joint
malalignment[33]. Participants who achieved >10% weight-loss had significantly lower
resultant knee forces and lower quadriceps, hamstring, and gastrocnemius muscles forces
compared with those with less weight-loss. Greater than 10% weight loss at 18-months follow-
up had significantly reduced quadriceps, hamstring, and gastrocnemius muscle forces compared

to those that lost less weight (n=454)[34].

The increased loading forces are sensed by mechanosensitive ion channels of the
articular chondrocytes [35], triggering the initiation of intracellular signalling cascades of
cytokines, growth factors, and metalloproteinases[36]. Microscopic horizontal fissuring at the
osteochondral interface was the major pathological manifestation of obesity-related OA with

an increase in the odds of horizontal fissures by 14.7% per an increase in one unit of BMI[37].

Adipose tissue is a highly metabolic endocrine organ[38] capable of secreting active
adipocytokines, such as leptin, resistin, and adiponectin[39]. Obesity causes an inflammatory
synovial phenotype in the OA joint not only by increased synovial fluid IL-6 production through
chondrocyte-synovial fibroblast cross-talk (mediated by pro-inflammatory leptin)[40] but also
by imprinting an inflammatory transcriptome on the synovial tissue/synovial fibroblasts, with
increased expression of proinflammatory messenger RNAs (MRNAS)[41]. Resistin are elevated
in obese patients with hip OA and can drive abnormal type | collagen phenotype in the
subchondral bone[42] Macrophage-induced inflammation of white adipose tissue was
associated with local joint degradation by inducing pro-inflammatory cytokines and
degradative enzymes[43]. Obesity leads to macrophages’ phenotypic switch toward the pro-
inflammatory subtype and TNF-a-induced insulin resistance and lipolysis of adipocytes[44].

Macrophage-mediated synovitis seems to be crucial in the initiation and progression of obesity-
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induced OA[45] as weight gain was associated with increased prevalence of synovial
inflammation even before the cartilage degradation compared with stable weight in human[46]

and animal[47] studies.

1.3. Impact of obesity on OA (risk factor for incident disease, progression, and disease

management)

OA is becoming a highly prevalent articular disease with growing epidemics of
obesity[48,49] (twindemic), causing massive co-morbidity and health care issues worldwide.
The significant association between obesity and knee OA compared with other types of
rheumatism was first documented in 1945[50]. Two in three individuals with obesity may

develop symptomatic knee OA in their lifetime[6].

In addition, obesity is the dominant risk factor for OA. In a large population-based
cohort (n=1,764,061) with a median follow-up of 4.45 years, individuals with overweight (25
to <30 kg/m?), obesity grade 1 (30 to <35 kg/m?) and obesity grade 2 (>35 kg/m?) demonstrated
an increased risk for knee OA by a factor of 2, 3.1 and 4.7 fold respectively, compared with
normal control (BMI <25 kg/m?)[51]. In a meta-analysis (n= 872 717), every 5-unit increase in
BMI can lead to a 35% increased risk of knee OA (RR: 1.35; 95%CI: 1.21, 1.51) with a stronger
risk in women [52]. An estimated 24.6% of new cases of knee pain could be attributed to
having overweight and obesity [53]. On the other hand, weight loss of 5.1 kg over the 10 years

decreased the odds for developing knee OA by 54%[54].

In adults with mean BMI of 33.6 to 36.4 kg/m2 and mild to moderate knee OA, a 5% to
10% weight loss significantly improved pain [effect size (ES) 0.33, 95% CI 0.17 to 0.48], self-
reported disability (ES 0.42, 95% CI 0.25 to 0.59) and quality of life (physical) (ES 0.39, 95%ClI

0.24 to 0.54)[55]. A dose-response gradient of weight loss/gain for pain and function seems to
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be more obvious for body weight shifts of >10% over a 3-year period[56]. There also seems to
have a dose-response effect of weight loss of up to 20% of baseline body weight on clinical and

mechanistic outcomes[57].

In addition to symptomatic benefits, there are beneficial effects of weight loss on knee
joint structures in obese patients. A recent post-hoc analysis of the Intensive Diet and Exercise
for Arthritis (IDEA) trial[58] showed less progression of medial meniscus extrusion measured
by quantitative MRI after losing weight over 18 months[29], perhaps due to a reduction in knee
compressive forces on the pain-sensitive structures (i.e., the meniscus and the joint
capsule)[59]. Similarly, a decrease in low-grade inflammation and biomarkers of cartilage
catabolism[60], reduced loss of cartilage thickness over time[61-63], less progression of
cartilage degeneration as measured with global T2 relaxation time over 8 years[64] were
reported. The lowest weight loss cut-off associated with reduced loss of medial femoral
cartilage thickness was 7%][61]. In addition, the international consensus on the specific
structural pathologies and optimal imaging outcomes a should be prioritized for capturing the

structural effects of weight loss on hip or knee OA with high sensitivity[65].

2. FDA-approved anti-obesity medications
2.1. FDA guidelines for drug approval

After the 2004 FDA Advisory Committee Meeting to discuss updating the first 1996
draft guidance for obesity drug[66], the 2007 Draft Obesity Drug Guidance was published to
facilitate the development of anti-obesity drugs for medical weight loss[67], defined as a long-
term reduction in fat mass with a goal of reduced morbidity and mortality. According to the
guidance, the phase 3 clinical trials should target individuals with a BMI >27 kg/m? with at

least 1 obesity-related comorbidity, or a BMI >30 kg/m2. To capture adequate efficacy and



190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

safety data, the trial duration was defined as at least 1 year, and the active group should include
~3000 subjects while the placebo group include at least 1500 subjects. A lifestyle modification
program was recommended as the standard of care for all participants. The drug requires to
meeting one of these efficacy endpoints (1) mean placebo-subtracted weight loss >5% and (2)
the proportion in the active group who lose >5% of baseline body weight is >35% and
approximately double the proportion in the placebo group who lose >5%. In addition,
improvements in blood pressure, lipids, glycemia, and other weight-related comorbidities will

be considered in the benefit-risk assessment[68].

Obesity pharmacotherapy has evolved significantly since the approval of the first drug,
desoxyephedrine, in 1947 (later withdrawn from the market after Kefauver-Harris amendments
in 1962)[69]. Currently, six anti-obesity medications have been approved by US FDA for long-
term use: orlistat in 1999[70], phentermine-topiramate in 2012, bupropion-naltrexone in
2014[71], and liraglutide 3.0 mg in 2014[72], Setmelanotide in 2020 (only for rare genetic
diseases of obesity)[73] and Semaglutide 2.4 mg in 2021[74]. The mechanisms of action for

these drugs[75] are illustrated in Figure 1.

Two medications have been recalled: sibutramine in 2010 due to concerns over the
elevated risk of nonfatal myocardial infarction [(hazard ratio (HR)=1.28; 95% Cl, 1.04 to 1.57)]
and nonfatal stroke (HR=1.36; 95% CI, 1.04 to 1.77) in pre-existing cardiovascular conditions

[76], lorcaserin in 2020 for increased cancer risk over a latency period of 2.5 years[77].

These medications are indicated for patients who have failed to achieve > 5% of baseline
weight after 6 months of lifestyle interventions which comprise nutritional, physical activity,
and behavioural changes. Professional guidelines recommend the following FDA-approved

anti-obesity medications for individuals with BMI > 30 kg/m2 or BMI > 27 kg/m2 with
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comorbidities[78,79]. The efficacy of currently approved anti-obesity drugs in placebo-

subtracted weight loss in kilograms is illustrated in Figure 2.

The following section will provide a brief description of mechanisms, efficacy, and
safety profile of each of the pharmacologic agents currently approved. Their dosage, common

adverse reactions and contraindications are described in Table 1.

2.1.1. Orlistat

Orlistat (Xenical, Alli) reduces fat absorption from the gastrointestinal tract up to 32%
via inhibiting intestinal lipase[80]. The inhibition of fat digestion was much greater with the
solid foods than with the liquids (57.4% vs 18.8%)[81]. Either 60 mg (over the counter use) or
120 mg capsules (need a prescription) are orally administered three times a day (TID)[82]. 31%
and 38% of patients taking either the orlistat 60 mg or 120 mg achieved more than 10% loss of
baseline body weight after 1 year[83]. In a meta-analysis (n=10 631 participants), orlistat
reduced weight by 2.9 kg (95%CI 2.5, to 3.2) and 21% and 12% of participants achieved 5%

and 10% weight loss thresholds, respectively[84].

Recent meta-analyses displayed beneficial effects on plasma lipids[85], reduction of
blood pressure[86] and no signal for hepatic damage[87]. However, the high non-responder rate
and frequent lingering gastrointestinal (G1) side effects such as flatulence and steatorrhea have
limited its widespread use[88]. Fat-soluble vitamin deficiencies may occur and can be mitigated

with the prescription of vitamin supplements[89].

2.1.2. Phentermine/topiramate

The exact mechanism of action of phentermine/topiramate ER combination therapy is

unknown. Phentermine is a noradrenergic sympathomimetic amine[90]. Although its exact

10
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mechanism of weight loss is not fully elucidated, it is postulated to act on B-adrenergic
receptors in the perifornical hypothalamus[91] , leading to decreased food intake and body
weight [92]. Proposed mechanisms of weight loss associated with topiramate are blockage of
voltage-dependent sodium channels, augmentation of y-aminobutyric acid activity (GABA-A),
and inhibition of carbonic anhydrase isoenzymes Il and IV [93,94]. Qsymia is a single-tablet
fixed-dose combination capsule containing immediate-release phentermine and controlled-
release topiramate and available in four doses: (1) starting dose (3.75mg/23 mg), (2)
recommended dose (7.5 mg/46 mg), (3) transition dose (11.25mg/69 mg), and (4) top dose
(15 mg/92 mg)[95,96]. In the latest phase 3 randomized controlled trial (RCT) (n=676), the top
dose resulted in a 10.5% weight loss at 2 years, which was 8.7% higher than with placebo
(1.8%). Almost 54% of patients achieved 10% weight loss, and over 15% achieved 20% weight
loss[97]. It also decreases LDL by 4.2 mg/dL, systolic blood pressure by 3.7 mm Hg and
diastolic blood pressure by 1.4 mm Hg, while the increase in HDL cholesterol was 2.2

mg/dL[98].

Before FDA approval of Semaglutide, several meta-analyses reported that
phentermine/topiramate provided the greatest magnitude of weight loss among the anti-obesity
medications [99,100]. The weight loss effect and safety profile are dose-dependent, and the
commonest adverse effects are dysgeusia (odds ratio [OR] = 8.86, 95% CI: 5.65-13.89),
paraesthesia (OR = 8.51, 95% ClI: 6.20-11.67), dry mouth (OR =6.71, 95% CI: 5.03-8.94)[101].
It carries a warning for increased heart rate (>5 to >20 beats/min [102] ),particularly in patients
with known cardiac or cerebrovascular diseases [96,103]. In the recent retrospective study
(n=13 972) using outpatient information from an electronic health record, longer term
phentermine use revealed no increase in risk for incident cardiovascular events or death over 3
years of follow-up in a population without diagnosis and/or procedure codes for any

cardiovascular disease[104]. The European Medicines Agency (EMA) refused its marketing

11
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authorisation due to safety concerns such as effects on the cardiovascular system, psychiatric
and cogpnitive effects, teratogenic risk (cleft lip/palate), and off-label use[105]. Patients who do
not achieve at least 5% of weight loss after 12 weeks on the full dose should discontinue it after

tapering over 1 week[96,103].

2.1.3. Naltrexone/bupropion

Bupropion is a reuptake inhibitor of dopamine and norepinephrine that activates
anorexigenic pro-opiomelanocortin (POMC) neurons in the hypothalamus, resulting in
decreased food intake and increased energy expenditure, while naltrexone is an opioid
antagonist that diminishes the auto-inhibitory feedback loop on these POMC neurons via mu-
opioid receptor antagonism, facilitating the effect of bupropion on POMC signalling for
sustained weight loss[106,107]. Contrave is an oral, sustained-release combination of
bupropion and naltrexone, causing dual mechanisms of complementary stimulation of POMC
signalling[108]. It is a fixed-dose combination tablet containing naltrexone 8 mg/bupropion 90
mg; the starting dose is 1 tablet daily, increasing by 1 tablet each week until a maximum daily

dose of naltrexone 32 mg/bupropion 360 mg (2 tablets twice a day) is achieved at week 4[109].

In a meta-analysis of 4 phase-3 RCTs, placebo-subtracted weight loss was 5.0 kg, with
55% and 30% of participants achieving a >5% or >10% weight loss, respectively[99]. It
increases HDL cholesterol by 2.5 mg/dL[98] and increases blood pressure (BP) and heart rate,
especially in the titration stage [109]. There were no significant associations with major
cardiovascular adverse events (MACE, defined as cardiovascular death, nonfatal stroke, or
nonfatal myocardial infarction) in recent meta-analyses of published trials[100,110]. However,

a recent meta-analysis of unpublished clinical study reports suggested an urgent need for a
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rigorous process of post marketing surveillance due to the increased risk of serious adverse

events and recommended not to prescribe it as a first-line anti-obesity agent[111].

2.1.4. Liraglutide

Liraglutide is a glucagon-like peptide-1 (GLP-1) receptor (GLP-1 R) agonist which can
delay gastric emptying, and reduce appetite[112] through direct action on GLP-1 receptors in
the hypothalamic paraventricular and arcuate nucleus[113]. Unlike GLP-1, with a short half-
life of 1.5 min after intravenous dosing and 1.5 h after subcutaneous dosing[114], liraglutide
possesses high receptor potency as well as pharmacokinetics that are optimum for once daily
dosing[115]. Saxenda contains liraglutide, which is administered once daily by the
subcutaneous route, and starts with 0.6 mg per day for one week and is then titrated in 0.6 mg

weekly increments up to a maximum of 3.0 mg per day[116].

In a meta-analysis including all phase-3 studies of liraglutide, a mean 5.3 kg placebo-
subtracted weight loss was 5.3 kg at 1 year, with 63% and 34% of participants achieving a >5%
or >10% weight loss[99]. It reduced fasting blood glucose by 15.7 mg/dL, haemoglobin Alc
by 0.5%, and systolic blood pressure by 2.8 mmHg[98]. Post-hoc analyses of phase-3 SCALE
(Satiety and Clinical Adiposity-Liraglutide Evidence in individuals with and without diabetes)
studies demonstrated cardiovascular risk reduction (HR=0.42 (95% C1 0.17, 1.08)[117] and no
between-treatment imbalances for neuropsychiatric safety[118]. A recent meta-analysis
demonstrated a lack of association of GLP-1 receptor agonists (n= 48 267) with breast

neoplasms compared with placebo (n=40 755)[119].
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2.1.5. Semaglutide

Semaglutide is a long-acting glucagon-like peptide-1 analogue with pharmacokinetics
that were optimized for once weekly subcutaneous dosing by modifying the molecular
structure[120]. Compared with liraglutide, Semaglutide has an alanine to alpha-
aminoisobutyric acid amino acid substitution instead of alanine at position 8 and a C-18 fatty
diacid side chain with a Glu-2xOEG linker instead of a C-16 fatty acid chain with a gamma
glutamate linker at position 26[121] leading to clinically relevant superiority of Semaglutide in
efficacy endpoints such as weight loss (5.8 kg vs 1.9 kg) and proportions of subjects achieving

weight loss of = 5% and = 10% at week 30 (56% vs 18% and 19% vs 4%, respectively) [122].

In a recent head to head phase-3 open label study, body weight was reduced by 5.8 kg
with once-weekly Semaglutide 1.0 mg and by 1.9 kg with once-daily liraglutide 1.2 mg (-3.83
kg; 95% CI -4.57 to -3.09) at week 30[122]. Furthermore, 56% vs 18% and 19% vs 4% of
subjects achieved weight loss of 5% or 10% at week 30 with Semaglutide vs liraglutide,
respectively. Their safety profile is similar except for more frequent gastrointestinal disorders
with Semaglutide (43.9% vs 38.3%). In addition to sustained, clinically relevant weight loss,
significant improvements were demonstrated over placebo in HbAlc, systolic blood pressure,
triglycerides, C-reactive protein in four phase-3 RCTs[123-126]. In a recent meta-analysis
examining the effects of 21 antidiabetic medications on body weight and blood pressure in
patients with type 2 DM (276 336 patients), Semaglutide was the most efficacious in weight
reduction as well as improving systolic blood pressure and may be the preferred treatment
option in overweight/obese and/or hypertensive patients with type 2 DM[127]. In patients with
type 2 DM and high cardiovascular risk (n= 3297), Semaglutide showed 26% reduction in

MACE risk over 2.1 years (HR=0.74; 95% CI=0.58, 0.95)[128].
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2.1.6. Setmelanotide

Setmelanotide is an agonist of melanocortin 4 receptor (MC4R), a component of the
leptin-melanocortin pathway, which regulates energy balance and body weight[129]. Mutations
in the MC4R gene result in hyperphagia and severe childhood-onset obesity (0.5% to 5.8% of
childhood-onset obesity)[130]. It is approved for treating childhood obesity arising from pro-
opiomelanocortin (POMC) [80% (n=10) achieved > 10% weight loss at 1 year[131]], proprotein
convertase subtilisin/kexin type 1 (PCSK1), or leptin receptor (LEPR) deficiency [45% (n=11)
achieved > 10% weight loss at one year[131]] in a personalized medicine approach. In a phase-
3 trial, 34.5% (n=31) achieved a > 10% weight loss in patients with Bardet-Bied| or Alstrom
syndrome[132]. It is administered once daily by the subcutaneous route, using a titration

schedule up to a maximum of 3 mg daily[133].

2.2. Phase 2 and 3 clinical trials in OA patients with obesity

Weight reduction in overweight/obese patients with knee OA is a critical core
component of a plethora of international guidelines[134,135], based on evidence from diet and
exercise studies, not from pharmacologic or bariatric surgery studies. Ideally, the optimal target
for weight loss should be to lose 10% of baseline weight[57,136], consistent with the NIH
recommendation[137], although the benefits in clinical and mechanistic outcomes start with a
loss of >5% of body weight in OA patients[135,138]. However, only 14% of OA patients were
provided with weight-loss counselling during clinical consultations (n=199)[139], perhaps due
to the obesity bias and stigma associated with the topic[140]. This can lead to missed
opportunities for introducing anti-obesity medications to the patients who may need them

most[141].
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The active and completed clinical trials were searched on the PubMed database and
www.clinicaltrials.gov using the disease conditions and the approved pharmaceutical agent of
interest as described in the review objective. We identified one published clinical trial for
liraglutide on PubMed but none for other anti-obesity drugs. One completed phase 4 RCT for
liraglutide (NCT02905864), and an ongoing phase 3 RCT for Semaglutide (NCT05064735)

were identified on www.clinicaltrials.gov.

2.2.1. Liraglutide in OA patients

OA is a chronic articular disease involving multiple tissues in the pathogenic process,
such as cartilage damage, inflammation of synovium, etc. In an OA model of knee joints in
vivo, activation of GLP-1R on chondrocytes with liraglutide is anti-inflammatory via regulation
of NF-kB signalling and anti-apoptotic via the PI3K/Akt signalling, leading to reduced rat
cartilage damage[142]. These mechanisms were confirmed in another study with a
monoiodoacetate-induced knee OA rat model[143], suggesting this as a potential therapeutic

option for OA.

In a phase 3 RCT, patients with knee OA and a BMI >27 kg/m? were provided with diet
intervention as a pre—random assignment (week —8 to 0), those with >5% of weight loss at
week 0 were administered with liraglutide 3 mg once daily (n=80) or placebo (n=76) for 52
weeks[144]. The placebo-subtracted weight loss was 3.9 kg (95% CI —6.9, —1.0) and those who
lost >5% and >10% body weight was twice as high in the liraglutide group (35% vs 17% and
21% vs 10% respectively). However, no significant effects on the Knee injury and Osteoarthritis
Outcome Score (KOOS) pain subscale were revealed (0.9 points; 95% CI —3.9, 5.7). Other
secondary pain and function outcomes showed no between-group difference. More frequent

gastrointestinal adverse events and higher withdrawal rates were reported in the liraglutide
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group compared with the placebo group (50% vs 39% and 13% vs 5%, respectively). As a note,
the pre-random assignment dietary intervention caused a weight loss of ~12.5 kg prior to
random assignment, which might lead to amelioration of knee pain at random assignment and

limit the potential for further symptomatic benefits during the study.

2.2.2. Semaglutide in OA patients

As discussed in an earlier section, Semaglutide has a longer duration of action and
results in larger weight loss, compared with liraglutide. Currently, a phase 3 RCT is ongoing in
knee OA patients with obesity using 2.4 mg Semaglutide subcutaneously once weekly and is

expected to be complete in June 2023 (NCT05064735).

3. Expert opinion

As obesity is the major modifiable risk factor for OA pathogenesis and disease
progression, successful weight loss leads to symptomatic and structural improvements in the
long term[29,56,57,63], the implementation of weight loss in clinical practice are core aspects
of OA guidelines[134,135]. A multifaceted approach is required to achieve successful obesity
management. This should be started with empathy, realizing that obesity is a pathological

disease, not a stigma or series of bad choices[141].

The clinical approach to obesity management is similar in principle to that of
hypertension, which is based on adding appropriate medications where necessary to a
foundation of lifestyle modifications such as reduced-salt intake, caloric restriction, physical
exercises, etc[145]. If the 25-30% of the daily caloric intake is reduced by the energy deficit of

500-1000 kcal per day, there should be a weight loss of 0.5 and 1 kg/week (the so-called 3,500
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kcals rule), leading to > 5% weight loss in an average period of 6 months[146]. However, most
individuals with obesity achieve only modest weight loss [1.80 kg, 95% CI (-2.40 to -1.19)]
with non-pharmacological interventions alone due to a low rate of long-term adherence to
lifestyle modifications (see section 3.6) [147]. For those who cannot achieve adequate weight
loss from lifestyle interventions, anti-obesity medications are indicated if BMI is 30 or higher,

or if it is at least 27 with one obesity-related comorbidity[148].

3.1. Principles of prescribing

As obesity is a chronic disease, anti-obesity treatment should be considered a lifelong
intervention as in the management of hypertension. Discontinuation of the drug administration
usually leads to recurrent weight gain and comorbidity exacerbation[149]. There is an enormous
inter-individual and inter-drug variability in the drug response, with the most effective drugs
being phentermine and topiramate in a recent network meta-analysis including the clinical
studies in anti-obesity medications until 2020 before FDA approval of Semaglutide [SMD= —
9.1 (95% CI — 7.8, —10.4)][150]. Validated tools to predict the extent of drug response are still
lacking. The usual recommendation is to assess the initial response at 3—-4 months and to stop
the medication if weight loss is less than 5% (<4% weight loss at 16 weeks for liraglutide)[89]
to enhance the risk—benefit ratio and avoid unnecessary drug exposure[151]. Pharmacotherapy

should be used as an adjunct to lifestyle modifications and not as a substitute.

3.2. How to choose an anti-obesity medication

Given the enormous burden and prevalence of obesity, fewer therapeutic options exist
for anti-obesity medications compared with other chronic diseases such as hypertension,

dyslipidaemia, and DM. The current standard of care is individualized depending on the
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presence of comorbidities, risk of potential adverse events, patient preference, or insurance
coverage, according to the white paper published by the American Gastroenterological

Association[152].

In a recent pragmatic, real-world clinical trial in a Mayo Clinic Weight Management
Program, obesity phenotype classification was conducted in 450 obese participants according
to the underlying pathophysiology and behaviour of energy balance, resulting in hungry brain
(abnormal satiation) (n=143), emotional hunger (hedonic eating) (n=96), hungry gut (abnormal
satiety) (n=144) and slow burn (decreased metabolic rate) (n=82)[153]. As a note, 15% (n=68)
did not meet the criteria for any single phenotype with 27% eligible for two or more phenotypes
in the study, highlighting the complexity of obesity. Then, in the second part of clinical trial,
the outcomes of 84 obesity phenotype-guided treated patients [hungry brain with phentermine-
topiramate at a dose of 7.5/46 mg daily (n=26) or lorcaserin at 20 mg daily (n=10), emotional
hunger with naltrexone/bupropion at a dose of 16/180 mg twice daily (n=24), hungry gut with
3 mg liraglutide daily (n=13), and slow burn with phentermine 15 mg daily plus increased
resistance training (n=11) were compared to 228 non-phenotype treated patients (standard of
care) over 12 months. The phenotype-guided prescription resulted in a 1.75-fold greater weight
loss compared with the non-phenotype-guided group (15% vs 9%), and 79% vs 34% achieved
>10% weight loss in the phenotype-guided vs non-phenotype-guided (standard care) groups,
suggesting the potential for phenotype-specific targeted trials.. However, further replication and
validation in larger, more racially and metabolically diverse cohorts are required before

application of the outcomes in clinical practice.

The associated comorbidity of each patient should also be considered to maximize the
benefits and reduce the risks and drug interactions. i.e., liraglutide may be preferred for an obese
knee OA patient with type 2 DM due to dual action on both obesity and DM. In addition, the

risk-benefit profile should be assessed focusing on the presence of the precautions/warnings
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and contraindications; i.e. regular BP monitoring is mandatory when prescribing the
sympathomimetics like phentermine/topiramate ER and naltrexone/bupropion to patients with
hypertension[154]. Patient preferences based on tolerability should also be central in the
prescription process due to overwhelming effects on poor adherence or discontinuation, thereby
negating the treatment effects. Other factors to be considered in drug prescription are the
paucity of RCTs in the context of OA, the need for long-term safety data[155], and adherence

to stopping rules[151].

3.3. Time to effect/benefit

Depending on the first timing of outcome assessment reported, the onset of weight loss
varies between the antiobesity drugs, ranging from 1 week for liraglutide 3.0 mg in SCALE
Maintenance trial[156] to 3 months for orlistat in XENDOS trial[157]. The minimum time taken
to achieve >5% weight loss is observed between 8-12 weeks in the majority of trials. Weight
loss of more than 10% was found only in the trials of the Semaglutide 2.4 (up to 18%)[126] and
phentermine 15 mg plus topiramate 92 mg (up to 13%)[158]. In available clinical trials of at
least 2-years’ duration, regain (reversal) of lost weight seems to occur gradually with

orlistat[157], liraglutide 3.0[159] and phentermine/topiramate[158] after 1 year time-point.

3.4. Persistence/ sustainability of effect

Maintenance of weight loss is as critical as weight loss to reduce obesity-related
comorbidity. As obesity is a remarkably heterogeneous disease[160] with highly varying
responses among different individuals to obesity interventions, sustained weight loss therefore
remains a huge challenge in real world clinical practice[149]. Recent longitudinal data from a

large electronic medical records database (n=177,743) showed that weight cycling, defined as
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fluctuations in weight of 5% or greater, is a common phenomenon up to over 70% among
individuals with modest (>5% to <10%), moderate (>10% to <15%) weight loss, irrespective
of the interventions[161]. In arecent meta-analysis, each kilogram of weight loss was associated

with faster weight regain at a rate of 0.13-0.19 kg/year[162].

Another barrier to utilization of these medications is adherence, due to the need for long-
term prescription; this results in poor adherence in some patients, especially if the desired
weight-loss goal is not achieved[141]. In a real-world setting, patients on liraglutide 3.0 mg had
42% persistence rate at 6 months compared to 27 % for phentermine/topiramate and 18% for
naltrexone/bupropion (n=26,522) with older age, male gender, presence of hyperlipidaemia and
no prior phentermine use being predictors for higher persistence[145]. A recent systemic review
of real world studies (n=41) reported a general pattern of poor compliance with all approved
anti-obesity drugs and discontinuation of treatment up to > 50% of participants within 6-

12 months due to adverse effects or perceived ineffectiveness[163].

Anti-obesity medications are still underused, perhaps due to concerns over the adverse
effects profile[69] and scepticism about the pharmacotherapy due to the disappointing history
of withdrawing several anti-obesity drugs from the market since 1997[149,164]. In a recent
population-level study (n=11,195,020) in US, only 2.4% were prescribed with anti-obesity
pharmacotherapy in 2019 with an increase from 1.1% in 2010[165]. Only 3.5% of those with
morbid obesity started these drugs within 5 years of post-bariatric surgery. Therefore, further
studies exploring the barriers to anti-obesity medications are required to facilitate their

utilization.

3.5. Role for weight loss in other types of OA e.g., hand, hip and spinal
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Compared with incident knee OA[51], obesity has a positive but lesser effect on
susceptibility to hand[166] and hip[167] OA despite conflicting evidence on the progression of
hand OA[168,169]. The biomechanical link between obesity and knee or hip OA is well-
established, the mechanisms by which metabolic abnormalities lead to non-weight-bearing
hand OA are not clear[170]. In a recent systemic review of weight-loss interventions in people
with common musculoskeletal disorders which included 19 papers, 17 are conducted in patients
only with knee OA while knee or hip OA were included in the 2 papers and spinal pain only in
3 papers [171], suggesting a paucity of research evaluating the efficacy of weight-loss
interventions in hip and spinal OA types especially in hand OA. This was reflected in the 2019
American College of Rheumatology’s OA management guideline, which recommended weight

loss only in knee and hip OA[135].

3.6. Concomitant therapies- can weight loss by dieting be enhanced with the addition of

exercise?

Although dieting causes loss of bodyweight, an increased appetite (an increase in~100
kcal/day per kg of lost weight)[172], endocrine changes, reductions in energy expenditure
accompanied by dieting can lead to a plateau of weight loss or even weight regain[173]. Without
dietary restriction, physical activities (PA) > 150 min per week leads to a weight loss of ~2-3
kg, and PA between 225 and 420 min per week elicit a weight reduction of 5- to 7.5-kg[174].
On the other hand, total energy expenditure eventually plateaus above moderate (>230 activity
counts per minute per day) activity levels (constrained total energy expenditure model rather
than additive model)[175], perhaps due to compensatory mechanisms such as increases in
muscle efficiency and decreases in resting energy expenditure[173]. A combination of a low-

calorie diet (1200-2000 kcal/day, <30% fat) and moderate-intensity exercise (5 days/week,
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225 min/week) resulted in a larger weight loss (10.8%) compared to the diet only, (8.5%) or the
exercise-only groups (2.4%)[176]. Therefore, a combination weight-loss program is
recommended and provides a greater effect size for pain and function compared with dieting
alone (SMD= —0.48; 95% CI: —0.94, —0.03, and SMD= —0.38; 95% Cl: —0.76, 0.00)[171].
Similar results were reported in another recent meta-analysis[177]. It seems to suggest that there
will be a greater weight loss with the higher intensity of lifestyle interventions at a rate of

0.13 kg lost per lifestyle intervention session at 1 year[178].

3.7. How does the magnitude of weight loss from pharmacologic therapy compare to diet

and exercise, bariatric surgery?

Compared with DM support and education (n=2575), intense lifestyle intervention
(n=2570) can produce averages of 4.7% vs 2.1% loss of initial weight over 8 years with a higher
proportion achieving 5% and 10% weight loss (50.3% vs 35.7%, and 26.9% vs 17.2%,
respectively) in a long-term study[179]. In a network meta-analysis, anti-obesity drugs can
result in between 20% to 54% of individuals achieving 10% weight loss, compared with placebo
(9%), with a greater amount of weight loss (2.6 to 8.8 kg) at 1 year with medical therapy

compared with placebo[99].

Metabolic or bariatric surgery can be considered for severely obese individuals with a
body mass index >40 or >35 with serious obesity-related comorbidities, according to an NIH
consensus panel published in 1991[180,181]. A lower BMI (BMI <32) cut-off may be
appropriate in younger patients with the severe categories of comorbidities[182]. Metabolic
surgery is the most effective intervention for maintaining clinically significant long-term weight
loss[183,184]. Based on the latest available meta-analysis, the amount of placebo-subtracted

weight loss of pharmacological treatments in comparison with life-style modifications and
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bariatric surgery at 1-year follow-up are illustrated in Figure 3. Generally, among the non-
pharmacological interventions, diet plus exercises cause the largest weight loss of 7.9 kg at 1
year, while exercises or diet lose weight by 1 kg and 4.6 kg respectively, compared with
education and support[185]. Among the pharmacological treatments, orlistat produces the
lowest weight loss while Semaglutide results in greatest weight loss, compared with the
placebo, which includes diet and exercise[186,187]. The metabolic surgery leads to the greatest

weight loss with 25.9 kg, compared with all non-surgical interventions[188].

The most commonly used surgical techniques are Roux-en-Y gastric bypass (RYGB),
sleeve gastrectomy, and laparoscopic adjustable gastric banding (LAGB)[188]. RYGB
participants (n=1738) and LAGB participants (n=610) achieved a weight loss of 32% and 16%
at 3-year follow-ups, respectively[189]. The perioperative mortality rates range from 0.03% to
0.2% and an estimated 15% underwent surgical revisions [190]. Compared with medical
obesity treatment (n-956), metabolic surgery (n=932) increased the risk of additional
gastrointestinal surgeries (31% vs 16%) and complications such as abdominal pain,
gastroduodenal ulcers, and iron deficiency anaemia, despite lower risks of obesity-related
comorbidities[188,191,192]. A systematic review and economic evaluation (n=131 RCTys)
published in 2018 reported the greatest weight loss at 60 months [-20.23 kg, 95% CI -23.75, -
16.71] by RYGB and suggested it as the most cost-effective intervention with usual care or a

‘do nothing’ approach in high-income countries[193,194].

3.8. Benefits of weight loss on other body systems e.g., diabetes mellitus, lipid profile,

hypertension, and cardiovascular disease

In obese patients, 41% and 5% of BMI-related deaths were caused by CVD and DM,

respectively[195]. Beneficial effects on fasting blood glucose, glycated haemoglobin (HbALc),
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lipids, and blood pressure are observed in those with weight loss of >5%[196]. In the most
recent meta-analysis of 12 RCTs, anti-obesity drugs result in a significant reduction of fasting
plasma glucose by 0.33 mmol/L, HbAlc by 0.3% low-density lipoprotein cholesterol by 1.6%,
triglyceride by 6.7%, systolic blood pressure by 0.71 mmHg, high-sensitivity C-reactive protein
by 18.3% and a significant increase in high-density lipoprotein cholesterol by 3.3%. Each kg
of weight loss leads to a risk reduction of type 2 DM by 16%[197] as well as a 0.1-point

reduction of HbAlc in patients with DM[198].

In a recent UK study of primary care database (n=902,341), 13% weight loss lead to
risk reductions for type 2 DM (41%), sleep apnoea (40%), hypertension (22%), dyslipidaemia
(19%) and asthma (18%)[199]. Weight loss interventions improve cardiovascular risk factors
for at least for 2 years[200]. In patients with type 2 DM, weight loss/stability revealed a positive
association with savings in annual medical costs of $2200 while weight gain results in an
increased cost of $3400 per year[201], suggesting beneficial effects on healthcare

spending[202].

3.9. Polypharmacy and drug reactions

There is a high prevalence of using cardiovascular, musculoskeletal and antidiabetic
drugs among obese patients[203,204]. Some of the commonly used glucose-lowering drugs,
such as insulin and the sulfonylurea drugs, can contribute to weight gain/regain, which further
complicates weight loss management[205]. Polypharmacy (taking >5 medications a day) with
complex treatment regimens can lead to drug—drug interactions, medication nonadherence and
undesirable health outcomes[206]. Naltrexone/bupropion should be avoided in patients who are

taking antidepressants or anticonvulsants[207].
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4. Conclusion

Despite the accumulating evidence for the connection between the twindemic (obesity
and OA) in the adult population worldwide, imposing a massive health care burden, clinical
trials investigating the effects of weight-loss medications on OA are still sparse. The majority
of clinical trials focus on the outcomes of interventions that target populations with CVVD and
DM. In addition, the mechanism(s) by which weight loss can render symptomatic or structural
benefits in OA should be explored to identify relevant metabolic and obesity related OA
phenotypes. Since obese OA patients may have larger barriers to overzealous physical activities
due to pain in the weight-bearing joints compared with normal obese populations, it would be
insightful to examine the presence of any differential effects and the role of weight cycling in

these populations.

Highlights box

1) Labelling obesity as “modifiable” risk factor for OA is too simplistic as obesity itself is a

chronic, relapsing disease with sustained long-term weight loss being extremely challenging.

2) Every 5-unit increase in BMI can lead to a 35% increased risk of knee OA while weight loss

of 5.1 kg over the 10 years decreased the odds for developing knee OA by 54%.

3) Anti-obesity medications are indicated if BMI is 30 or higher, or if it is at least 27 with one

obesity-related comorbidity if lifestyle interventions fail

4) Among the pharmacological treatment, orlistat produces the lowest weight loss while

Semaglutide results in the greatest weight loss

5) Anti-obesity medications are still underused with only 2.4% being prescribed with anti-

obesity pharmacotherapy in 2019
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6) Despite the enormous disease burden and established pathogenic link, clinical trials of

weight-loss medications in OA are still sparse.
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Figures

Figure 1. Central and peripheral mechanisms of anti-obesity drugs.

AGRP, agouti-related peptide; ARC, arcuate nucleus; CART, cocaine- and amphetamine-
regulated transcript; DAT, dopamine active transporter; D1R, dopamine 1-class receptor; D2R,
dopamine 2-class receptor; GABA, gamma-aminobutyric acid; GABAAR, y-aminobutyric acid
type A receptor; GLP-1R, glucagon-like peptide-1 receptor; MC3R, melanocortin-3 receptor;
MC4R, melanocortin-4 receptor; MOPR, p-opioid receptor; NAc, nucleus accumbens; NPY,
neuropeptide Y; POMC, proopiomelanocortin; VTA, ventral tegmental area; YI1R,

neuropeptide Y receptor type 1 (Ref 72)

Figure 2. The efficacy of currently approved anti-obesity drugs in weight loss.

BMOD, behaviour modification; CONQUER, Controlled-Release Phentermine plus
Topiramate Combination in Overweight and Obese Adults; COR, Contrave Obesity Research;
D, Diabetes; EQUATE, evaluation of phentermine and topiramate versus
phentermine/topiramate extended-release in obese adults; EQUIP, controlled-release
phentermine/topiramate in severely obese adults: a randomized controlled trial; LIGHT, long-
term intervention with group-wise dietary consulting supported by meal replacements maintain
weight loss in patients with concomitant obesity and knee osteoarthritis; O, obesity; SCALE,
Satiety and Clinical Adiposity—Liraglutide Evidence in Nondiabetic and Diabetic Individuals;
SEQUEL, 2-year Sustained Weight Loss and Metabolic Benefits with Controlled-release
Phentermine/Topiramate in Obese and Overweight Adults; STEP, Semaglutide Treatment
Effect for People with obesity; XENDQS, Xenical in the Prevention of Diabetes in Obese
Subjects.

Figure 3. The efficacy of life-style modifications, pharmacological and surgical

interventions in weight loss extracted from meta-analyses

Footnote: As a note, the placebo-subtracted weight loss obtained from the RCTs of
pharmacological agents should be viewed in the background that the diet and exercises were
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1243  used in the placebo arm as the comparator. For the non-pharmacological RCTs, the placebo
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Table 1. Mechanisms, dosage, adverse reactions, and contraindications of FDA-approved long-term anti-obesity medications.

mg

once per week, escalate the dose
every 4 weeks for 16 weeks, until
the full maintenance dose of 2.4 mg
is reached

constipation, abdominal pain,
headache, dyspepsia,
dizziness, abdominal
distention, eructation,
hypoglycaemia in patients with
type 2 diabetes

Generic name Year Mechanisms of action Dosage Common adverse reactions Contraindication
approved
Orlistat 1999 Gastrointestinal and 60 or 120 mg TID during or within | Oily stools, oily spotting, Pregnancy, chronic
pancreatic lipase inhibitor; | 1 hour of a fat-containing meal faecal urgency, faecal malabsorption
decrease lipid absorption incontinence, hyperdefecation, | syndrome, cholestasis
flatus with discharge, and oxalate
deficiency in vitamins A, D, E, | nephrolithiasis
and K
Phentermine/ 2012 Sympathomimetic and 3.75/23 mg QD for 14 days and Paraesthesia, dizziness, Pregnancy, uncontrolled HTN,
topiramate carbonic anhydrase then 7.5/46 mg QD; If <3% weight | dysgeusia, insomnia, CVD, CKD, Glaucoma,
extended-release inhibitor loss is achieved at 12 weeks, constipation, dry mouth hyperthyroidism,
increase to 11.25/69 mg QD for 14 concurrent use with
days, followed by 15/92 mg QD; monoamine oxidase
discontinue gradually if <5% inhibitors within 14 days
weight loss is achieved at 12 weeks
with the highest dose
Naltrexone/ 2014 Opioid receptor 8/90 mg for 7 days; BID for 7 days; | Nausea, constipation, Pregnancy, uncontrolled
bupropion antagonist/dopamine 2 tablets in the morning and 1 tablet | headache, vomiting, dizziness, | hypertension, seizures,
sustained-release agonist and NE reuptake in the evening for 7 days; and 2 insomnia, dry mouth, diarrhea | eating disorders, chronic
inhibitor; increase satiety, | tablets BID thereafter opioid use, concurrent
suppress appetite use with monoamine
oxidase inhibitors within
14 days
Liraglutide 3.0 mg | 2014 Glucagon-like peptide-1 0.6 mg subcutaneous injection QD, | Nausea, diarrhea, constipation, | Pregnancy, personal or family
agonist; slow gastric increase by 0.6 mg weekly to a vomiting, dyspepsia history of medullary thyroid
emptying, increase satiety, | daily target dose of 3 mg carcinoma or type 2 MEN
decreases food reward
Semaglutide 2.4 2021 Same as liraglutide 0.25 mg subcutaneous injection Nausea, diarrhea, vomiting, Same as liraglutide
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