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Objective: To investigate whether and how a sedentary lifestyle contributes to knee osteoarthritis (OA)
incidence and severity.
Design: An experiment was conducted using Hartley guinea pigs, an established idiopathic knee OA
model. To simulate a sedentary lifestyle, growing animals (n = 18) were housed for 22 weeks in small
cages that restricted their mobility, while another group of animals (n = 17) received daily treadmill
exercise to simulate moderate physical activity. After the experiment, histological assessments,
biochemical assays, and mechanical testing were conducted to compare tibial articular cartilage struc-
ture, strength, and degree of OA degeneration between sedentary and physically active animals. Groups
were also compared based on body weight and composition, as well as gut microbial community
composition assessed using fecal 16S rRNA gene sequencing.
Results: Prevalence of knee OA was similar between sedentary and physically active animals, but severity
of the disease (cartilage lesion depth) was substantially greater in the sedentary group (P = 0.02). In
addition, during the experiment, sedentary animals developed cartilage with lower aggrecan quantity
(P =0.03) and accumulated more body weight (P = 0.005) and visceral adiposity (P = 0.007). Groups did
not differ greatly, however, in terms of cartilage thickness, collagen quantity, or stiffness, nor in terms of
muscle weight, subcutaneous adiposity, or gut microbial community composition.
Conclusions: Our findings indicate that a sedentary lifestyle promotes the development of knee OA,
particularly by enhancing disease severity rather than risk of onset, and this potentially occurs through
multiple pathways including by engendering growth of functionally deficient joint tissues and the
accumulation of excess body weight and adiposity.

© 2019 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.

Introduction

Knee osteoarthritis (OA) is a painful and disabling degenerative
disease whose prevalence has increased in recent decades,

especially in developed nations'. Although factors such as age, sex,
and genes are known to influence knee OA susceptibility, evidence
suggests that rising knee OA levels are in large part attributable to
environmental exposures that were once rare but now increasingly
common?®. Among the environmental shifts hypothesized to be
most detrimental are recent major declines in physical activity."?
The importance of physical activity for attaining and maintain-
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ing optimal knee tissue structure and strength is well documented,
particularly by experiments with animal models®. For example,
prolonged periods of limb immobilization have been shown to lead
to thinner articular cartilage with lower aggrecan content, as well
as diminished cartilage stiffness* . In contrast, daily exercise has
been demonstrated to augment development of knee cartilage ar-
chitecture and mechanical properties’'°. Moreover, transarticular
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muscles, which stabilize and protect joints, are generally
strengthened by physical activity but reduced in size under con-
ditions of disuse'’. Thus, one way declining physical activity levels
might be contributing to the rising prevalence of knee OA is by
engendering weaker and more unstable joints that are less resis-
tant to OA degeneration.

Another way that physical inactivity may be increasing knee OA
prevalence is by promoting the accumulation of excess body weight
and adipose tissue. Routine physical activity is critical for main-
taining energy balance and normal metabolism, whereas a persis-
tent surplus of energy from chronic physical inactivity can lead to
obesity, a well-known risk factor for knee OA'>!3. The exact
mechanisms by which obesity affects knee OA degeneration are not
fully understood but likely include interactions between adiposity-
induced metaflammation and joint overloading®'“. The importance
of avoiding obesity for inhibiting knee OA is highlighted by animal
experiments showing that control of caloric intake can limit the
deposition of adipose tissue and thereby attenuate knee OA
degeneration''5, Presumably, physical activity could have a similar
effect as dietary regulation in curbing adiposity and hence knee OA.

A further intriguing but more conjectural possibility is that
rising knee OA levels are partly due to the effects of physical
inactivity on the gut microbiome. Evidence indicates that gut mi-
crobial composition plays a critical role in host innate immune
responses and is sensitive to environmental exposures'’, including
physical activity'®. Moreover, animal experiments have shown that
deviations from gut microbial homeostasis due to environmental
stimuli can trigger host metaflammation and thereby increase risk
of knee OA and other diseases whose pathogenesis involves an
inflammatory component'?2. It is thus conceivable that gut dys-
biosis could be an important mediator between physical inactivity
and knee OA degeneration®’.

Notwithstanding multiple reasons to hypothesize that declining
physical activity levels could play a part in the rising prevalence of
knee OA, there have been few prospective investigations of whether
and how habitually low levels of physical activity contribute to knee
OA incidence or severity. We therefore conducted an experiment to
test potential links between physical inactivity and knee OA using
guinea pigs as a model system. Guinea pigs are a clinically relevant
model because—like the majority of human knee OA patients—they
develop knee OA idiopathically, which makes them suitable for
prophylactic testing of potential inhibitors of knee OA degeneration
such as physical activity>’. Moreover, previous studies have estab-
lished that knee OA in guinea pigs is histopathologically comparable
to that of humans®>%4, and incidence and severity of the disease in
the two species often depend on similar environmental factors such
as obesity'® and abnormal joint loading?”. In our experiment, to
simulate a physically inactive lifestyle (which has been referred to as
“sedentary” to distinguish it from immobilization’®), growing ani-
mals were housed for 22 weeks in small cages that restricted (but did
not eliminate) their mobility, while another group of animals was
housed in similar cages but received daily treadmill exercise to
simulate moderate levels of physical activity. Our predictions were
that compared to physically active animals, sedentary animals would
develop inferior knee cartilage structure and strength, reduced limb
muscles, greater body weight and adiposity, and distinct gut mi-
crobial communities, all which would ultimately be associated with
a higher prevalence and severity of knee OA degeneration.

Materials and methods
Experimental design

Male, non-sibling Hartley guinea pigs were acquired from
Charles River Laboratories (Wilmington, MA, USA) at 7 weeks of age

(n = 36). Animals were housed individually in small cages
(27 x 48 x 20 cm; width x length x height) and maintained on a
12:12-hr light/dark cycle with free access to water and food (Lab-
Diet 5025, PMI Nutrition, St. Louis, MO, USA). At 8 weeks of age,
animals were randomly divided into a sedentary group and a
physically active group (n = 18/group). Physically active animals ran
on a flatbed treadmill (Columbus Instruments, Columbus, OH, USA)
at a rate of 20—25 m/min, 5 days/week for 22 weeks. Running
duration was gradually increased during the first 4 weeks from
10 min/day to 30—45 min/day to acclimate the animals to the
treadmill environment and activity. The peak dosage of running
(30—45 min/day, 5 days/week) was selected based on the World
Health Organization's recommendation for humans of >150 min/
week of moderate-intensity aerobic exercise?’, as well as prior ex-
periments showing that similar running regimens augment the
rodent musculoskeletal system?®?°. During the initial 4-week
training period, one animal was unable to run without excessive
motivation and thus removed from the study. At 28 weeks of age,
fresh fecal pellets were harvested from the remaining 35 animals
and immediately frozen at —80°C for analysis of gut microbial
community composition. All animals were euthanized at 30 weeks
of age by exsanguination under isoflurane anesthesia; limb muscles
(quadriceps, triceps surae) and gonadal fat pads were extracted,
weighed, and left and right weights were averaged; right articu-
lated knees were extracted and placed in 10% NBF to be used for
histological analyses; and left tibiae were dissected, wrapped in
gauze soaked with 1 x PBS, and frozen at —20°C for later me-
chanical testing and biochemical analyses. Just prior to euthanasia,
abdominal subcutaneous fat thickness was measured using ultra-
sound (L12-4 B-Mode Transducer, Philips, Bothell, WA, USA).
Sample sizes were determined based on prior work showing that
groups of n > 15 guinea pigs are sufficient for elucidating statisti-
cally significant differences in knee cartilage structure between
sedentary and physically active animals.>°

The use of Hartley guinea pigs between ages 8 and 30 weeks is
appropriate for examining the potential detrimental effects of a
sedentary lifestyle on knee OA incidence and severity, as it is during
this ontogenetic period that idiopathic disease onset typically oc-
curs, with the earliest histological signs present on the medial tibial
plateau at approximately 12—16 weeks of age?*>"*?. Previous work
has also shown that when using guinea pigs to investigate potential
inhibitors of knee OA, an experiment spanning this ontogenetic
interval is adequate for achieving an incidence and severity of OA
degeneration in the medial tibiae of untreated animals sufficient for
evaluating treatment effects?2. Importantly, however, OA lesions in
the medial femur and lateral compartment of the knee appear later
in ontogeny (and are less severe) than those in the medial tibia®>.
Moreover, OA-related changes in the subchondral bone, menisci,
and synovium are not yet pronounced in 30-week-old animals?Z.
Thus, our experiment was designed specifically to investigate the
effects of sedentism on knee OA onset rather than more advanced
stages of the disease, and our analyses focused on cartilage struc-
ture, strength, and degree of OA degeneration in just the medial
tibia.

All procedures were approved by the IACUC of Harvard
University.

Tibial histology

Following 10 days of decalcification in 10% formic acid, right
knee joints were coronally sectioned and embedded in paraffin in a
slightly flexed position”’. Two 8-pm sections of the medial
compartment were prepared, one anterior and one posterior, and
stained with toluidine blue (Supplementary Fig. 1). Tibial histo-
logical assessments were performed blinded on the sections at a
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magnification of 25x using an ocular micrometer. Five histo-
morphometric parameters were measured: (1) medial tibial carti-
lage width, defined as the total mediolateral span of cartilage across
the load-bearing surface of the plateau; (2) cartilage thickness,
defined as the total depth to tidemark of uncalcified cartilage at the
mediolateral midpoint of cartilage width; (3 and 4) cartilage
degeneration width and depth, defined as the maximum medio-
lateral and proximodistal spans, respectively, of cartilage affected
by any degeneration (matrix fibrillation/loss, aggrecan loss with or
without chondrocyte death); and (5) osteophyte thickness,
measured from the tidemark to the furthest point extending to-
ward the synovium. In addition, cartilage degeneration was scored
using an established semiquantitative method>> that involves
evaluation of chondrocyte death/loss, matrix fibrillation/loss, and
aggrecan loss with chondrocyte loss being the main determinant of
the score. Following this method, medial tibial cartilage width was
divided into three equal-diameter zones (medial, central, and
lateral) to assess regional variation in pathology. Cartilage degen-
eration in each zone was scored as either “none” (no degeneration),
“minimal” (5—10% of the total projected cartilage area affected by
degeneration), “mild” (11-25% affected), “moderate” (26—50%
affected), or “marked” (51-75% affected). None of the animals
exhibited cartilage degeneration classifiable by this scoring method
as “severe” (>75% affected). Values from anterior and posterior
sections were averaged. Cartilage degeneration width and depth
are expressed as a percentage of cartilage width and thickness,
respectively. Subchondral bone sclerosis, meniscal changes, and
synovitis were absent or very minimal in all animals and thus not
quantified.

Cartilage mechanical testing and biochemistry

Left tibiae were thawed at room temperature in 1 x PBS, then
compression was applied to the cartilage of the central region of the
medial plateau (with intact tibial bone) using a Dynastat mechan-
ical spectrometer (IMASS, Hingham, MA, USA) fitted with a 1-mm-
diameter cylindrical, plane-ended stainless-steel indenter**. An
initial tare load of 0.02 N was applied to ensure full contact between
the indenter and cartilage. Then, consecutive displacements of 12.5,
25, 37.5, and 50 um were exerted and the resulting loads measured.
After the 37.5-pm displacement, sinusoidal displacements with
amplitudes of 5 um and eleven different frequencies ranging from
1.0 to 0.005 Hz were applied and resulting loads measured.
Stress—strain curves were constructed using cartilage thickness
values derived from the needle-ramp method>*. Cartilage static
stiffness was calculated based on the linear portions of the
stress—strain curves. Cartilage dynamic stiffness was calculated as
dynamic stress divided by dynamic strain amplitude.

After mechanical testing, cartilage was detached from underly-
ing bone, weighed wet, and digested in Proteinase K (Roche, Indi-
anapolis, IN, USA). Cartilage composition was assessed by
measuring aggrecan content using the dimethyl methylene blue
dye-binding assay for glycosaminoglycan®> and collagen content
using the hydroxyproline assay>°. Aggrecan and collagen content
are expressed as g per mg of tissue wet weight.

Fecal 16S rRNA gene sequencing

Microbial DNA was isolated from fecal samples using the DNeasy
PowerSoil Kit (Qiagen, Venlo, Netherlands) and PCR-amplified using
barcoded primers targeting the V4 region of the bacterial 16S rRNA
gene (515F and 806R). The following thermocycler protocol was
used: 94°C for 3 min, followed by 35 cycles of 94°C for 45 s, 50°C for
30's, and 72°C for 90 s, with a final extension at 72°C for 10 min>">%,
Triplicate reactions for each sample were pooled and amplification

was confirmed by 1.5% gel electrophoresis. 16S amplicons were
cleaned with AmpureXP beads (Beckman Coulter, Brea, CA, USA),
quantified using the Quant-iT Picogreen dsDNA Assay Kit (Invi-
trogen, Carlsbad, CA, USA), and pooled evenly by DNA content
(Supplementary Table 1). The pool was run on one lane of an Illu-
mina HiSeq (San Diego, CA, USA) rapid flow cell (1 x 150 bp),
generating an average of 26,881 (s.d. = 9,067) high-quality reads per
sample. Sequences were analyzed using QIIME software>°. Opera-
tional taxonomic units (OTUs) were picked at 97% similarity against
the Greengenes database®’, which we trimmed to span only the 165
V4 region flanked by our sequencing primers (positions 521—773).
Bacterial relative abundances at taxonomic levels spanning phylum
through OTU were generated using summarize_taxa.py. To ensure
unbiased generation of diversity metrics sensitive to sampling depth,
sequences were subsampled to a common depth of 12,500 reads
(single_rarefaction.py) prior to a-diversity (alpha_diversity.py) and
B-diversity (beta_diversity_through_plots.py) computations.

Statistical analyses

Microbial community distances were compared between
groups using ANOSIM (compare_categories.py) with 999 permu-
tations. Microbial biomarker discovery was performed with LEfSe?!,
filtering out species-level OTUs with <100 sequences or those
present in only one sample, and treating an LDA score of >2 as the
threshold for significance. Cartilage degeneration score prevalence
was compared using Fisher's exact tests. For all other data,
Shapiro—Wilk tests were used to determine whether a normal
distribution was followed, and Levene's tests were used to examine
the equality of group variances. Depending on the results of these
tests, group differences were analyzed with Student's t-tests,
Mann—Whitney U tests, or Welch's t-tests (Supplementary Table 2).
These tests were performed using JMP Pro software (SAS Institute,
Cary, NC, USA) with significance set at P < 0.05 (all tests were two-
tailed). No allowance was made for multiple comparisons, as the
purpose of this study was exploratory rather than confirmatory.

Results

At the start of the experiment, body weight was similar between
animals assigned to the sedentary and physically active groups
[P = 0.35; Fig. 1(A)]. In both groups, body weight increased
throughout the experiment. By week 12 of the experiment, body
weights of sedentary animals were, on average, 4% higher
compared to physically active animals (P = 0.041), and from then
on, body weight remained significantly higher among sedentary
animals. At the end of the experiment, average body weight among
sedentary animals was 7% higher than among physically active
animals (P = 0.005). At that time, snout-to-rump length did not
differ significantly between sedentary and physically active animals
[P = 0.99; Fig. 1(B)], nor did limb muscle weight [quadriceps and
triceps surae: P = 0.65 and P = 0.25, respectively; Fig. 1(C)] or
subcutaneous fat thickness [P = 0.85; Fig. 1(D)]. However, gonadal
fat pad weight was, on average, 21% greater in sedentary
vs physically active animals [P = 0.007; Fig. 1(E)].

Gut microbial community composition did not differ signifi-
cantly between sedentary and physically active animals regardless
of the distance metric used [Bray—Curtis distances: P = 0.49;
weighted Unifrac distances: P = 0.61; unweighted Unifrac dis-
tances: P = 0.10; Fig. 2(A) and (B)]. The number of unique microbial
taxa observed per sample was significantly higher among physi-
cally active than sedentary animals [observed species: P = 0.031;
Fig. 2(C)], but a more robust measure of «-diversity that accounts
for both abundance and evenness was comparable between
experimental groups [Shannon Diversity Index: P = 0.35; Fig. 2(D)].
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Fig. 1. Effects of chronic sedentism on body size and composition. (A) Changes in body weight (+s.d.) among sedentary and physically active animals during the experiment.
Average (+s.d.) snout-rump length (B), limb muscle weight (C), abdominal subcutaneous fat thickness (D), and gonadal fat pad weight among sedentary and physically active
animals at the end of the treatment period. Asterisks indicate significant (P < 0.05) differences between experimental groups.

Additionally, microbial biomarker discovery analyses did not detect
any taxa that distinguished the microbial composition of samples
collected from sedentary and physically active animals (LEfSe, all
LDA <2).

In the medial tibia, sedentary and physically active animals
developed cartilage of similar thickness [P = 0.96; Fig. 3(A)], but the
composition of cartilage was significantly diminished by physical
inactivity [Fig. 3(B)]. Specifically, at the end of the experiment,
compared to physically active animals, sedentary animals had
cartilage with, on average, 16% lower aggrecan content (P = 0.032).
Cartilage collagen content also tended to be lower among sedentary
than physically active animals [Fig. 3(C)], but not significantly so
(P = 0.062). No significant group differences were detected in
cartilage stiffness [static and dynamic: P = 0.47 and P = 0.64,
respectively; Fig. 3(D)]

Prevalence of cartilage degeneration scores did not differ
significantly between sedentary and physically active animals
[medial, central, and lateral: P = 0.58, P = 0.66, and P = 0.66,
respectively; Fig. 3(E)]. There was, however, evidence that cartilage
degeneration was more severe in the sedentary group [Fig. 3(F)].
Specifically, while the width of cartilage affected by degeneration
was comparable between groups [P = 0.39; Fig. 3(G)], the depth of
degeneration was, on average, 41% greater among sedentary than
physically active animals (P = 0.024). In all but three animals,
maximum lesion depth occurred in the medial third of the plateau
in the area not covered by the meniscus [Fig. 3(E)]. This pattern of
localization in cartilage degeneration was evident in both the
anterior and posterior histological sections from sedentary and

physically active animals, indicating that lesion severity but not
location differed between experimental groups (Supplementary
Fig. 2). Osteophytes were present in 44% (8/18) of sedentary ani-
mals and 71% (12/17) of active animals. Sedentary animals tended
to have larger osteophytes than physically active animals [Fig. 3(G)],
but not significantly so (P = 0.078).

Discussion

To gain insight into how declining engagement in physical ac-
tivity might be contributing to the growing burden of knee OA in
developed nations, this study experimentally investigated the ef-
fects of a simulated sedentary lifestyle on the incidence and
severity of knee OA degeneration in guinea pigs, an established
idiopathic knee OA model*?. We found that compared to animals
who exercised daily for 22 weeks beginning at a young age,
habitually sedentary animals who did not exercise and whose
movement was restricted by small housing cages developed a
similar prevalence of knee OA but the severity of their cartilage
degeneration was significantly greater. The more severe knee OA
degeneration of sedentary animals was potentially attributable to
two general factors. First, compared to physically active animals,
sedentary animals developed significantly lower quantities of
cartilage aggrecan, suggesting that physical inactivity may have
contributed to knee OA development by engendering growth of
functionally deficient joint tissues*’. Second, throughout the
experiment, physically active animals accumulated significantly
less body weight and visceral adipose tissue, suggesting that
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Fig. 2. Effects of chronic sedentism on the gut microbiota. (A) Relative abundance of bacterial phyla in the distal guts of sedentary and physically active animals at 28 weeks of age,
as indexed by the percentage of 16S sequences. Phyla representing more than 1% of sequences are listed independently. (B) Bray—Curtis principal coordinate analysis (PCoA)
showing that sedentary and physically active animals harbored similar gut microbial communities. This result was robust to the choice of distance metric, with ANOSIM tests based
on the Bray—Curtis, unweighted Unifrac, and weighted Unifrac distance metrics all returning P > 0.05. (C and D) Average (+s.d.) gut microbial a-diversity in the sedentary and
physically active groups, as indexed by (C) the number of observed OTUs and (D) the Shannon Diversity Index, which considers both community abundance and evenness. The

asterisk indicates a significant (P < 0.05) difference between experimental groups.

physical inactivity might have exacerbated knee OA degeneration
by promoting obesity'>'®. We also investigated the degree to which
the gut microbiota may have mediated the effects of physical
inactivity on knee OA degeneration, but gut microbial communities
of sedentary and physically active animals were largely indistin-
guishable, at least in terms of composition. Nevertheless, overall,
our results provide support for the hypothesis that a sedentary
lifestyle can directly affect knee OA degeneration, particularly the
severity of degeneration, and potentially through multiple
pathways.”.

It is interesting yet unclear why physical activity attenuated
knee OA degeneration in our experiment but did not prevent the
disease outright. One possibility, however, is that the dosage of
exercise to which physically active animals were exposed was too
modest, amounting to only <3% of total time per day. This expla-
nation accords with the conclusion of a recent meta-analysis> of
animal exercise experiments which showed that the potential of
physical activity to augment knee cartilage growth generally fol-
lows a sigmoid dose—response relationship in which greater
amounts of exercise are typically more beneficial than small
amounts, but at some point additional exercise has marginal or
even negative effects. That sedentary and physically active animals
did not differ much in terms of cartilage thickness, muscle size,
subcutaneous fat quantity, or gut microbial community composi-
tion may also relate to the moderate dose of exercise administered.
Ultimately, future studies are needed to test the prediction that
higher levels of physical activity would totally prevent knee OA

degeneration in guinea pigs. It is also possible that susceptibility to
knee OA is so great among Hartley guinea pigs that no amount of
physical activity (or other potentially prophylactic measure) could
completely inhibit the disease from occurring, as some prior ex-
periments have seemed to suggest'>'®3C. Indeed, compared to
other laboratory guinea pig stocks, Hartley guinea pigs are known
to be considerably more vulnerable to knee OA even when main-
tained under identical environmental conditions™>. If it is actually
the case that knee OA degeneration is essentially inevitable in
Hartley guinea pigs, then a different model would be more
appropriate for future investigations of the prophylactic potential
of physical activity. Nevertheless, regardless of why physical ac-
tivity failed to completely prevent knee OA in our experiment, the
results provide good prospective evidence that habitual engage-
ment in exercise can at least attenuate knee OA degeneration,
including when doses of exercise are relatively modest.

It is important to emphasize that at the beginning of the
experiment, animals were young and thus undergoing rapid
growth. Because musculoskeletal tissues mostly develop prior to
maturity, it is possible that physical activity while young provides
the greatest benefits for attaining optimal knee tissue structure and
strength to resist OA degeneration. It is well established, for
example, that the potential for physical activity to augment bone
formation is greatest when young and declines with age**.
Whether cartilage exhibits a similar age-dependency in responding
to physical activity has yet to be determined, but it is noteworthy
that in the aforementioned meta-analysis of animal exercise
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Fig. 3. Effects of chronic sedentism on medial tibial articular cartilage structure, composition, and strength and OA severity. Average (+s.d.) articular cartilage thickness (A), cartilage
aggrecan content (B), cartilage collagen content (C), and cartilage static and dynamic stiffness (D) among sedentary and physically active animals at the end of the treatment period.
(E) Prevalence and histological grading of cartilage degeneration in the medial, central, and lateral thirds of the medial tibial plateaus of sedentary and physically active animals at
the end of the treatment period. Average (+s.d.) articular cartilage degeneration width (F), cartilage degeneration depth (G), and osteophyte thickness (H) among sedentary and
physically active animals at the end of the treatment period. Asterisks indicate significant (P < 0.05) differences between experimental groups.

experiments®, all studies that found, as we did, that cartilage
aggrecan quantity was augmented by physical activity were con-
ducted using young animals, whereas all studies that employed
older animals reported nil or negative effects of exercise. In terms of
cartilage collagen, consistent with our results, all experiments in
the meta-analysis found collagen quantity was not significantly
increased by physical activity regardless of the animals' age®,
though there is some evidence that collagen network structure can
be improved by exercise during growth but not in older age®’.
Therefore, in considering the results of this study, it should be kept
in mind that similar findings would not necessarily be expected if
the animals employed were older. Indeed, even at the end of our

experiment, animals were still fairly young, which was reflected by
the fact that none of them exhibited cartilage degeneration clas-
sifiable as severe, or pronounced changes in the subchondral bone,
menisci, or synovium. Future studies are thus required to deter-
mine how long the benefits of exercise during growth for knee
tissues persist with aging.

The precise mechanisms linking the greater body weight and
adiposity of sedentary vs physically active animals to knee OA
degeneration are uncertain but probably included some combina-
tion of metaflammation and joint overloading®'“. Although a lim-
itation of this study is that inflammation was not measured, prior
research has shown that body weight in Hartley guinea pigs is a
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strong predictor of serum concentrations of multiple pro-
inflammatory adipokines including IL-6 and TNF-o*>, implying
that body weight differences between experimental groups likely
reflect some degree of variation in metaflammation levels. More-
over, it is notable that differences in body weight between groups
were associated with greater visceral adiposity but not greater
subcutaneous adiposity among the sedentary animals. Visceral fat
is a more potent source of adipokine-induced metaflammation®®
and hence likely to have a greater impact on knee OA risk than
subcutaneous fat?’. Joint overloading is perhaps a less obvious
explanation for the more severe knee OA degeneration of sedentary
animals given that they loaded their knees much less than did
physically active animals. However, it is plausible that the knees of
sedentary animals were compromised enough by the development
of structurally inferior cartilage, coupled with the tissue weakening
effects of metaflammation, that even relatively small and infre-
quent loads produced by cage activity could have exceeded the
cartilage's mechanical capacity. Ultimately, additional research is
required to better understand the influence and interaction of the
inflammatory and mechanical factors that drive the negative con-
sequences of chronic positive energy balance for joint health.

Although the growing burden of knee OA in developed nations
is undoubtedly due to multiple factors?, the most important
conclusion of this study is that declining levels of physical activity
are likely making the situation worse and deserve further study.
Contrary to the traditional perception of physical activity as pri-
marily a cause of knee tissue wear and tear*®, our findings suggest
that regular engagement in physical activity may represent a
powerful strategy for attenuating knee OA degeneration'*?, and
that sedentism, by contrast, may be a greater threat to knee health
than sometimes assumed®2°. This does not mean, however, that all
forms of physical activity are likely to benefit knee health. Indeed,
evidence indicates that joint overloading produced by specific
types of very physically active lifestyles through occupation®® or
athletics®® can precipitate and exacerbate knee OA degeneration.
Nevertheless, that knee OA prevalence has risen in developed
countries at the same time that average occupational physical de-
mands and routine exercise have declined implies that too much
extreme physical activity is currently not the greatest threat to knee
health'. Instead, we suggest that the increasing normality of
extreme levels of physical inactivity is a more urgent concern for
countering the expanding knee OA epidemic and therefore war-
rants increased research and clinical attention.
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