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Aims: (1) To evaluate the association between type 2 diabetes mellitus (T2D) and primary knee osteoarthritis
(KOA); and (2) to compare synovial fluid (SF) cartilage oligomeric matrix protein (COMP) concentrations and
glycemic control parameters in patients with T2D, with and without primary KOA.
Methods: A total of 231 individuals were included in this study. Primary KOA was confirmed according to the
criteria established by the American College of Rheumatology. The presence of T2D was determined by medical
history. In addition, fasting plasma glucose and glycated hemoglobin were analyzed to confirm diabetic and non-
diabetic status.
Results: Our results showed an association between T2D and primary KOA after covariate adjustments
(OR = 3.755, p = 0.000024, 95% CI: 2.033–6.934). In addition, SF COMP levels were significantly higher in T2D
groups with and without primary KOA ( p = 0.00035; p = 0.001 respectively) when compared to nonT2D controls.
Conclusion: This study suggests a strong association between T2D and primary KOA; in addition, the presence
of T2D may have an influence in SF COMP levels in subjects with and without primary KOA. The glycemic
control parameters and duration of diabetes may be useful as an indirect indicator of SF COMP levels to prevent
the effects of chronic exposure to hyperglycemia and subsequent damage to the articular cartilage.
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Introduction

The American Diabetes Association defines diabetes
mellitus as a group of metabolic diseases characterized

by hyperglycemia due to defects in insulin secretion, insulin
action, or both (TAS, 2014). The chronic hyperglycemia of
diabetes has been associated with long-term damage, dys-
function and failure of different organs, particularly eyes,
kidneys, and blood vessels.

Diabetes is a worldwide spread condition, in which the
prevalence of the disease is expected to rise from 6.4% in
2010 to 7.7% by 2030 among adults (Shaw et al., 2010)

Type 2 diabetes mellitus (T2D) accounts for 90–95% of
those patients with diabetes. In Mexico, the prevalence of
T2D is around 9.2% (*6.4 million people) with an increase
of 50% in the 40–49 year age group (Gutierrez et al., 2012;
Jiménez-Corona et al., 2013; Romero-Martı́nez et al., 2013).
Moreover, the duration of T2D and age at diagnosis may
influence the development of other diseases such as ne-
phropathy and retinopathy (Verma et al., 2006). However,
conflicting results have been described in the literature on the
effect of the duration of the disease and the appearance of

complications (Fox et al., 2004). Furthermore, previous
studies have associated T2D to the development of KOA
(Williams et al., 2016).

Osteoarthritis (OA) is a multifactorial musculoskeletal
disorder with diverse phenotypes, which may affect one or
more joints. The prevalence of OA varies among countries. In
Mexico, the prevalence of OA is around 14% and it is con-
sidered the fourth cause of morbidity in adults older than 60
years (De Pavı́a-Mota et al., 2005).

KOA is the second most common site of affection (only
less frequent than hand OA) (Litwic et al., 2013). Risk factors
such as age, genetic, and female gender, among many others,
have been associated to KOA.

In recent years, there has been an increasing interest in the
study of the linkage between metabolic syndrome (MetS) and
its corresponding components as possible risk factors for the
development and progression of OA. Although the exact
mechanism linking both diseases is not fully understood,
some studies have demonstrated that inflammatory mediators
derived from adipose tissue may damage the metabolism of
joints as other organs (Coggon et al., 2001; Griffin et al.,
2012; Francisco et al., 2018). In addition, many attempts
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have been performed to demonstrate the linkage between
chronic hyperglycemia and damage to articular cartilage.
Indeed, the exposition of chondrocytes to high extracellular
glucose concentrations may increase the production and de-
position of advanced glycation end products (AGEs) and
reactive oxygen species (ROS), and inflammation with
damage to the extracellular matrix (Verzijl et al., 2003;
Atayde et al., 2012; Chen et al., 2015). The disorder in glu-
cose metabolism can influence metabolism on chondrocytes
through activation of IL-1b and IL-12 among other cyto-
kines, promoting the onset and progression of OA (Rosa
et al., 2011; Laiguillon et al., 2015).

T2D is the most commonly studied component of MetS as
a risk factor for OA; several meta-analyses have found a
significant association between T2D and OA (Louati et al.,
2015; Wang et al., 2016). Also, epidemiological and exper-
imental evidence has suggested that T2D could be an inde-
pendent risk factor for the development and progression of
OA, that is, the diabetes-induced OA phenotype (Berenbaum,
2012; Griffin et al., 2012; Laiguillon et al., 2015). However,
this association remains controversial. Indeed, other studies
have questioned the link between OA and T2D (Yoshimura
et al., 2011; Frey et al., 2016; Garessus et al., 2016; Leung
et al., 2017; Dawson et al., 2018).

Cartilage oligomeric matrix protein (COMP) is a 524-kDa
noncollagenous homopentameric protein present in cartilage.
COMP interacts with collagen fibrils through each C-terminal
globule and contributes to extracellular matrix stabilization,
mediating the organization of cartilage matrix for its load-
bearing function (Hedbom et al., 1992; Chen et al., 2007;
Halász et al., 2007; Tseng et al., 2009). In previous studies,
COMP has been suggested as a useful marker of articular
cartilage damage (Šenolt et al., 2005; Verma and Dalal, 2013).

Fasting plasma glucose (FPG) and glycosylated hemo-
globin (HbA1c) are widely used markers to evaluate gly-
cemic control. HbA1c is used to monitor the adequacy of
glycemic control as it reflects average glucose concentrations
over a 2- to 3-month period of time. In several studies, FPG
and HbA1c have been correlated with severity of OA and risk
for arthroplasty (King et al., 2013; Nieves-Plaza et al.,
2013; Li et al., 2016). Moreover, several components of MetS
and glycemic control have been related to risk of occurrence
and progression of KOA through radiological assessment
(Yoshimura et al., 2012). However, synovial fluid COMP
(SF COMP) concentrations have not been evaluated along
with glycemic control parameters in T2D patients with KOA.

The purpose of this study was to evaluate the association
between T2D and primary KOA; for this, we also compared
SF COMP concentrations and glycemic control parameters in
T2D patients, with and without primary KOA.

Materials and Methods

Study population

A total of 231 Mexican Mestizo adult patients from
northern Mexico, attending a public security hospital from
February 2015 to May 2016, were included in this study. The
sampling method was for convenience. One hundred twenty-
one individuals (52.4%) included in the study went to the
Department of Orthopedics to be treated for pain in the knee
joint and diagnosed as primary knee OA, confirmed by the
clinical criteria of American College of Rheumatology and

the radiographic parameters of Kellgren and Lawrence (sensi-
tivity of 91%, and 86% specificity) (Altman et al., 1986). In
addition, the state of diabetes and not diabetes was confirmed by
medical past history reported by each participant and laboratory
results. Indeed, FPG and HbA1c were analyzed to confirm di-
abetic and nondiabetic status after an overnight fast of at least
10 h (Vitros� 4600 Chemistry System). The recommended di-
agnostic criteria for diabetes were adopted in this study as fol-
lows: FPG ‡126 mg/dL and HbA1c ‡6.5% ((TAS, 2014)

In addition, 110 individuals attending to the same hospital
were included as a non-KOA group. The non-KOA status was
confirmed through weight-bearing anteroposterior and lateral
bending 30 degrees knee X-rays. Participants were grouped
as follows: (1) KOA-T2D, (2) KOA-non-T2D, (3) non-KOA-
T2D, and (4) non-KOA-non-T2D. Also, it was corroborated
that there were no other regions with OA or alterations in
liver and kidney function in the participants from the clinical
history and the corresponding biochemical analyses (data not
shown in the article).

For both groups of study, a thorough clinical history was
performed, including gender, ethnicity, age, menopause sta-
tus and BMI (WHO EC, 2004).

To estimate COMP levels in SF samples, a human ELISA-
linked immunosorbent assay was used, following manufac-
turer’s instructions (Cloud; Clone Corp, SEB197Hu, Wuhan,
China). In study groups, arthrocentesis was performed as
previously described (Driban et al., 2014). Around 2 to 10 mL
of SF was collected. Aliquots were centrifuged for 15 min at
2000 g and supernatants were kept frozen and stored at -80�C.
The SF samples for the COMP analysis were obtained in the
morning (8 to 12 pm) to avoid the circadian variations of the
biomarkers, without practice of previous exercise.

For KOA and non-KOA groups, inclusion criteria were
both genders and T2D and nondiabetic diagnosis, whereas
exclusion criteria were (1) recent glucocorticoids or hya-
luronic acid intra-articular injection, (2) secondary traumatic,
infectious, metabolic, or inflammatory KOA, (3) treatment
with glucosamine and/or chondroitin sulfate, (4) heavy
working activity, (5) contamination of SF sample, and (6)
pregnant females.

The protocol was in accordance with the Declaration of
Helsinki and was reviewed and approved by the Ethics
Committee of the Clinica Magisterio in Torreon, Coahuila,
Mexico. Written and informed consent were obtained from
all participants.

Statistical analyses

Statistical analyses were performed using SPSS version 22
software (SPSS Statistics/IBM Corp, Chicago IL). Test for
normal distribution was performed in all continuous vari-
ables. Univariate analysis was done using median for contin-
uous and nonnormally distributed data, and frequencies and
percentages for categorical data. Bivariate analysis among the
groups was carried out using chi-square and Mann–Whitney U
tests. For association analysis, a multivariate logistic regres-
sion adjusting by age, gender, and BMI was carried out; after
performing several cutoffs, age and BMI were analyzed as
dicotomic variables. For age, a cutoff of 56 years was chosen;
also, a BMI cutoff of 27 was established according to the
World Health Organization classification (WHO EC, 2004). In
addition, Kruskal–Wallis test was performed to compare all
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study groups. Finally, statistical significance was considered if
p < 0.05 and 95% CIs.

Results

This study included 121 (52.4%) primary KOA partici-
pants and 110 (47.6%) non-KOA subjects. The clinical
characteristics of participants are described in Table 1. As
observed, in the bivariate analysis, in Table 1, KOA, female
gender, age, and menopause were associated to KOA
( p = 0.009, p = 5.7E-8, and p = 5.1E-8, respectively). The me-
dian age for KOA group was 62 years (42–87) and non-KOA
group 51.5 years (30–76). Moreover, diabetes and its duration
were significantly associated to KOA (OR = 1.988; 95% CI:
1.473–2.878; p = 0.000002 and OR = 1.493; 95% CI: 1.172–
1.902; p = 0.001, respectively). No significant differences
were observed for smoking.

Interestingly, BMI was not associated to KOA in this
study. The median of BMI for the KOA group was 27.54
(18.59 - 45.79), and 27.43 (19.03 - 47.34) for non-KOA
group. BMI was distributed as follows: KOA group (normal
28.1%; preobese 40.5%; and obese 30.6%) and non-KOA
group (normal 28.2%; preobese 35.5%; and obese 33.6%).

Multivariate logistic regression analyses are shown in
Table 2. These analyses were adjusted by age, BMI, gender,
and menopause using three models. Our results showed that
T2D was significantly associated to KOA, in all three models.
In model one (adjusted by age and BMI), T2D had a 3.5-fold
increased risk for KOA ( p = 0.000034; 95% CI: 1.958–
6.525); in model two (adjusted by age, gender, and BMI), the
odds for KOA in T2D subjects increased by 3.755
( p = 0.000024; 95% CI: 2.033–6.934); in model three, ad-
justed by age, menopause, and BMI, the odds for KOA de-

creased to 2.641 ( p = 0.027; 95% CI: 1.118–6.244). In
addition, multivariate analyses were carried out for diabetes
duration. After adjustment for age, BMI, and menopause,
duration of T2D was significantly associated to risk for KOA
( p = 0.031, OR = 4.904 95% CI: 1.160–20.735).

To evaluate SF COMP levels and glycemic parameters, we
performed bivariate analyses comparing study groups
(KOA/T2D, KOA/non-T2D, non-KOA/T2D, and non-KOA/
non-T2D) as observed in Table 3. SF COMP and FPG levels
were significantly higher in KOA/T2D than KOA/non-T2D
group ( p = 0.00035 and p = 2.46E-11, respectively) (Table 3).

Also, the SF COMP, FPG, and HbA1c concentrations were
significantly higher in KOA/T2D than non-KOA/T2D group
(Table 4). On the other hand, no significant differences were
detected in the nondiabetic groups (Table 5).

Interestingly, in non-KOA groups, the presence of T2D
was significantly associated to an increase in SF COMP
levels (560 vs. 239 ng/mL; p = 0.002).

Finally, comparative analyses on SF COMP and FPG were
performed in all study groups (Table 6). Significant differ-
ences (*) were found when comparing SF COMP and FPG
concentrations among groups with and without diabetes.

Discussion

The association between OA and T2D has been described
long time ago (Waine et al., 1961). At present, this associa-
tion remains controversial (Garessus et al., 2016; Leung
et al., 2017; Dawson et al., 2018); however, there are epi-
demiological and experimental evidences that support this
association (Berenbaum, 2012; Litwic et al., 2013; Schwarz
et al., 2017).

Table 1. Clinical Characteristics of Primary Knee Osteoarthritis and Control Subjects

Variable KOA group (n = 121) Non-KOA group (n = 110) p OR 95% CI

Male 39 (32.2%) 54 (49.1%) 0.009**,{ 1.431 1.081–1.893
Female 82 (67.8%) 56 (50.9%)
Age years (‡56) 92 (76%) 45 (40.9%) 5.725E-8**,{ 2.177 1.573–3.011

(<56) 29 (24%) 65 (59.1%)

Male 26 (66.7%) 27 (50%) 0.109{ 1.509 0.894–2.549
13 (33.3%) 27 (50%)

Female 66 (80.5%) 18 (32.1%) 1.102E-8**,{ 2.652 1.732–4.060
16 (19.5%) 38 (67.9%)

Menopause 78 (95.1%) 32 (57.1%) 5.103E-8**,{ 4.964 1.988–12.395
4 (4.9%) 24 (42.9%)

BMI (‡27) 67 (55.5%) 60 (54.5%) 0.900{ 1.016 0.793–1.301
(<27) 54 (44.6%) 50 (45.5%)

Male 23 (59%) 35 (64.8%) 0.566{ 0.867 0.536–1.403
16 (41%) 19 (35.2%)

Female 44 (53.7%) 25 (44.6%) 0.298{ 1.158 0.877–1.528
38 (46.3%) 31 (55.4%)

Smoking 31 (25.6%) 31 (28.2%) 0.661{ 0.939 0.705–1.250
90 (74.4%) 79 (71.8%)

T2D 92 (76%) 50 (45.5%) 0.000002**,{ 1.988 1.473–2.878
No T2D 29 (24%) 60 (54.5%)
T2D duration years (‡10) 50 (54.3%) 13 (26%) 0.001**,{ 1.493 1.172–1.902

(<10) 42 (45.7%) 37 (74%)

n = 231.
**p £ 0.01.
{Chi-square test.
KOA, knee osteoarthritis; T2D, type 2 diabetes mellitus.
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Although the link between OA and T2D has been ques-
tioned, some studies have demonstrated that chronic hyper-
glycemia may induce damage in articular cartilage through
several pathways (Laiguillon et al., 2015; Vaamonde-Garcia
et al., 2017). Also, some studies have reported that T2D is
associated to progression and severity of OA, as an inde-
pendent risk factor or as a component of MetS (King et al.,
2013; Schett et al., 2013; Li et al., 2016). In addition, some
studies have also analyzed the association between OA and
T2D, including some comorbidities and markers of glycemic
control such as HbA1c and duration of diabetes (Garessus
et al., 2016). For instance, Nieves-Plaza et al. (2013) found
an association between diabetes and hand-KOA in a popu-
lation of Hispanics from Puerto Rico; however, no significant
differences were observed for disease duration, fasting glu-
cose, and HbA1c levels. Also, Yoshimura et al. (2011) re-
ported the influence of MetS components on presence and
progression of KOA, demonstrating that occurrence and
progression of KOA were related to an accumulative effect of
MetS components, mainly hypertension, higher HbA1c lev-
els, and impaired glucose tolerance.

This study first aimed to evaluate the association of T2D
and primary KOA in a population from north of Mexico and,
second, to compare the SF COMP and control glycemic pa-
rameters concentrations.

Age, gender, menopause, and BMI are well-established
risk factors associated to T2D and KOA (Prieto-Alhambra
et al., 2014; Liu et al., 2018). In agreement with other studies,
our bivariate analyses showed associations between age, fe-
male gender, and menopause with KOA (Nieves-Plaza et al.,

2013; Prieto-Alhambra et al., 2014; Courties et al., 2017).
Interestingly, BMI was not significantly different among
KOA and non-KOA groups; however, we do not underesti-
mate the influence of overweight and obesity as risk factors
for development and progression of KOA. As stated before
(Nieves-Plaza et al., 2013; Schett et al., 2013), T2D shares
some common characteristics to OA such as its chronic
evolution and association with age, overweight, and obesity;
for this reason, an increase in mechanical load on knee is the
underlying mechanism causing damage to articular cartilage
in weight-bearing joints. However, some studies suggested
T2D as an independent risk factor with a metabolic role for
developing KOA (Schett et al., 2013). At this respect, a
possible explanation to our findings is that some shared en-
vironmental factors may influence the development of KOA,
T2D, and obesity. Therefore, an association between KOA
and BMI may be the result of an interaction between other
determinants such as gender, genetic, and hormonal (Manek
et al., 2003; Jiang et al., 2012). Another possible explanation
to this finding is that, by the time of this study, modification in
nutritional and exercise may have influenced this parameter
in subjects with T2D (Barquera et al., 2010).

In addition, our results showed a significant association
between T2D and primary KOA, which was confirmed
through multivariate regression analyses adjusted for cov-
ariates such as age, gender, menopause, and BMI. For this
reason, our findings suggest that T2D may play an indepen-
dent risk factor in the development of KOA.

Nevertheless the inclusion of menopause in third regres-
sion model, along with BMI and age, modified substantially
odds and statistical significance for the T2D as a risk factor
for KOA. This highlights the importance of considering
menopause as a risk factor for knee OA. For example, in a
study by Liu et al. (2018), the lack of estradiol was associated
to KOA in postmenopausal women, through an inflammatory
pathway related to IL-1 and TNF-a.

In accordance with Schett et al. (2013), diabetes duration
may influence the risk for arthroplasty. In our study, diabetes
duration was significantly associated to risk of KOA in both
bivariate and multivariate analyses. This finding suggests that
long lasting T2D could lead to destructive changes in artic-
ular cartilage given that chronic hyperglycemic environment
has deleterious effects on cartilage homeostasis.

COMP has been proposed as a marker for cartilage damage
in OA. The role of COMP, as a potential tool for diagnosis,
prognosis, and monitoring of treatment for OA, has been
reported in several studies (El-Arman et al., 2010; Wang
et al., 2014; Henrotin et al., 2016); however, T2D was not

Table 2. Association of Type 2 Diabetes Mellitus to Knee Osteoarthritis

Factor

Model 1 Model 2 Model 3
Age- and BMI-adjusted

model
Age-, gender-, and BMI-adjusted

model
Age-, BMI-, and menopause-adjusted

model
OR (95% CI) OR (95% CI) OR (95% CI)

T2D 3.574 (1.958–6.525) 3.755 (2.033–6.934) 2.641 (1.118–6.244)
p = 0.000034 p = 0.000024 p = 0.027

Duration of
T2D

4.904 (1.160–20.735)

p = 0.031

Multivariate model (n = 231), adjusted by age (<56 years; ‡56 years), BMI (<27; ‡27), menopause, and gender.

Table 3. Comparative Analysis of Synovial

Fluid Cartilage Oligomeric Matrix Protein

Levels and Fasting Plasma Glucose in the

Knee Osteoarthritis Groups

With and Without Diabetes

Variable
KOA-T2D KOA non-T2D

pn = 92 n = 29

SF COMP
(ng/mL)

1005 (106–2480) 209.5 (99–1809) 0.00035

FPG (mg) 190 (79–768) 90 (69–119) 2.46E-11
HbA1c 8 (5.5–12) NA

Mann–Whitney U test.
NA, not available as this parameter was not measured in this

group.
COMP, cartilage oligomeric matrix protein; FPG, fasting plasma

glucose; HbA1c, glycosylated hemoglobin; SF, synovial fluid.
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considered in those analyses. Thus, we considered that it was
important to assess the presence of diabetes, glycemic control
parameters, and markers of cartilage degradation, given the
important role that this may play in articular cartilage damage
through several pathways (Sellam and Berenbaum, 2013;
Chadha, 2016).

In our study, results showed higher concentrations of SF
COMP, FPG, and HbA1c in patients with T2D and KOA.
These results may suggest a relationship between KOA and
T2D, not only in SF COMP levels but also in chronic hy-
perglycemia in joints.

Interestingly, we observed a higher concentration in SF
COMP levels in non-KOA/T2D group than nondiabetic KOA
and nondiabetic non-KOA groups. This, may be an indicator
of early OA in diabetic subjects without symptoms on knee
joint or severity of OA, given that exposure to high glucose
environment may induce cartilage matrix degradation. A re-
cent study (Neuman et al., 2018) showed the longitudinal
effects of diabetes on cartilage deterioration thorough MR T2
images; in this study, cartilage showed changes related to an
accelerated degeneration of the articular cartilage in the knee.

Recently, Stout et al. conducted a cross-sectional study
among participants without radiographic knee OA. They
concluded that, effusion and structural changes of OA (bone
marrow lesions) may be related to the presence of altered
glucose homeostasis and inflammation (Stout et al., 2018).
These results may support the role of diabetes as a possibly
risk factor for the onset of KOA.

The aforementioned findings may be the result of an in-
crease in AGE production, inflammation and ROS concen-
tration in T2D patients, and chronic hyperglycemia, which

leads to a progressive destruction of articular cartilage, even
without symptoms (Negre-Salvayre et al., 2009; Schwarz
et al., 2017). In a study performed by Šenolt et al. (2005), an
increase in serum pentosidine in OA patients and a correla-
tion with SF COMP were reported, suggesting the role of
AGEs in OA pathology; however, they excluded diabetic
patients in both groups of study.

Our study may present some limitations as we did not
include some other variables such as other MetS components
(e.g., hypertension, type and duration of treatment, severity
of KOA, and sample size, among others). Also, SF COMP
levels showed a wide standard deviation, due to a small
sample size.

However, we tried to overcome these limitations. First, gi-
ven that risk factors for OA are clearly different across joints
(Bierma-Zeinstra and Koes, 2007; Wang et al., 2009), we
performed an analysis for only one joint; second, the diagnosis
of T2D and KOA, as well as non-T2D and non-KOA was
validated by specialized personnel, laboratory, and radiologi-
cal measures and not only self-reported. Finally, as aging,
BMI, and gender are common risk factors for KOA and T2D,
these factors were accounted for when interpreting results.

In our results, no other genetic analyses were made which
may allow us to stratify the study population. It is important
to point out that we also performed determination of mito-
chondrial DNA haplogroups, as this has been previously
discussed by other authors in the past. However, we did not
find an association between KOA and mtDNA.

We conclude that our study may suggest a potential as-
sociation between T2D and primary KOA, which may be
independent of age, BMI, gender, and menopause; also,
longlasting diabetes may have a deleterious effect on artic-
ular cartilage homeostasis, leading to destruction of joint.
These findings are partially supported by an increase in SF
COMP concentrations in T2D subjects. In addition, the re-
sults of this study may have an impact in clinical practice, as
treating T2D may be helpful to minimize levels in glycemic
control parameters, inflammation, and hence SF COMP
levels, OA symptoms, and progression. The glycemic control
parameters and duration of diabetes may be helpful as an
indirect indicator of SF COMP levels, which will help to
prevent the effects of chronic exposition to hyperglycemia
and damage to articular cartilage, and establish preventive
measures in T2D subjects without KOA. It is important to
identify subjects with T2D and high risk of developing KOA
to improve the quality of life and reduce costs to health care.

Table 4. Comparative Analysis of Synovial Fluid

Cartilage Oligomeric Matrix Protein Levels

and Glycemic Parameters in the Diabetic Group

With and Without Knee Osteoarthritis

Variable
T2D KOA T2D non-KOA

pn = 92 n = 50

SF COMP
(ng/mL)

1005 (106–2480) 560 (50–2536) 0.001**

FPG (mg) 190 (79–768) 110 (65–213) 0.0001**
HbA1c 8 (5.5–12) 6.8 (4–11) 0.008**

**p £ 0.01.
Mann–Whitney U test.

Table 5. Comparative Analysis of Synovial Fluid

Cartilage Oligomeric Matrix Protein Levels

and Glycemic Parameters

in the Nondiabetic Group

Variable
KOA non-T2D

Non-KOA non-
T2D

pn = 29 n = 60

SF COMP
(ng/mL)

209.5 (99–1809) 239 (25–596) 0.726

FPG (mg) 90 (69–119) 90 (81–100) 0.829
HbA1c NA NA

Mann–Whitney U test.
NA, not available as this parameter was not measured in this

group.

Table 6. Comparative Analyses of Synovial Fluid

Cartilage Oligomeric Matrix Protein and Fasting

Plasma Glucose in All Study Groups

Variable
SF COMP

(ng/mL) FPG (mg)

KOA-T2D, n = 92 1005 (106–2480) 190 (79–768)
Non-KOA-T2D, n = 50 560 (50–2536) 110 (65–213)
KOA non-T2D, n = 29 209.5 (99–1809) 90 (69–119)
Non-KOA non-T2D,

n = 60
239 (25–596) 90 (81–100)

1.286E-8* 2.621E-17*

*p £ 0.01.
Kruskal–Wallis test.
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Thus, we recommend to perform some experimental and
epidemiological strategies, carefully defining the methodo-
logical approach, including variables of common interest,
which may help us to elucidate more accurately the role of
diabetes in the risk for KOA to increase the confidence of
findings.

Acknowledgments

This work was funded by the Faculty of Medicine, Tor-
reon, Universidad Autonoma de Coahuila, Mexico (P/
PROFOCIE-2014-05MSIJ0010R-12 to RDA) and Instituto
de Ciencia y Medicina Genomica, Torreon, Mexico.

Author Disclosure Statement

The authors declare that they have no commercial asso-
ciation or competing financial interest that might create a
conflict of interests in connection with the submitted article

References

Altman R, Asch E, Bloch D, et al. (1986) Development of
criteria for the classification and reporting of osteoarthritis:
classification of osteoarthritis of the knee. Arthritis Rheum
29:1039–1049.

Atayde SA, Yoshinari NH, Nascimento DP, et al. (2012) Ex-
perimental diabetes modulates collagen remodelling of joints
in rats. Histol Histopathol 27:1471.

Barquera SC, Campos-Nonato I, Rojas R, et al. (2010) Obesity
in Mexico: epidemiology and health policies for its control
and prevention. Gac Med Mex 146:397–407.

Berenbaum F (2012) Diabetes-induced osteoarthritis: from a
new paradigm to a new phenotype. Postgrad Med J 88:240–
242.

Bierma-Zeinstra SM, Koes BW (2007) Risk factors and prog-
nostic factors of hip and knee osteoarthritis. Nat Rev Rheu-
matol 3:78.

Chadha R (2016) Revealed aspect of metabolic osteoarthritis.
J Orthop 13:347–351.

Chen FH, Herndon ME, Patel N, et al. (2007) Interaction of
cartilage oligomeric matrix protein/thrombospondin 5 with
aggrecan. J Biol Chem 282:24591–24598.

Chen YJ, Chan DC, Lan KC, et al. (2015) PPARg is involved in
the hyperglycemia-induced inflammatory responses and col-
lagen degradation in human chondrocytes and diabetic mouse
cartilages. J Orthop Res 33:373–381.

Coggon D, Reading I, Croft P, et al. (2001) Knee osteoarthritis
and obesity. Int J Obes 25:622.

Courties A, Sellam J, Berenbaum F (2017) Metabolic syndrome-
associated osteoarthritis. Curr Opin Rheumatol 29:214–222.

Dawson LP, Fairley J, Papandony M, et al. (2018) Is abnormal
glucose tolerance or diabetes a risk factor for knee, hip, or
hand osteoarthritis? a systematic review. Semin Arthritis
Rheum pii:S0049-0172(17)30726-6.
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