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Abstract

Background: Osteoarthritis (OA) is the most prevalent chronic joint disease in China. The aim of this study was to
examine the association between metabolic syndrome (MetS) and knee OA in a population-based Chinese study.

Methods: Data included in this analysis is from a cross-sectional study, i.e., the Xiangya Hospital Health Management
Center Study. MetS was diagnosed according to the criteria defined by the Chinese Diabetes Society. Radiographic
knee OA was defined as changes equivalent to Kellgren-Lawrence (K-L) grade 2 or above at least one side. Associations
between MetS and its components with OA were evaluated by conducting multivariable adjusted logistic regression.

Results: A total of 5764 participants were included in the present study. The unadjusted OR (1.27, 95%CI: 1.10–1.47,
P = 0.001), age-sex adjusted OR (1.17, 95%CI: 1.01–1.36, P = 0.041) and multivariable adjusted OR (1.17, 95%CI: 1.01–1.36,
P = 0.043) all suggested a positive association between MetS and knee OA. Besides, its components (e.g., overweight,
hypertension and dyslipidemia) were also associated with the prevalence of radiographic knee OA respectively, after
adjusting for some confounding factors. In addition, with the accumulation of MetS components, the prevalence
of knee OA increased. Furthermore, MetS as a whole was associated with the prevalence of knee osteophyte (OSP)
(OR = 1.72, 95%CI: 1.42–2.09, P < 0.001), but not joint space narrowing (JSN) (OR = 1.06, 95%CI: 0.91–1.23, P = 0.449).

Conclusions: The findings of the present study indicated that there was a positive association between the prevalence
of MetS and knee OA. However, MetS as a whole was associated with the higher prevalence of knee OSP, but not JSN,
which should shed light on our understanding the association between MetS and OA.
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Background
Osteoarthritis (OA) is the most prevalent chronic joint
disease and a major cause of pain and disability world-
wide [1]. Although the pathophysiologic mechanisms of
OA are inconclusive, growing evidence has supported
that metabolic factors may contribute to the initiation
and progression of OA process [2]. Epidemiological
studies have demonstrated a positive association be-
tween OA and several metabolic risk factors, such as
dyslipidemia, hyperglycaemia and hypertension [3–5].

Metabolic syndrome (MetS) is a common metabolic
disorder that results from the increasing prevalence of
obesity and associated with an increased risk of cardio-
vascular disease [2, 6]. Recently, metabolic OA has been
nominated as the fifth component of MetS [2], since OA
was classified into three phenotypes including metabolic
OA, age-related OA and injure-related OA [7]. In view
of the shared mechanisms, scholars concluded that MetS
is closely related to OA, and OA is even a part of the
generalized metabolic disorder [2, 7–9].
OA is characterized by the pathologic features of joint

space narrowing (JSN) and osteophyte (OSP) formation.
Because accumulating evidences have shown that these two
abnormalities have distinct etiologic mechanism [10–12], it
would be helpful to elucidate the pathogenesis of MetS or
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OA by gaining more in-depth understanding of the associa-
tions of MetS with JSN and OSP. During the past several
decades, the Chinese population has experienced remark-
able changes in lifestyle as economic development and the
ageing process went on [13]. As a consequence, a variety of
health problems emerged, such as the increase of the preva-
lence of MetS and OA [14–18]. Recently, a case-control
study which included 70 end-stage OA patients and a
matched control group conducted in China revealed a cor-
relation between MetS and OA [19]. However, due to the
small sample size and only grade IV OA being involved in
this study, the possible applicability of the results to the
general Chinese population, as the authors acknowledged,
would be limited. To our best knowledge, no analysis based
on a large sample has examined the association between
MetS and OA regarding general Chinese population.
To bridge the knowledge gap, we used data

collected from a large population-based study (i.e.,
Xiangya Hospital Health Management Center Study)
and examined the relation of MetS and its compo-
nents with the prevalence of radiographic knee OA
and to explore the association between MetS with
OSP and JSN respectively.

Methods
Study population of cross-sectional study
This observational study was conducted in the
Department of Health Examination Center Xiangya
Hospital, Central South University in Changsha, Hunan
Province, China. It was approved by the ethics commit-
tee at Xiangya Hospital, Central South University. Also,
written informed consent was obtained from the partici-
pants in our study. The study design has been published
in peer-reviewed journals [20–22]. Besides, some part of
the detailed methodology, including study population,
assessment of radiographic knee OA, blood biochemical
analyses and assessment of other exposures, in the
present study were also described in our previously pub-
lished work [23–25]. In order to collect information on
demographic characteristics and health-related habits, a
standardized questionnaire was used by registered
nurses to interview all participants during the examin-
ation. As previously described [24], participants were
selected according to the following inclusion criteria:
1) ≥ 40 years old; 2) undergone weight-bearing bilateral
anteroposterior radiography of the knee; 3) availability of
all basic characteristics, including age, gender, body mass
index (BMI), blood pressure etc.; 4) availability of
biochemical test results; 5) availability of information
related to the living habits, including education back-
ground, activity level, smoking, drinking and medication
status. At the beginning, 13,631 subjects were undergone
routine checkups including knee radiography at the
Department of Health Examination Center Xiangya

Hospital, Central South University in Changsha, Hunan
Province, China, from October 2013 to November 2014.
Finally, 5764 participants were included in the present
study (132 diagnosed with other joint diseases based on
radiographic evidence, such as osteochondroma or other
bone tumors; 191 participants were not available of bio-
chemical test results; 440 participants were not available
of basic characteristics; 1207 participants were younger
than 40 years old; 5897 did not offer the information of
living habits).

Assessment of radiographic knee OA
As described in our previous work [21], all subjects in-
cluded in the present cross-sectional study had undergone
weight-bearing bilateral anteroposterior radiography of
the knee. Two orthopedists, blinded to subjects’ basic
information, assessed the radiographs independently by
using the Kellgren-Lawrence (K-L) radiographic atlas. In-
consistent opinions were resolved through discussions.
The weighted kappa coefficient for knee x-Ray scoring
was 0.85 for inter-reader reliability and 0.86 for intra-
reader reliability. The severity of OA was classified into
five grades according to the K-L atlas: 0 = absence of OA;
1 = suspected OA; 2 =minimal OA; 3 =moderate OA; 4 =
severe OA [26]. A participant would be considered as
radiographic knee OA if at least one of his/her knee joint
was graded K-L 2 or above, however, pain was not taken
into account and symptomatic knee OA was not diag-
nosed in the present study. In addition, JSN and OSP were
assessed individually based on a scale of 0–3 (0 = normal;
3 =most severe) according to the Osteoarthritis Research
Society International (OARSI) atlas [27].

Assessment of MetS
MetS was diagnosed according to the Chinese Diabetes
Society (CDS) criteria [28–30]. CDS criteria for MetS
requires 3 items or all of the four items: (1) BMI ≥
25 kg/m2; (2) Fasting plasma glucose (FPG) ≥ 6.1 mmol/
L, or treatment of diagnosed diabetes; (3) Systolic blood
pressure (BP) ≥ 140 mmHg or diastolic BP ≥ 90 mmHg,
or treatment of previously diagnosed hypertension; (4)
Triglycerides ≥1.7 mmol/L and/or HDL-cholesterol
<0.9 mmol/L in male or <1.0 mmol/L in female, or treat-
ment for this lipid abnormality. Besides, the NCEP-
ATPIII (Asian revised version) criteria [31, 32] was also
used to assess MetS and it was based on presence of at
least three of following risk factors: waist circumference ≥
90 cm in men and ≥80 cm in women; triglycerides
≥150 mg/dL (1.7 mmol/L); HDL cholesterol <40 mg/dL
(1.03 mmol/L) in men and <50 mg/dL (1.29 mmol/L) in
women; systolic BP ≥ 130 mmHg, diastolic BP ≥ 85 mmHg,
or currently using antihypertensive medication; and FPG ≥
100 mg/dL (5.6 mmol/L) or currently undergone drug
treatment for blood glucose control.
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Blood biochemistry
All blood samples were drawn after a 12-h overnight fast
and were kept at 4 °C until analysis. The fasting blood
glucose concentration and blood lipid assessment were
performed using a Beckman Coulter AU 5800 (Beckman
Coulter Inc., Brea, CA, USA). The high sensitivity C re-
active protein (hsCRP) was measured by Latex turbidity
method. The inter- and intra-assay coefficients of variation
were tested by low concentrations (2.5 mmol/L for glu-
cose) and high concentrations (6.7 mmol/L for glucose) of
standard human samples. The intra-assay coefficients of
variation were 0.98% (2.5 mmol/L) and 1.72% (6.7 mmol/
L) for glucose. The inter-assay coefficients of variation
were 2.45% (2.5 mmol/L) and 1.46% (6.7 mmol/L) for
glucose.

Assessment of other exposures
Assessment of other exposures was also described in our
previous work [21]. Specifically, blood pressure of each
participant was measured using an electronic sphygmo-
manometer. The weight and height of each participant
was measured respectively to calculate the BMI. Partici-
pants were also asked about their average frequency of
physical activity (never, one to two times per week, three
to four times per week, five times and above per
week) and average duration of physical activity
(within half an hour, half an hour to one hour, one to
two hours, more than two hours) through a standard
questionaire. The smoking and alcohol drinking status
were asked face to face.

Statistical analysis
The continuous data are expressed as mean ± standard
deviation, and the category data are expressed in per-
centage. Differences in continuous data were evaluated
by Mann-Whitney U test, while differences in category
data were assessed by the χ2 test.
Associations between knee OA with MetS and MetS

components in the present cross-sectional study were
evaluated by conducting age-sex adjusted and multivari-
able adjusted logistic regression. The following con-
founding factors were considered to be included in the
multivariable model: age, sex, activity level, smoking sta-
tus, alcohol drinking status and educational background
[33–35]. Sensitivity analysis was conducted through
adding hsCRP into the multivariable model. Associations
between MetS with JSN and OSP were also assessed by
multivariable adjusted logistic regression. We also
assessed the association between OA and the number of
MetS components through multivariable adjusted logis-
tic regression. Moreover, the association between MetS
diagnosed according to the NCEP-ATPIII (Asian revised
version) criteria was examined. Crude OR, age-sex-BMI
adjusted OR and multivariable (BMI, age, sex, activity

level, smoking status, alcohol drinking status and educa-
tional background) adjusted OR and their related 95%CI
were calculated for evaluating the associations. Besides,
the association between MetS and radiographic severity
of knee OA was also examined.

Results
As previously described [23], a total of 5764 subjects
were included in the present cross-sectional study. The
characteristics of the study population in terms of knee
OA status were illustrated in Table 1. The overall preva-
lence of OA and MetS in the target population was
29.0% and 17.7%, respectively. The prevalence of MetS
in knee OA subjects (20.3%) was significantly higher
than non-knee OA subjects (16.6%) (P = 0.001). Signifi-
cant differences were observed between knee OA and
non-knee OA subjects in terms of the age, sex, BMI,
fasting glucose, blood pressure, HDL-cholesterol, and
triglyceride.
Outcomes of unadjusted, age-sex adjusted and multi-

variable adjusted associations (age, sex, activity level,
smoking status, alcohol drinking status and educational
background) between MetS and knee OA were shown
in Table 2. The unadjusted OR (1.27, 95%CI: 1.10–
1.47, P = 0.001), age-sex adjusted OR (1.17, 95%CI:
1.01–1.36, P = 0.041) and multivariable adjusted OR
(1.17, 95%CI: 1.01–1.36, P = 0.043) all suggested a positive
association between MetS and OA. In addition, all the
MetS components except for hyperglycaemia in the age-
sex adjusted and multivariable adjusted models were

Table 1 Basic characteristics of included subjects according to
OA status (n = 5764)

OA subjects Non-OA subjects P

Participants (n) 1669 4095 –

MetS (%) 20.3 16.6 0.001

Age (years) 55.84 (8.01) 51.81 (6.84) <0.001

BMI (kg/m2) 24.84 (3.36) 24.36 (3.14) <0.001

Female (%) 43.3 46.8 0.018

Smoking (%) 21.2 22.5 0.251

Alcohol drinking (%) 37.1 38.9 0.223

High school diploma (%) 46.2 47.7 0.306

Activity level (h/w) 2.49 (3.71) 2.20 (3.43) 0.069

Fasting glucose (mmol/l) 5.81 (1.74) 5.66 (1.62) <0.001

systolic pressure (mm Hg) 128.56 (17.20) 125.40 (17.49) <0.001

Diastolic pressure (mm Hg) 80.62 (11.39) 79.92 (12.13) 0.008

HDL-cholesterol (mmol/l) 1.49 (0.38) 1.52 (0.40) 0.041

Triglyceride (mmol/l) 1.96 (1.85) 1.93 (1.81) 0.476

HsCRP (mg/l) 2.30 (4.95) 2.39 (5.56) 0.755

OA, osteoarthritis; MetS, metabolic syndrome; BMI, body mass index; HDL,
high-density lipoprotein; hsCRP, high sensitivity C reactive protein
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associated with knee OA. In the two aforementioned
models, the association between hyperglycaemia and knee
OA approached significant. The relationships between the
accumulation of MetS components and the prevalence of
radiographic knee OA were presented in Table 3. Gener-
ally, the prevalence of knee OA increased with the
accumulation of MetS components. The multivariable ad-
justed ORs are as follows: one component, 1.36, 95%CI:
1.14–1.61, P = 0.001; two components, 1.99, 95%CI: 1.67–
2.38, P < 0.001 and three or more components, 2.12,
95%CI: 1.74–2.57, P < 0.001.
The result of sensitivity analysis shown that the

multivariable adjusted association between MetS and
knee OA remained significant after adding hsCRP
into the multivariable model (OR, 1.45, 95%CI: 1.12–
1.87, P = 0.004). The associations between MetS and
its components with JSN and OSP were shown in
Table 4. Only MetS as a whole was associated with
knee OSP (OR = 1.72, 95%CI: 1.42–2.09, P < 0.001),
but not JSN (OR = 1.06, 95%CI: 0.91–1.23, P = 0.449).
In addition, overweight (OR = 1.26, 95%CI: 1.11–1.43,
P < 0.001) and dyslipidemia (OR = 1.18, 95%CI: 1.05–
1.33, P = 0.005) were associated with JSN; overweight
(OR = 1.61, 95%CI: 1.36–1.90, P < 0.001) and hypertension
(OR = 1.24, 95%CI: 1.06–1.46, P = 0.009) were associated
with OSP. It should be noted that the positive association
between MetS and radiographic knee OA also existed
(crude OR = 1.29, 1.14–1.49, P < 0.001; age-sex-BMI ad-
justed OR = 1.14, 95%CI: 1.10–1.29, P = 0.058; multivariable

adjusted OR= 1.14, 95%CI: 1.00–1.30, P = 0.052) when
MetS was diagnosed based on the NCEP-ATPIII (Asian re-
vised version) criteria. Besides, MetS was also associated
with radiographic severity of knee OA (multivariable ad-
justed OR= 1.12, 95%CI: 0.99–1.27, P = 0.08).

Discussion
Based on a relatively large-scale population-based cross-
sectional study, it was found that MetS and its compo-
nents (e.g., overweight, hypertension and dyslipidemia)
were associated with the prevalence of radiographic knee
OA in a Chinese population with adjustment of a
number of confounding factors. With the accumula-
tion of MetS components, the prevalence of knee OA
increased. The positive association remained signifi-
cant after adding hsCRP into the multivariable model.
In addition, MetS as a whole was only associated with
knee OSP, but not JSN.
Notably, the present study found that MetS as a whole

was associated with knee OSP, but not JSN, which is
consistent with a previous cross-sectional study. In that
study, Yoshimura et al. illustrated that the number of
MetS components (e.g., overweight, hypertension, dys-
lipidemia, and impaired glucose tolerance) were posi-
tively related to OSP but not JSN [36]. This may be
explained by some mediators like adipocytokines, which
are involved in many metabolic processes in the body
[37]. Besides, some animal studies also support our find-
ings. Mooney et al. [38] and Iwata et al. [39] have

Table 2 Associations between MetS and OA in the present cross-sectional study (n = 5764)

Model 1a Model 2a

Unadjusted OR 95%CI P Adjusted OR 95%CI P Adjusted OR 95%CI p

MetS as a whole 1.27 1.10–1.47 0.001 1.17 1.01–1.36 0.041 1.17 1.01–1.36 0.043

MetS components

Overweight 2.85 2.54–3.21 <0.001 2.14 1.89–2.43 <0.001 2.15 1.90–2.44 <0.001

Hyperglycaemia 1.36 1.18–1.57 <0.001 1.15 0.99–1.33 0.067 1.15 0.99–1.33 0.066

Hypertension 1.45 1.29–1.63 <0.001 1.23 1.09–1.40 0.001 1.23 1.09–1.40 0.001

Dyslipidemia 1.53 1.37–1.72 <0.001 1.33 1.18–1.50 <0.001 1.33 1.18–1.50 <0.001

MetS, metabolic syndrome; OA, osteoarthritis;
aModel 1 was adjusted for age and sex; Model 2 was adjusted for age, sex, activity level, smoking status, alcohol drinking status and educational background

Table 3 Associations between number of MetS components and OA in the present cross-sectional study

N (%) OA (%) Adjusted OR 95%CI p

Without MetS component 1640 (28.5) 292 (17.8) 1.00 reference –

With one MetS component 1709 (29.6) 446 (26.1) 1.36 1.14–1.61 0.001

With two MetS components 1396 (24.2) 508 (36.4) 1.99 1.67–2.38 <0.001

With three or four MetS components 1019 (17.7) 423 (41.5) 2.12 1.74–2.57 <0.001

MetS, metabolic syndrome; OA, osteoarthritis;
Multivariable model was was adjusted for age, sex, activity level, smoking status, alcohol drinking status and educational background
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demonstrated that high-fat diet increased the OSP diam-
eter or volume in OA or type 2 diabetic mouse
models. Similarly, Munter et al. [40] showed that the
accumulation of low density lipoprotein within syn-
ovial lining cells led to increased activation of syno-
vium and OSP formation. This interesting finding of
the present study may give evidence to a better un-
derstanding of the pathogenesis of OA.
In addition to high prevalence of OA [18, 36, 41–44],

Asian countries especially China, Japan and Korea are
facing growing pressure of increasing prevalence of
MetS, particular due to the dramatic changes in lifestyle
in recent years [45, 46]. The study conducted by Gandhi
et al. [47] showed that the prevalence of MetS in the
Asian population was even higher than that in the white
and black population. However, to the best of our know-
ledge, there was no large sample study yet examining the
association between MetS and OA in the Chinese popula-
tion. This is the first relatively large-scale study showing
evidence that MetS diagnosed by the Chinese Diabetes So-
ciety criteria was associated with radiographic knee OA in
the Chinese population. We speculate that the incidence
and progression of MetS and OA are couple with each
other including the severity of both diseases. This should
be confirmed by further prospective cohort studies.
Among a variety of possible shared mechanisms be-

tween MetS and OA, chronic low-grade inflammation
may be the most important one. An increasing number
of researchers regarded MetS and OA as the low-grade
inflammatory conditions, which were assessed by hsCRP
levels sensitively [48]. However, the present cross-
sectional study indicated that the multivariable adjusted
association between MetS and knee OA remained un-
changed after adding hsCRP into the multivariable
model. This suggests that chronic low-grade inflamma-
tion may not be a very important mediator between
MetS and OA. However, hsCRP is not the only marker
of low-grade inflammation state, and other biomarkers
of it should be examined in further studies exploring the

association between MetS and OA. Interestingly, knee
OA and MetS were associated regardless of BMI accord-
ing to the NCEP-ATPIII (Asian revised version) criteria
in the present study. The result is consist with a previ-
ous prospective cohort study [49] which showed that
MetS was associated with increased risk of severe knee
OA, independent of BMI. However, several previous
studies [35, 50] also showed that the association between
MetS and OA may mainly mediated by BMI. The dispar-
ities exist in these studies may be explained by the differ-
ence among population involved, and further cohort
studies are needed to confirm it in the Chinese
population.
There are still some limitations to this study. The

cross-sectional design precludes causal correlations, so
further prospective studies and intervention trials should
be undertaken to establish a causal association between
MetS and knee OA. Besides, pain was not taken into ac-
count in the present study and, therefore, the association
between MetS and symptomatic knee OA cannot be ex-
amined. The present study also has several strengths.
This is the first relatively large-scale study examined the
association between MetS and OA in the Chinese popu-
lation, and the first suggesting that MetS as a whole was
associated with OSP, but not JSN. Meanwhile, several
MetS definitions, including CDS criteria and NCEP-
ATPIII (Asian revised version) criteria were used to
assess MetS. In addition, the multivariable model was
adjusted by a considerable number of potential con-
founding factors, especially hsCRP, which greatly im-
proved the reliability of the results.

Conclusions
The findings of the present study indicated that there
was a positive association between the prevalence of
MetS and knee OA. However, MetS as a whole was asso-
ciated with the higher prevalence of knee OSP, but not
JSN, which should shed light on our understanding the
association between MetS and OA.

Table 4 Associations between MetS and its components with JSN and OSP in the present cross-sectional study (n = 5764)

MetS Overweight Hyperglycaemia Hypertension Dyslipidemia

JSN

Adjusted OR 1.06 1.26 1.10 1.03 1.18

95%CI 0.91–1.23 1.11–1.43 0.95–1.27 0.91–1.17 1.05–1.33

P 0.449 <0.001 0.197 0.626 0.005

OSP

Adjusted OR 1.72 1.61 1.16 1.24 1.16

95%CI 1.42–2.09 1.36–1.90 0.96–1.40 1.06–1.46 0.99–1.36

P <0.001 <0.001 0.132 0.009 0.065

MetS, metabolic syndrome; OA, osteoarthritis; JSN, joint space narrowing; OSP, osteophyte;
Multivariable model was adjusted for age, sex, activity level, smoking status, alcohol drinking status and educational background
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