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A B S T R A C T

Objective: To examine the effects of a 6-month weight loss intervention on physical function, inflammatory
biomarkers, and metabolic biomarkers in both those with and without osteoarthritis (OA).
Design: 59 individuals �60 years old with obesity and a functional impairment were enrolled into this IRB
approved clinical trial and randomized into one of two 6-month weight loss arms: a higher protein hypocaloric
diet or a standard protein hypocaloric diet. All participants were prescribed individualized 500-kcal daily-deficit
diets, with a goal of 10% weight loss. Additionally, participants participated in three, low-intensity, exercise
sessions per week. Physical function, serum biomarkers and body composition data were assessed at the baseline
and 6-month timepoints. Statistical analyses assessed the relationships between biomarkers, physical function,
body composition, and OA status as a result of the intervention.
Results: No group effects of dietary interventionwere detected on any outcomemeasures (multiple p> 0.05). During
the 6-month trial, participants lost 6.2� 4.0% of their bodyweight (p< 0.0001) and experienced improved physical
function on the Short-Performance-Physical-Battery (p < 0.0001), 8-foot-up-and-go (p < 0.0001), and time to
complete 10-chair-stands (p < 0.0001). Adiponectin concentrations (p ¼ 0.0480) were elevated, and cartilage
oligomeric matrix protein (COMP) concentrations (p < 0.0001) were reduced; further analysis revealed that re-
ductions in serum COMP concentrations were greater in OA-negative individuals.
Conclusions: These results suggest that weight loss in older adults with and without OA may provide a protective
effect to cartilage and OA. In particular, OA-negative individuals may be able to mitigate changes associated with
OA through weight loss.
1. Introduction

Obesity is a complex disease that impacts more than 40% of adults
aged 60 and older [1]. Furthermore, obesity is a strong risk factor for the
development and progression of osteoarthritis (OA) [2]. Since obesity is
modifiable, its role in the etiology of OA is increasingly becoming a key
focus of OA-related research [3–8]. Specifically, obesity modulates both
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joint mechanics and inflammatory pathways, resulting in deleterious
changes to cartilage that may lead to the development of OA [5–8].

From a mechanical perspective, obesity-related OA development may
be due, in part, to aberrant joint loading [3,5,9,10]. Excessive loading
may cause tissue damage or lead to upregulation of inflammatory factors
that negatively impact cartilage health. Recent in vivo studies have shown
altered cartilage mechanics and composition in individuals with obesity,
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suggesting that functional changes occur prior to clinically evident OA
[11–14]. Studies relating mechanical loading to changes in cartilage
metabolism have observed that cartilage oligomeric matrix protein
(COMP) plays a key regulatory role in the remodeling of the cartilage
extracellular matrix (ECM) [15]. COMP is involved in both collagen fibril
formation and structural maintenance of the cartilage ECM [16–19]; as
such, its concentration in serum and synovial fluid has been hypothesized
to be a useful diagnostic and prognostic indicator of OA [20–23].

Moreover, obesity exhibits systemic proinflammatory effects [5–8,
24] and evidence increasingly supports the notion that inflammatory
pathways may be a key factor related to OA development and progression
[5–8,25]. For example, recent studies suggested that the upregulation of
inflammatory biomarkers such as adiponectin, C-reactive protein (CRP),
interleukin 6 (IL-6), and tumor necrosis factor alpha (TNF-α) may have
adverse effects on cartilage health [5–8,24–29].

Physical function is another important factor to consider when exam-
ining obesity-related OA development [30]. Individuals with obesity [31]
or OA [4,32–34] tend to be more sedentary than those without obesity or
OA. Excess adiposity in older adults is associated with impaired physical
function, loss of independence, and decreased quality of life [4,31,34–37].
Combined, obesity and OA have the capacity to enact a vicious cycle
characterized by increasing weight gain, disability, and concomitant re-
ductions in physical function, independence, and quality of life [4,31].

Given this important etiological role of obesity, weight reduction
induced via diet and exercise has been explored as a potential means for
ameliorating the onset, progression, and symptoms of OA [4,9,32,33,38,
39]. Weight loss has previously been shown to diminish circulating in-
flammatory biomarkers and improve the symptoms of OA [4,32,33].
However, to date, little data exists examining the effects of weight loss on
measures of physical function and OA-related serum biomarkers in in-
dividuals with and without OA.

As such, the goal of this study was to examine the effects of a 6-month
weight loss intervention on physical function, inflammatory biomarkers,
and metabolic biomarkers in both those with and without OA. Specif-
ically, we performed a secondary analysis of data from a 6-month ran-
domized clinical trial (NCT02437643) designed to investigate the effects
of a higher protein hypocaloric diet compared to a standard protein
hypocaloric diet on weight loss in older adults with obesity [36]. We
hypothesized that both physical function and OA-related serum
biomarker levels would be improved by weight loss in both those with
and without clinical OA.
Fig. 1. Schematic of study design. Baseline assessments were collected following co
arm and received individually tailored dietary plans that aimed to cut 500 kcal/d
intensity exercise. At the 6-month endpoint, outcome measures were collected. For
measures. Thus, subjects were pooled by dietary arm and stratified according to OA
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2. Methods

2.1. Study Design

Free-living older adults were recruited in Durham, North Carolina
and surrounding areas using flyers, health fair presentations, and other
community outreach as part of an institutional review board (IRB)
approved randomized clinical trial (NCT02437643). Methods for this
parent trial have been previously published [36]. Briefly, older (�60
years of age) men and women with obesity (body mass index (BMI)
�30 kg/m2) and functional impairment (score of 4–10; Short Physical
Performance Battery (SPPB)) [40] were enrolled and randomized into
one of two weight loss intervention arms using block randomization.
Both groups received a weight-reduction treatment (diet plus exercise)
with a goal of attaining 10% weight loss over 6-months. The two
dietary intervention groups were: a standard protein hypocaloric diet
or a higher protein hypocaloric diet (Fig. 1). The OA status of par-
ticipants was ascertained at baseline, based on a medical history of
clinical OA diagnosis. All of the participants who were enrolled in the
parent trial [36] and had provided blood samples were included in
this analysis. Preliminary statistical analyses did not show a
group-effect of dietary intervention (standard versus higher protein)
on outcome measures in this study (approach detailed in statistical
analyses section ‘Impact of Dietary Arm on Outcome Measures’). Thus,
for the present analyses, participants were divided into two groups by
clinical OA diagnosis (OA-positive or OA-negative). Of the 59 in-
dividuals in the study, n ¼ 39 had clinical OA (OA-positive), while n
¼ 20 had no medical history of clinical OA diagnosis (OA-negative).
Descriptive characteristics of the participants in these groups can be
seen in Table 1.

Inclusion criteria stipulated that participants must be willing to
participate in weekly group meetings and to consume dairy products.
Participants were excluded if they had significant renal impairment
(estimated glomerular filtration rates [eGFR] <45 mL/min/1.73 m2)
[36], dementia, neurological conditions causing functional limitations,
unstable or terminal medical conditions (e.g. active cancer), were tak-
ing prescription weight loss medications or monoamine oxidase in-
hibitors, or participation was contraindicated by their primary care
provider. Participants with an eGFR of 45–59 mL/min/1.73 m2 were
enrolled but an eGFR was repeated every 2 months to monitor kidney
function.
nsent and enrollment into the study. Participants were randomized into a dietary
ay. Participants received weekly nutrition counseling and participated in low
data analysis, initial tests did not detect effects of the dietary arm on outcome
status.



Table 1
Descriptive characteristics of participants.

OA (�) OA (þ) Combined

Age (y) 72.15 � 5.3 69.13 � 6.1 70.15 � 6.0
Body mass (kg) 100.51 � 17.1 95.11 � 14.6 96.97 � 15.6
BMI (kg/m2) 35.33 � 4.8 34.16 � 4.6 34.56 � 4.7
Gender
Female (%) 14 (70.0%) 30 (76.9%) 44 (74.6%)
Male (%) 6 (30.0%) 9 (23.1%) 15 (25.4%)

Race
Black (%) 8 (40.0%) 19 (48.8%) 27 (45.8%)
White (%) 12 (60.0%) 20 (51.3%) 32 (54.2%)

Education
� High school (%) 3 (15.0%) 2 (5.1%) 5 (8.5%)
> High school (%) 17 (85.0%) 37 (94.9%) 54 (91.5%)

Notes: BMI ¼ Body mass index.
OA (�) n ¼ 20, OA (þ) n ¼ 39.
Data reported as mean � SD or total number (%).

J.A. Coppock et al. Osteoarthritis and Cartilage Open 5 (2023) 100376
2.2. Diets

Following enrollment, participants were block randomized into either
a higher protein hypocaloric diet or a standard protein hypocaloric diet
(Fig. 1). Both study groups received a supervised treatment program
(hypo-caloric diet plus exercise). The weight loss interventions were
delivered by Registered Dietitian Nutritionists (RDNs), who provided
individualized kcal prescriptions and meal plans, led weekly group
meetings for counseling and peer support, reviewed weekly food logs,
and supervised weekly weigh-ins.

A detailed description of the parent study methodology has been
published previously [36]. Briefly, participants in both study arms were
prescribed a 500-kcal deficit diet with a macronutrient distribution of
30% protein, 30% fat, and 40% carbohydrate for the higher protein
hypocaloric diet group and 15% protein, 30% fat, and 55% carbohydrate
for the standard protein hypocaloric diet group. Participants in the higher
protein group were supplied with >420 g of protein per week from
low-fat dairy foods (e.g. cottage cheese, cheese sticks, Quest Whey Pro-
teinTM powder (Quest Nutrition, El Segundo, CA), Fairlife® milk (Fair-
life®, Chicago, IL), and Greek yogurt and were counseled to consume
other high-quality proteins as well (e.g. lean meats, eggs, and seafood).
Both groups were provided a low dose multivitamin (Teen Multivitamin
for Boys 12–17, GNC, Pittsburgh, PA) to ensure nutritional adequacy.
Additionally, calcium and vitamin D were provided to equalize intake
between groups: 400mg calcium and 500 IU vitamin D (Citracal®, Bayer,
Leverkusen, Germany) daily for the standard protein hypocaloric diet
group and 200 mg calcium, 250 IU vitamin D daily for the higher protein
hypocaloric diet group. All other dietary supplements were prohibited.
Adherence to the intervention wasmonitored throughweekly attendance
at group meetings and weigh-ins.
2.3. Exercise

All participants completed three, 30-min low-intensity exercise
sessions per week during the 6-month intervention, two supervised and
one on their own. The in-person sessions utilized resistance bands and
balls to conduct movements to improve strength, flexibility, and balance.
A certified fitness instructor delivered the two supervised exercise ses-
sions, while written instructions and a DVD recording of guided exercises
was provided for the third session.
2.4. Body Composition

At the baseline and endpoint (6-month) (Fig. 1), measures of body
composition (e.g. total lean and total fat mass) were measured using
Dual Energy X-ray Absorptiometry (DEXA; Hologic 4500, Marlborough,
MA).
3

2.5. Biomarkers

Participants were instructed to refrain from beverages (except for
water), food, and exercise for 12 h prior to themorning of data collection.
At baseline and 6-month visits (Fig. 1), blood was drawn into 8.5 mL SST
tubes and spun at 3000 rpm. Serum was aliquoted and stored at �80 �C
until biomarker analyses were performed. The following biomarkers
were assessed by ELISA: adiponectin (R&D Systems, Minneapolis, MN),
cartilage oligomeric matrix protein (COMP, Abcam, Boston, MA), C-
reactive protein (CRP, Abcam), interleukin-6 (IL-6, R&D Systems), and
tumor necrosis factor alpha (TNF-α, Abcam). Assays were performed
following the manufacturer's instructions.

2.6. Physical Function Measurements

Primary assessments of physical function were conducted during the
baseline and 6-month visits using the SPPB score [41] (Fig. 1). The SPPB
test consists of three component domains (balance, strength, and gait
speed) yielding a total score ranging from 0 (poor) to 12 (high). Addi-
tional measures of physical function collected during the baseline and
6-month visits included the 6-Minute Walk Test, 8-Foot Up and Go, time
to complete 10 chair stands and hand-grip strength (Sammons Preston,
Bolingbrook, IL) [36].

2.7. Statistical Analyses

2.7.1. Exploratory Data Analysis
All methods discussed herein were conducted using intent-to-treat

analyses. Exploratory analyses revealed that serum biomarker levels
were not normally distributed (Shapiro-Wilk tests). Thus, biomarker data
were natural log transformed prior to further statistical analysis.

2.7.2. Pre-Post Changes
T-tests were utilized to evaluate group changes in outcome measures

as a result of the dietary intervention, without consideration for dietary
arm. Changes in body composition and physical function were modeled
as normalized difference scores. Changes in serum biomarker concen-
trations ð½Bn�Þ from the baseline to 6-month timepoints were modeled as
logged differences, where ΔLnð½Bn�Þ ¼ Lnð½B6mo�Þ� Lnð½Bbaseline�Þ.

2.7.3. Impact of Dietary Arm on Outcome Measures
The effect of dietary arm (i.e. higher protein hypocaloric diet versus

standard protein hypocaloric diet) on outcome measures over the course
of the weight loss intervention was evaluated using ordinary least squares
regression (OLS). Change scores for all outcome measures were calcu-
lated as described above. Dietary arm was coded as a binary, categorical
factor. Notably, no effect of dietary arm was detected in any of the
aforementioned analyses. Thus, data from participants in the two dietary
arms were pooled and subsequently stratified as a function of their
clinical OA status prior to statistical analysis.

2.7.4. Impact of OA on Outcome Measures
Accordingly, OLS analyses were then constructed to evaluate the ef-

fect of clinical OA status on the change in outcome measures (i.e. body
composition, physical function, serum biomarker concentrations). OLS
models included clinical OA status, sex, age, and percent change in BMI
as covariates. All models were developed in R (version 4.1.2; R Core
Team, 2021) using the STATS packages. Statistical significance was set
a-priori at α ¼ 0:05.

3. Results

3.1. Pre-Post Changes

As a whole, participants lost 6 � 4% of their body weight (p <

0.0001), decreased fat mass (p < 0.0001), fat mass percentage (p <



Table 2
Baseline and 6-month outcome measures stratified by clinical OA status.

Outcome Baseline 6-Mo P-value

OA (�) OA (þ) Combined OA (�) OA (þ) Combined

Body Composition
BMI (kg/m2) 35.3 � 4.8 34.2 � 4.6 34.6 ± 4.7 33.0 � 4.4 31.7 � 4.5 32.1 � 4.4 P < 0.0001y

Body Mass (% change) – – - �5.8 � 4.1 �6.3 � 4.0 ¡6.2 ± 4.0 P < 0.0001y

Lean Body Mass (%) 56.0 � 6.0 56.3 � 5.4 56.2 ± 5.6 58.8 � 6.0 59.7 � 6.0 59.4 ± 6.0 P < 0.0001y

Fat Mass (%) 44.0 � 6.0 43.6 � 5.7 43.8 � 5.7 41.2 � 6.0 40.4 � 5.9 40.7 � 5.9y P < 0.0001y

Lean Body Mass (kg) 54.2 � 10.4 53.6 � 10.0 53.8 � 10.0 54.2 � 10.6 52.9 � 9.4 53.3 � 9.8 P ¼ 0.224
Fat Mass (kg) 43.6 � 9.2 41.2 � 9.7 42.0 ± 8.9 37.8 � 7.6 36.0 � 8.8 36.6 ± 8.4 P < 0.0001y

Biomarkers
Adiponectin Ln(ng/mL) 9.5 � 0.7 9.7 � 0.8 9.6 ± 0.8 9.6 � 0.7 9.7 � 0.8 9.7 ± 0.7 P ¼ 0.0480y

COMP Ln(ng/mL) 14.7 � 0.5 14.5 � 0.4 14.7 ± 0.4 14.4 � 0.4 14.4 � 0.4 14.4 ± 0.4 P < 0.0001y,‡

CRP Ln(ng/mL) 10.6 � 0.6 10.4 � 0.5 10.5 � 0.6 10.7 � 0.7 10.3 � 0.6 10.5 � 0.5 P ¼ 0.710
IL-6 Ln(pg/mL) 2.0 � 0.5 1.9 � 0.7 1.9 � 0.6 1.9 � 0.5 1.8 � 0.9 1.9 � 0.8 P ¼ 0.414
TNF-α Ln(pg/mL) 1.5 � 0.7 1.2 � 1.0 1.3 � 0.9 1.4 � 0.7 1.2 � 0.8 1.3 � 0.8 P ¼ 0.752

Physical Function
SPPB (score) 9.4 � 1.2 9.1 � 1.3 9.2 ± 1.3 11.3 � 1.1 11.1 � 1.5 11.1 ± 1.4 P < 0.0001y

6-Minute walk (m) 474.4 � 124.0 499.3 � 86.7 485.4 � 101.4 553.4 � 77.3 524.3 � 79.7 520.6 � 99.9 P ¼ 0.091
8-Foot up and go (sec) 7.6 � 1.6 7.7 � 2.0 7.6 ± 2.9 6.2 � 0.9 7.1 � 1.6 6.8 ± 1.4 P < 0.0001y

10-Chair Stands (sec) 24.2 � 7.7 25.5 � 6.1 25.1 ± 6.6 19.3 � 4.0 22.2 � 6.4 21.2 ± 5.8 P < 0.0001y

Left Hand Strength (kg) 24.8 � 8.3 23.7 � 8.6 24.1 � 8.4 25.3 � 6.8 22.8 � 9.0 23.7 � 8.2 P ¼ 0.830
Right Hand Strength (kg) 25.9 � 7.3 25.0 � 8.9 25.4 � 8.3 26.5 � 7.3 24.5 � 10.1 25.3 � 9.1 P ¼ 0.910

Notes: Since analysis of dietary arm (i.e., standard protein vs higher protein) did not detect any effect of dietary arm on the outcome measures, subjects were stratified
only by clinical OA status.
y p < 0.05 for group change from baseline to 6-Mo (See: ‘Pre-Post Changes’).
z p < 0.05 for between OA group change from baseline to 6-Mo (See: ‘Impact of OA on Outcome Measures’).
OA (�) n ¼ 20, OA (þ) n ¼ 39.
Data reported as mean � SD or total number (%). Bolding highlights the differences in grouped values which were found to be different between the baseline and 6-
Month timepoints.
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0.0001), and BMI (p < 0.0001) (Table 2). In addition, participants
increased lean body mass percentage from baseline to 6-months (p <

0.0001). Analysis of biomarker concentrations from the baseline to 6-
month timepoints revealed that participants had higher levels of serum
adiponectin (p ¼ 0.0481) and lower serum COMP concentrations at the
6-month timepoint (p< 0.0001) (Fig. 2). We did not detect differences in
CRP, IL-6, or TNF-α concentrations between the baseline and 6-month
timepoints (Table 2).

Improvements in physical function were also observed from the
baseline to 6-month timepoints. Participants had increased SPPB scores
(p < 0.0001) and reduced times to complete the 8-foot up and go (p <

0.0001) and time to complete 10 chair stand tasks (p< 0.0001) (Table 2).
No difference in left- or right-hand strength or 6-min walk distances were
observed from the baseline to 6-month measurements.
Fig. 2. Change in biomarker concentration from baseline to 6-month timepo
6-month timepoints, whereas COMP decreased. T-tests were utilized to evaluate c
*p < 0.05.
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3.2. Impact of OA on Outcome Measures

Finally, OLS regression analyses revealed that the OA-negative group
had a greater reduction in COMP concentrations, compared to the
OA-positive group, when adjusting for sex and percent change in BMI.
(βCOMP;OAð�Þ ¼ �0:229; p ¼ 0.026, Fig. 3). No appreciable effect of
clinical OA status was detected amongst the other outcome measures
tested.

4. Discussion

The results of this study reveal that, in older adults with obesity, a
weight loss intervention using diet and exercise may improve overall
physical function and modulate catabolic pathways associated with
int. Serum concentrations of adiponectin were increased from the baseline to
hanges in biomarker concentrations from the baseline to 6-month timepoints.



Fig. 3. Logged change in serum biomarker concentration versus OA status.
OLS regression revealed that OA-negative individuals experienced a greater
reduction in COMP concentrations than OA-positive individuals. *p < 0.05.
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cartilage degeneration in both those with and without clinical OA. Spe-
cifically, improvements in physical function measures (SPPB, time to
complete 10 chair stands, 8 foot up-and-go) and metabolic biomarkers
(adiponectin, COMP) were observed in both those with and without
clinical OA. Interestingly, reductions in serum COMP concentrations
were observed in both those with and without clinical OA, but were more
pronounced in individuals who were OA-negative. Thus, the results of
this study suggest that weight loss may be able to mitigate degenerative
changes associated with OA in both those with and without clinical OA.

The findings that both those with and without clinical OA experience
improvements in inflammatory and metabolic biomarkers is important
because recent work has suggested that obesity potentiates the devel-
opment of degenerative changes associated with OA. For example, mu-
rine models of obesity suggest that increased adiposity is associated with
alterations in cartilage structure and function, without apparent devel-
opment of OA by histological OARSI grading [42]. These findings have
been echoed in human-subjects research, whereby cartilage mechanical
function and composition have been measured in vivo using magnetic
resonance imaging. Specifically, individuals with higher BMIs have
thinner tibial cartilage [11], which experiences greater diurnal de-
formations [12,13] and greater deformations in response to walking [11,
43] as compared to individuals with a BMI in the normal range. These
changes in cartilage function were related to altered cartilage composi-
tion, assessed via T1rho relaxation imaging. Namely, T1rho relaxation
times in the knee cartilage of individuals with high BMIs were elevated,
which may be indicative of degeneration [43,44]. Together, these find-
ings suggest that obesity may exert antagonistic effects on joint meta-
bolism that enact changes associated with the development of OA [5,8].

Serum concentrations of adiponectin increased from the baseline to
6-month timepoints, with no group differences as a function of OA status.
Increased adiponectin in the context of obesity reduction has typically
been seen as a positive response to weight loss [24]. Adiponectin is an
adipokine, whose function has been linked to both metabolic and in-
flammatory processes [24]. With respect to obesity-related OA, however,
adiponectin has been reported to exert both anabolic and catabolic effects
on cartilage, leading to uncertainty as to whether serum concentrations of
adiponectin reflect cartilage health [8,24,45,46]. For example, adipo-
nectin can down-regulate pro-inflammatory biomarkers [24] and has been
inversely associated with obesity [24,39]. Additionally, adiponectin may
inhibit extracellular matrix degradation in cartilage [8]. Thus, though
adiponectin mediates both metabolic and inflammatory processes, the
increased serum concentrations of adiponectin observed in this study may
be due to diminished adiposity due to weight loss in these individuals.

IL-6, TNF-α, and CRP are inflammatory cytokines that have been
linked to the development and progression of OA [6,8]. The serum
5

concentrations of these biomarkers have also been positively linked to
obesity [6,8]. Despite the observation that most individuals experienced
improved physical function and weight loss, we did not detect changes in
serum concentrations of IL-6, TNF-α, or CRP following the weight loss
intervention. Notably, studies involving comparable weight loss targets
and sample demographics (i.e. older individuals with obesity and phys-
ical impairment) have observed mixed results regarding the modulation
of inflammatory biomarkers through mild weight loss [4,31–33,47–49].
On the other hand, studies that achieved more aggressive weight loss
benchmarks (e.g. � 10% weight loss) have observed more consistent
improvement in inflammatory biomarkers profiles, pain, andmeasures of
physical function [32,47,48], with some studies demonstrating a
dose-dependent response of weight loss on such improvements [33,48,
50]. Thus, it is possible that the average weight loss (6 � 4%) in the
present study was not sufficient to induce appreciable reductions in these
select inflammatory biomarkers.

COMP plays an important role in regulating the structural integrity of
the cartilage extracellular matrix [19] and its presence in serum is
indicative of cartilage breakdown [18]. Indeed, prior research has shown
that serum COMP may be useful for diagnostic, prognostic, and thera-
peutic effect monitoring of OA [16,18,20]. Previous work has revealed
that COMP levels are positively associated with radiographic OA severity
and obesity [18,51] and thus COMP has gained increasing support as an
indicator of OA severity and progression [18]. Furthermore, serum
COMP concentrations are increased following acute bouts of cyclic me-
chanical loading [15,21,52]. Thus, provided that weight loss between
OA-negative and OA-positive groups was comparable (p > 0.05), the
observation that serum COMP concentrations were reduced to a greater
extent in OA-negative individuals may suggest that these individuals
were able to reduce cartilage breakdown to a greater extent than
OA-positive individuals.

Diminishing physical function in older adults is associated with OA
and obesity [4,31–34]. Therefore, periodic assessment of physical func-
tion in individuals afflicted with OA and obesity may be a useful prog-
nostic indicator of disease severity, progression, and overall quality of life
[30,31,33,34]. In the present study, no differences in physical function
measures were observed at baseline between the two OA groups. This
may be due, in part, to the enrollment requirement of mild to moderate
functional impairment (SPPB), however, it may also be attributable to the
reduced physical function generally observed in older adults [4,30,31,
53]. Encouragingly, most participants in this clinical trial experienced
marked improvements in their physical function despite the fact that, due
to their functional status, the prescribed exercise treatment fell below
that of the physical activity recommendations for older adults [54].
Nevertheless, in other studies, diet and exercise combined were more
effective at improving physical function than diet or exercise alone [33,
48,51]. This may suggest that improvements in physical function
observed in this study are more likely due to the effects of weight loss
than through exercise-specific interventions [47,48]. While hand grip
strength is an indicator of functionality in older adults [55] and corre-
lates to weight in healthy individuals [53], we saw no statistically
meaningful change among the participants over the course of the inter-
vention. Of note, there are inconsistent results in the literature over the
use of hand grip strength in the elderly as a predictor of physical function
[56,57]. However, all other physical function measurements for this
study were improved throughout the course of this intervention.

This study includes a few limitations. One limitation of the study is
the variability in weight loss achieved by participants, with change in
percent body weight ranging from a gain of 2% to a loss of 16% body
weight. However, the mean weight loss was 6%, which is commonly
associated with clinically important improvements in weight-related
complications, including hypertension, type II diabetes, and dyslipide-
mia [58,59]. An additional limitation is that OA status of participants was
ascertained based on medical history. Hence, we were not able to relate
the outcome measures in the current study to clinical imaging markers.
Thus, because participants did not receive imaging in this study, it is
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possible that individuals considered to be clinically OA-negative may
actually have radiographic OA. Nevertheless, the observation that COMP
concentrations were reduced to a greater extent in this group of
OA-negative individuals underscores the importance of this finding and
highlights that individuals are able to improve markers of cartilage
health through modest weight loss.

In light of recent findings that obesity alters cartilage mechanical
function and composition [14,15], the results of this study suggest that
cartilage health may be improved through weight loss. Specifically, the
serum COMP reductions observed in both those with and without OA
provide encouraging evidence that weight loss may be beneficial for
cartilage health in adults with obesity. Future studies should explore how
weight loss may relate to cartilage composition and mechanical function.

5. Conclusion

The results of the present study suggest that weight loss may be
beneficial to cartilage health in both those with and without clinical OA
diagnosis. These findings demonstrate the beneficial effects of weight
loss on cartilage health and physical function regardless of clinical OA
status, but with the potential for greater benefits to cartilage health in
those without diagnosed OA. Future work investigating the relationship
between weight loss and cartilage function may help inform how weight
loss may improve OA prognosis and cartilage health.
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