
vol. 7, NO. 4, april 2018 274

Freely available online  open  Access

BJR

  Follow us @BoneJointRes

Article focus
�� Obesity and corresponding chronic low-

grade systemic inflammation are linked 
to the onset and progression of knee 
osteoarthritis (OA).

�� A strong relationship exists between obe-
sity and hand OA; however, the relation-
ship between metabolic disturbance and 
structural OA-like changes in other syno-
vial joints is unclear.

�� There is evidence of a systemic-to-local 
trajectory of metabolic OA-like knee joint 

damage in the high-fat/high-sucrose 
(HFS) diet-induced rat model.

�� The aim of this study was to investigate if 
diet-induced obesity (DIO) would also 
result in OA-like changes in the shoulders 
and hips of such animals.

Key messages
�� The HFS diet, in the absence of trauma, 

resulted in increased joint damage in 
the shoulder and knee joints of rats. Hip 

High-fat/high-sucrose diet-induced 
obesity results in joint-specific 
development of osteoarthritis-like 
degeneration in a rat model

Objectives
Metabolic syndrome and low-grade systemic inflammation are associated with knee osteo-
arthritis (OA), but the relationships between these factors and OA in other synovial joints are 
unclear. The aim of this study was to determine if a high-fat/high-sucrose (HFS) diet results 
in OA-like joint damage in the shoulders, knees, and hips of rats after induction of obesity, 
and to identify potential joint-specific risks for OA-like changes.

Methods
A total of 16 male Sprague-Dawley rats were allocated to either the diet-induced obesity 
group (DIO, 40% fat, 45% sucrose, n = 9) or a chow control diet (n = 7) for 12 weeks. At sac-
rifice, histological assessments of the shoulder, hip, and knee joints were performed. Serum 
inflammatory mediators and body composition were also evaluated. The total Mankin score 
for each animal was assessed by adding together the individual Modified Mankin scores 
across all three joints. Linear regression modelling was conducted to evaluate predictive 
relationships between serum mediators and total joint damage.

Results
The HFS diet, in the absence of trauma, resulted in increased joint damage in the shoulder 
and knee joints of rats. Hip joint damage, however, was not significantly affected by DIO, 
consistent with findings in human studies. The total Mankin score was increased in DIO 
animals compared with the chow group, and was associated with percentage of body fat. 
Positive significant predictive relationships for total Mankin score were found between body 
fat and two serum mediators (interleukin 1 alpha (IL-1α) and vascular endothelial growth 
factor (VEGF)).

Conclusion
Systemic inflammatory alterations from DIO in this model system may result in a higher risk 
for development of knee, shoulder, and multi-joint damage with a HFS diet.
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joint damage, however, was not significantly 
affected by DIO.

�� The predictive relationships between serum markers 
and body fat with total Mankin score reveal that sys-
temic inflammation may be involved in the cumula-
tive pathology observed here.

Strengths and limitations
�� This study evaluates the previously unknown rela-

tionships between DIO, shoulder, hip, and knee joint 
damage and serum biomarkers of inflammation, pro-
viding important information from which a mecha-
nism of joint damage with DIO can be approached.

�� The pre-clinical findings in the shoulder and knee 
joints echo previous joint-specific relationships for 
metabolic dysfunction in knees and shoulders, and an 
absence of pathology in hips of OA patients.

�� Weaknesses include that the present analysis evalu-
ates cross-sectional data and, by design, this is a 
descriptive study (not able to define a mechanism).

Introduction
Metabolic syndrome and corresponding chronic low-
grade systemic inflammation are associated with the 
onset and progression of osteoarthritis (OA).1 Several pre-
clinical studies have demonstrated that diet-induced obe-
sity (DIO) results in degenerative changes in murine and 
rabbit knee joints.1 Furthermore, among OA patients, 
individuals with obesity report more pain, worse function, 
and reduced quality of life compared with OA patients 
with a healthy weight.2-4 Obesity is also associated with 
the presence of bilateral OA, as well as OA in multiple 
joints.5 The relationship between obesity and OA is likely 
due to low-level systemic inflammation, rather than 
increased mechanical loading from body weight.1,6 
Previous data from our laboratory provided evidence for a 
systemic-to-local disease trajectory of knee joint damage 
in a Sprague-Dawley rat model of high-fat/high-sucrose 
(HFS) DIO, in the absence of trauma.6-8 It is unclear if the 
systemic changes measured in this model system affected 
synovial joints other than the knee. Furthermore, there is 
an absence of data supporting or refuting OA in multiple 
synovial joints in pre-clinical models of DIO, indicating a 
critical gap in the metabolic OA literature.

A compelling link also exists between obesity and 
hand OA,1 a joint that is not subjected to mechanical load 
due to body weight. Furthermore, the presence of hand 
OA at baseline evaluation is associated with increased 
future risk of knee and hip OA.9 However, the relationship 
between metabolic disturbance and structural OA-like 
joint damage in other synovial joints, such as the shoul-
der and hip, is unclear and inconsistent.10,11 For example, 
metabolic syndrome components, such as hypertension 
and visceral obesity, are correlated with knee OA in 
human studies, and there is evidence of a link between 
adipokines and shoulder OA in obese patients.12-14 In 

patients with knee OA, shoulder OA is the next most 
common site of OA.15 A high prevalence of shoulder pain 
is reported in individuals with obesity compared with 
controls of normal weight, and there is a significant con-
nection between obesity and shoulder repair surgery.16

Although the pathophysiology of shoulder OA is 
unclear, it has been shown that rotator cuff injury results 
in shoulder joint damage in rodents.17,18 Other studies 
demonstrate that shoulder morphology and biomechani-
cal loading profiles may also play a role in the onset and 
progression of glenohumeral OA.19 Population-based 
studies demonstrate that age and hypertension are sig-
nificant risk factors for shoulder OA.20 In the case of meta-
bolic OA, it is likely that shoulder OA is the result of 
deleterious changes, perhaps due to metabolic distur-
bance in the absence of trauma, defining a new disease 
trajectory. There is a paucity of work in the area of shoul-
der OA in general; systemic and metabolic factors have 
been implicated in the onset and progression of shoulder 
OA21 but have yet to be tested.

Considering the proximity of the hip joint to the vis-
ceral adipose tissue, which is known to contribute to low-
level systemic inflammation with metabolic disturbance,22 
it is surprising that no significant relationships have been 
observed with metabolic syndrome components and hip 
OA.1,12,13 Increased fat mass and decreased lean mass 
have been reported in patients with hip OA when com-
pared with control subjects.23 However, patients under-
going knee arthroplasty have higher body mass indices 
(BMI, kg/m2) when compared with patients who received 
hip arthroplasty.24 Of note, when structural damage is 
the primary outcome, there is a weak association or no 
association between obesity and hip OA.25 However, 
recent evidence demonstrates that weight gain > 20 kg in 
early and middle adulthood is associated with increased 
severe hip OA later in life.26 Taken together, these data 
suggest that while cross-sectional evaluations of hip OA 
show mixed links with obesity, long-term obesity expo-
sure could influence the development of hip OA.

Clarifying the relationships between metabolic distur-
bance and shoulder, knee, and hip OA in pre-clinical 
models has been identified as a critical gap within the 
context of metabolic OA.1 Therefore, the purpose of this 
study was to determine if a HFS diet would result in 
OA-like joint damage in the shoulders, knees, and hips of 
rats after induction of obesity, in order to identify poten-
tial joint-specific risk for such OA-like changes. We 
hypothesized that DIO would increase the incidence of 
joint damage in the shoulder and knee joints, but not hip 
joints, of adult male rats after 12 weeks of HFS feeding.

Materials and Methods
A total of 16 male Sprague-Dawley rats aged between 
ten and 12 weeks were allocated to either the DIO group 
(40% fat, 45% sucrose, custom Diet #102412; Dyets, 
Inc., Bethlehem, Pennsylvania; n = 9) or a standard chow 
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control diet (chow; 12% fat, 0% sucrose, Lab Diet 5001; 
n = 7) for 12 weeks, and were individually housed on a 
12-hour dark/light cycle. All experiments were approved 
by the University of Calgary Life and Environmental 
Sciences Animal Care Committee. Prior to sacrifice, body 
composition was evaluated using dual-energy x-ray 
absorptiometry (DXA). Blood serum was collected, 

prepared, and analyzed for protein as previously 
described.6,8 A total of 27 markers were quantified in 
serum using a rat 27-plex multiplex assay and Luminex 
xMAP technology (Eve Technologies, Calgary, Canada).6

Histological assessments. A fter sacrifice, shoulder, hip, 
and knee joints were harvested, decalcified, and cut into 
serial sagittal 8 µm thick sections according to previously 
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Fig. 1

Graph showing that diet-induced obesity (DIO) leads to increases in the severity of joint damage in the shoulders, knees, and hips of rats. DIO animals (n = 9) 
had increased Modified Mankin scores at the shoulder and knee compared with chow-fed animals (n = 7). Overlapping scores are represented by one point on 
the graph. Each line indicates the scores for one animal across the three joints. Hip scores were similar between groups. The blue line corresponds with the DIO 
animal depicted in Figure 2 for shoulder and hip, the purple line corresponds with the DIO animal depicted in Figure 2 for knee, and the green line corresponds 
with the chow animal illustrated in Figure 2. *p ⩽ 0.05 between DIO versus chow for shoulder and knee joints.

Fig. 2

Histology images taken at ×10, showing that DIO leads to increases in joint damage in shoulder and knee joints, but not hip joints. Scale bars indicate 500 μm. 
Black arrows indicate lesions.



277 K. H. Collins, D. A. Hart, R. A. Seerattan, R. A. Reimer, W. Herzog

BONE & JOINT RESEARCH

described methods.7,8 A Modified Mankin score was used 
to describe the damage in each knee joint as previously 
described.6

Briefly, five areas were evaluated (the medial and lat-
eral tibial plateau, the medial and lateral femoral condyle, 
and the patella) on the standard 14-point Mankin scale,27 
and meniscal damage was scored on a scale of 0 to 5. Hip 
joint surfaces (acetabulum and femur) and shoulder joint 
surfaces (scapula and humerus) were scored according to 
the 14-point Mankin criteria.27 All joints were evaluated 
for subchondral bone and synovium pathology using a 
five- and four-point set of criteria, respectively, that was 
adapted from the rat-specific Osteoarthritis Research 
Society International (OARSI) metric.28 The final Modified 
Mankin score for each joint was obtained by adding the 
site-specific Mankin scores within a joint and the two cor-
responding bone and synovium OARSI scores.7,8,27-29

To operationalize the cumulative joint damage in a 
given animal, a total Mankin score was calculated by add-
ing the scores across all three joints. This represents an 
indirect approximation of multi-joint damage in this 
model system. Furthermore, as we hypothesized that 
shoulder and knee joint damage would be increased in 
DIO animals compared with in chow animals, we also 
evaluated the sum of shoulder and knee damage between 
dietary groups. The interrater reliability between 

histology outcomes between the two independent 
blinded assessors used in this study was r > 0.90.
Statistical analysis. L evene’s test for equality of variance 
was conducted on all outcomes. If significant (p ⩽ 0.05), 
Mann–Whitney U tests were used to evaluate DIO 
compared with control. If equal variances were found, 
Student’s t-tests were performed between DIO and con-
trol (IBM SPSS Statistics for Windows, Version 21.0; IBM 
Corp., Armonk, New York; α = 0.05). Odds ratios (OR) 
were calculated for total Mankin score and the sum of 
shoulder and knee Mankin scores to evaluate the odds 
of a DIO animal being in the upper 50th percentile of 
cumulative joint damage. To understand systemic con-
tributors to single-joint and multi-joint damage, Pearson 
and Spearman correlations were run between body fat, 
all serum markers, individual joint damage, and total 
joint damage across all animals. Linear regression model-
ling was performed on analytes with a significant positive 
relationship with total Mankin score, in order to evaluate 
predictive relationships with serum mediators and total 
body fat to total Mankin score.

Results
Body composition. A fter 12 weeks of HFS feeding, DIO 
animals gained more body mass than the chow-fed 
controls (DIO, mean 802 g, 95% confidence interval 
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Graphs showing that: a) total Mankin score is increased in diet-induced obesity (DIO) animals versus chow-fed controls; b) the sum of knee and shoulder Mankin 
scores is increased in DIO animals versus chow-fed controls; c) total Mankin score is positively significantly associated with percentage of body fat across all 
animals; and d) the sum of knee and shoulder Mankin scores is positively significantly associated with percentage of body fat across all animals. Empty squares 
represent DIO animals (n = 9) and black squares represent chow-fed control animals (n = 7). *p ⩽ 0.05 in DIO versus chow.
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(CI) 797 to 859; chow, mean 650 g, 95% CI 599 to 689, 
p = 0.002). This was accompanied by an approximate 
twofold increase in body fat in DIO animals compared 
with chow-fed controls (DIO, mean 39%, 95% CI 37 to 
42; chow, mean 21% (95% CI 17 to 24), p = 0.001).
Joint damage.  DIO animals demonstrated significantly 
higher Modified Mankin knee joint scores than the 
chow-fed control animals (Figs 1 and 2), as previously 
described. Modified Mankin scores for shoulder joints 
were also significantly increased in DIO animals com-
pared with chow control diet animals. Modified Mankin 
scores for hip joints, however, were not significantly dif-
ferent between DIO and chow-fed animals.

When the scores for all three joints were added, the 
total Mankin score was increased in DIO animals com-
pared with in the chow-fed animals (Fig. 3a). Additionally, 
when knee and shoulder Mankin scores were summed, 
DIO animals also demonstrated increased cumulative 
scores compared with the chow-fed controls (Fig. 3b). 
The odds ratio of a DIO animal being in the upper half of 
the total Modified Mankin score was 21 (1.5 to 293.26). 
Since the same animals were in the upper 50th per
centile of total Mankin score damage as were in the 
upper 50th percentile of the sum of knee and shoulder 
damage, the odds of a DIO animal being in the upper 
half of knee and shoulder damage were also 21 (1.5 to 

293.26). Furthermore, the total Mankin scores and the 
knee and shoulder sum Mankin scores were both signifi-
cantly and positively associated with body fat percentage 
across all animals, although each individual joint score 
was not significantly associated with body fat percentage 
(Figs 3c and 3d).
Serum mediator profiles.  Several serum mediators were 
increased in DIO animals compared with chow-fed con-
trols (p ⩽ 0.05, Table I). Specifically, DIO animals dem-
onstrated significantly increased protein levels for leptin, 
interleukin 1 beta (IL-1β), IL-10, IL-18, macrophage che-
moattractant protein-1 (MCP-1), and tumour necrosis 
factor alpha (TNF-α). Protein levels for vascular endothe-
lial growth factor (VEGF), fractalkine, and macrophage 
inflammatory protein 1 alpha (MIP-1α) exhibited trends 
for increases in DIO animals (p ⩽ 0.15), but were not sig-
nificantly increased in this cohort of animals.
Relationships between serum inflammatory profiles, 
body fat, individual joint damage, and total Mankin 
score.  Significant positive relations were calculated 
between body fat percentage and leptin, IL-1β, VEGF, 
IL-10, and IL-18 (r > 0.50, p ⩽ 0.05) across all animals. 
Shoulder joint Mankin scores were positively and sig-
nificantly correlated with serum levels of IL-1α (r = 0.61, 
p = 0.010), MIP-1a (r = 0.55, p = 0.024), and VEGF (r = 0.65, 
p = 0.005). No significant correlations were observed 

Table I.  Serum inflammatory mediators. Summary of cytokine, adipokine, and growth factor protein levels that were increased in serum of obese animals. Data 
are categorized by diet-induced obesity (DIO) (n = 9) and chow (n = 7) animals, and presented as means and 95% confidence interval (CI)

Serum  
mediators

DIO Chow p-value* R association  
with body fat

p-value*

 
Mean (ng/ml) 95% CI Mean (ng/ml) 95% CI

Leptin 57.15 47.60 to 66.71 32.48 19.55 to 45.43 0.008† 0.59 0.016†

IL-1β 0.15 0.08 to 0.22 0.05 0.04 to 0.05 0.025† 0.63 0.009†

IL-10 0.16 0.10 to 0.23 0.08 0.06 to 0.10 0.031† 0.54 0.030†

IL-18 0.48 0.34 to 0.63 0.25 0.14 to 0.33 0.033† 0.53 0.042†

VEGF 0.08 0.05 to 0.12 0.05 0.03 to 0.07 0.128 0.52 0.037†

MCP-1 1.11 0.90 to 1.32 0.78 0.56 to 0.99 0.046†  
TNF-α 0.01 0.01 to 0.01 0.01 0.00 to 0.01 0.050†  
Fractalkine 0.07 0.01 to 0.05 0.05 0.03 to 0.06 0.099  
MIP-1a 0.02 0.00 to 0.02 0.01 0.01 to 0.02 0.079  
IL-1α 0.75 0.21 to 1.49 0.47 0.20 to 0.83 0.500  

*Mann–Whitney U test
†Statistically significant
VEGF, vascular endothelial growth factor; MCP-1, monocyte chemoattractant protein-1; TNF-α, tumour necrosis factor α; MIP-1a, macrophage inflammatory 
protein 1-a; IL-1α, interleukin 1 alpha.

Table II.  Summary of outputs from linear regression modelling estimating total Mankin scores across all animals: diet-induced obesity (DIO) (n = 9) and chow-
fed (n = 7). β-coefficients and predicted Modified Mankin scores for each model are presented as mean and 95% confidence interval (CI). R-squared (r2), F-statis-
tics, standard error of the estimate, and p-value of the model are also provided

Factor 1 Factor 2 r2 β-coefficient F-statistic Standard error  
of the estimate

p-value* Predicted total Mankin 
score mean (95% CI)

Body fat Serum IL-1α 0.49 7.37 6.35 3.42 0.012† 32.7 (26.3 to 39.5)
Body fat Serum VEGF 0.45 8.08 5.22 3.32 0.022† 32.7 (26.5 to 40.0)
Body fat Serum IL-1β 0.34 10.42 3.31 3.33 0.069 32.8 (26.7 to 40.0)
Body fat Serum leptin 0.31 8.49 2.96 3.56 0.087 32.7 (26.0 to 40.4)

*Mann–Whitney U test
†Statistically significant
IL-1α, interleukin 1 alpha; VEGF, vascular endothelial growth factor
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between hip joint Mankin scores and knee joint Mankin 
scores. While body fat was not significantly correlated 
with any of the individual joint Mankin scores, body fat 
was significantly positively correlated with the sum of 
knee and shoulder Mankin score (r = 0.50, p = 0.049) and 
total Mankin score for all three joints (r = 0.58, p = 0.018). 
Additionally, using logistic regression modelling, signifi-
cant predictive relationships for total Mankin scores were 
calculated between body fat and IL-1α, and between 
body fat and VEGF (Table II).

Discussion
This study addresses important gaps in the literature and 
contributes a series of novel insights into the pathogene-
sis of metabolic OA-like joint damage across three syno-
vial joints: the shoulder, hip, and knee. The key finding 
from these data is that a HFS diet, in the absence of 
trauma, resulted in increased OA-like changes in the 
shoulder and knee joints of rats after a standard 12-week 
obesity induction period, which is concordant with previ-
ous work in knee joints in this model system.6,7 These 
data suggest that metabolic disturbance, in the absence 
of trauma, may also define a unique pathophysiological 
trajectory for shoulder OA. Hip joint damage, however, 
was not significantly affected by DIO, concordant with 
unclear or absent cross-sectional relationships often 
reported between metabolic disturbance and hip 
OA.1,12,13,30 Importantly, our findings echo previous joint-
specific relationships for metabolic dysfunction in knees 
and shoulders, and an absence of pathology in hips of 
OA patients.1,12,13,30 Furthermore, preliminary odds ratio 
analysis revealed that DIO increased the odds of higher 
damage across all three joints. There is also evidence in 
the literature for a stronger link between metabolic dys-
function and OA pathology in women compared with in 
men, and future work will aim to understand better the 
role of gender in the joint-specific pathogenesis of meta-
bolic OA in this model system.1

It may be that the shoulder, knee, and hip progress to 
overt damage with different timelines, and thus, perhaps 
an effect of DIO on hip joint integrity would be observed 
if given more time on the HFS diet. This speculation is 
supported by reports that weight gain > 20 kg in early 
and middle adulthood is associated with increased 
severe hip OA later in life.26 Previously, an increase in 
Mankin scores for the knee was observed after 28 weeks 
compared with 12 weeks on the HFS diet, suggesting 
that prolonged exposure to HFS results in increased knee 
joint damage, and overrides potential protective mecha-
nisms due to obesity resistance.6 The hip joint may be 
intrinsically more resistant to developing OA-like pathol-
ogy with diet for, as yet, unknown reasons, underscored 
by previous reports of no significant link between BMI 
and hip OA.31,32 Although some epidemiological studies 
demonstrate increased risk for hip OA among individuals 
with obesity, the odds ratio for hip OA in individuals with 

previous hip injury is substantially higher than that of obe-
sity (4.3 vs 1.7).33 Taken together, these data potentially 
implicate other factors (i.e. post-traumatic, developmen-
tal, genetic/epigenetic variables, prolonged exposure to 
obesity or metabolic disturbance) for the origins or risk for 
pathogenesis leading to hip joint damage.

Obesity-related chronic inflammation likely results 
from metabolic disturbance, and has previously been 
described in this animal model.6-8,34 The associations 
between total Mankin score and body fat suggest that 
fat-related low-level inflammation may play an influential 
role in the development of pathogenesis leading to multi-
joint damage. This hypothesis is supported by the signifi-
cant predictive relationships between serum markers and 
body fat with total Mankin scores, which reveals that sys-
temic inflammation may be involved in the cumulative 
multi-joint damage observed here. Links between syno-
vial fluid IL-1α and serum VEGF and Modified Mankin 
knee score have been previously reported in this animal 
model.6,8 It is unclear if these low-level systemic media-
tors are a cause or a consequence of the cumulative 
pathology observed here, but future studies will aim to 
clarify the relationships between these markers (i.e. IL-1α, 
VEGF) and joint-specific changes with HFS. Although a 
significant positive relationship was not observed with 
knee joint damage and body fat or any individual sys-
temic mediator, such significant associations and predic-
tive relationships have been reported previously with 
exposure to HFS over 12 weeks in a different cohort of 
animals.6-8 The present study demonstrated a tighter 
clustering in body fat in animals from the present study 
compared with previous studies.6-8 This narrow range of 
body fat percentages may contribute to the lack of dis-
tinct relationships between Modified Mankin scores for 
each joint and body fat, and the more modest differences 
in inflammatory mediators in this study compared with 
what has been previously reported at this timepoint.6

In symptomatic OA, shoulder pain predicts knee pain, 
suggesting that a pathophysiological link may exist 
between the multi-joint arthritis of these two synovial 
joints.15 The link between knee and shoulder pain with 
OA is proposed to be mediated by functional muscle 
weakness,15 implicating a role for skeletal muscle in meta-
bolic OA of different synovial joints. Compromised vastus 
lateralis (VL) muscle integrity is associated with significant 
increases in knee Modified Mankin score in this model sys-
tem35. It is possible that upper limb muscles with similar 
muscle fibre type to the VL could contribute to the shoul-
der joint damage observed here, as these and other data 
have fuelled a hypothesis regarding the central role of 
muscle in obesity-related musculoskeletal disease.36 Many 
rotator cuff muscles are of mixed fibre type,37 similar to 
the VL, suggesting that the muscles of the rotator cuff 
could be vulnerable with metabolic dysfunction. Fat infil-
tration in the teres minor muscle before surgery is associ-
ated with poorer outcomes (i.e. positioning, pain) after 
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shoulder arthroplasty.38,39 These findings implicate a role 
for muscle in the pathophysiology of shoulder OA, but 
this hypothesis remains to be tested, especially in the con-
text of metabolic shoulder OA.40

This study has limitations that should be addressed. 
The cross-sectional nature of these data does not allow 
for us to evaluate if the hip is resistant to damage with 
DIO, or whether damage to the hip occurs at a slower 
rate compared with the shoulder and knee joints. 
Longitudinal studies with multiple timepoints are needed 
to validate the proposed relationships observed here. 
Also, by design, this is a descriptive study and, as such, a 
mechanism is not defined based on the present data. 
Ongoing efforts aim to develop protocols for synovial 
fluid collection in the shoulder and hip joints to quantify 
the effects of diet on local inflammatory environments 
within each joint. Given the minimal number of animals 
used, the preliminary odds ratios presented here demon-
strate wide 95% CIs. Future studies will consider an anal-
ysis of DIO animals that are prone or resistant to damage 
within the broader DIO group. Investigating the genetic 
underpinnings of the DIO,41 the role of inflammatory cell 
activation, and comparative synovial fluid constituents 
from multiple joints of DIO animals are also exciting areas 
for future evaluation.

In conclusion, this study demonstrates relations 
between diet, shoulder, hip, and knee joint damage and 
serum biomarkers of inflammation, providing important 
information from which a mechanism of joint damage 
with DIO can be approached. The pre-clinical findings in 
the shoulder and knee joint echo previous joint-specific 
relationships for metabolic dysfunction in knees and 
shoulders, and an absence of pathology in hips of OA 
patients. This work represents a pioneering effort in 
understanding the relationship between the develop-
ment of pathology in different synovial joints with meta-
bolic disturbance.

Follow K. H. Collins @KelseyHCollins
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