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Metabolic Syndrome Increases the Prevalence of
Spine Osteoarthritis

Rajiv Gandhi, MD, Kenneth M Woo, MBBS, Michael G Zywiel, MD, Y Raja Rampersaud, MD

Division of Orthopaedic Surgery, Toronto Western Hospital, University of Toronto, Toronto, Ontario, Canada

Objective: To determine whether the prevalence of severe spinal osteoarthritis (OA) increases with the number of
metabolic syndrome (MetS) risk factors.

Methods: Data from a single surgeon’s high volume, spine surgery practice were reviewed. Severe OA was defined
as degenerative spondylolisthesis or cervical or lumbar stenosis causing neurologically based symptoms and early OA
as lumbar and cervical spondylosis causing axial pain only. Logistic regression modeling was used to determine the
odds (adjusted for age and sex) of having severe spine OA with more numerous MetS risk factors.

Results: Severe spinal OA was identified in 839/1502 patients (55.9%) and early OA in the remaining 663 individuals
(44.1%). The overall prevalence of MetS was 30/1502 (2.0%): 26/839 (3.1%) in the severe OA group and 4/663
(0.6%) in the early OA group (P = 0.001). Presence of all four MetS risk factors was associated with almost quadruple
the odds of having severe OA as compared with absence of risk factors (OR 3.9 [1.4-11.6], P < 0.01).

Conclusion: The components of MetS are more prevalent in subjects with severe spinal OA than in those with
spondylosis causing axial pain. Future study of the association between MetS and the incidence of OA is required.
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Introduction
Metabolic syndrome (MetS), a concurrence of disturbed
glucose and insulin metabolism, overweight and
abdominal fat distribution, mild dyslipidemia, and hyperten-
sion, is reportedly a risk factor for a number of chronic ill-
nesses such as cardiovascular disease (CVD), including
myocardial infarction and stroke', and dementia®. Moreover,
the individual risk factors that make up MetS (central obesity,
diabetes, high blood pressure and dyslipidemia) have been
shown to be independently associated with degenerative joint
disease’. It has been postulated that MetS-associated athero-
matous vascular disease, small vessel occlusion, and venous
stasis may predispose patients to subchondral bone ischemia,
leading to poor nutrient and gas exchange in articular carti-
lage*'®. Further ischemia leads to osteocyte apoptosis and
increased stiffness of subchondral bone, thereby leading to the
articular cartilage layer being vulnerable to damage from

impact loads''">. Combined, these factors may predispose

patients with MetS to developing osteoarthritis (OA).

Obesity is now regarded as a mild, chronic inflammatory
state in which white adipose tissue (WAT) releases proin-
flammatory cytokines such as tumor necrosis factor-a and
interleukin-6 into the systemic circulation*™". Insulin resis-
tance potentiates systemic inflammation through increased
lipolysis of abdominal fat and high systemic concentrations of
free fatty acids”. Systemic inflammation is further promoted
by release from WAT of the peptide hormone leptin®*'®, which
is strongly believed be the metabolic link between obesity and
joint degeneration'. This marked inflammatory state has been
linked to chondrocyte apoptosis and cartilage matrix degen-
eration’”*' and may represent an additional mechanism for the
increased risk of OA in patients with MetS.

Although most investigations of associations between
Mets and OA have focused on the appendicular skeleton, spinal
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degeneration (e.g. synovial facet joints) is in many ways
similar, if not identical, to extremity joint OA, and thus is likely
to be associated with, and influenced by, similar factors*. A
number of investigators have examined the relationship
between MetS risk factors and spine OA*%. However, the
capacity of MetS to predict the incidence or prevalence of this
disease has not been studied. In the present study, we asked
whether the prevalence of spinal OA increases with the
number of MetS risk factors. We hypothesized that the preva-
lence of severe spinal OA causing neurogenic symptoms would
be greatest in individuals with all four MetS risk factors and
that individuals with spondylosis causing axial pain would
have fewer MetS risk factors.

Materials and Methods

ata from all patients who presented between 2002 and

2007 to a high volume, single surgeon, tertiary referral
spine surgery practice were retrospectively reviewed. All
patients were over the age of 18 years and had presented for
consultation for degenerative spinal conditions. All partici-
pants gave informed consent to participate in this study, which
was approved by the local Research Ethics Board.

For each patient, relevant clinical data of age, sex and
body mass index (BMI) were reviewed. BMI was defined as
body weight in kilograms (kg) divided by the square of height
in meters. Medical comorbidities were collected by patient
self-report on a standardized pre-consultation questionnaire,
as well as through medication review. The final study cohort of
1502 patients comprised all individuals for whom complete
clinical and comorbidity data were available out of a total of
1836 that were screened for eligibility (82%). The mean age
of these patients was 55.3 years (SD = 15.5), with a mean BMI
of 27.4kg/m?* (SD = 5.2). Fifty percent of the patients were
male.

Because the significance of insulin resistance is debated,
there is no consensus on the definition of MetS. The World
Health Organization defines MetS as insulin resistance (type 2
diabetes, impaired fasting glucose, or impaired glucose toler-
ance) plus any two of the following””: (i) blood pressure of at
least 140/90 mm Hg; (ii) plasma triglyceride concentration of
at least 150 mg/dL; (iii) high-density lipoprotein (HDL) not
exceeding 35 mg/dL (male) or 40 mg/dL (female); (iv) BMI of
at least 30 kg/m* and/or waist-hip ratio 0.9 (male) or >0.85
(female); and (v) urinary albumin of at least 20 mg/min,
albumin-creatinine ratio of at least 30 mg/g. The National
Cholesterol Education Program’s Adult Treatment Panel III
report (ATP III) defines MetS as three or more of the following
risk factors®: (i) waist circumference: >102 cm (male) or
288 cm (female); (ii) plasma triglyceride concentration of at
least 150 mg/dL; (iii) HDL cholesterol <40 mg/dL (male) or
<50 mg/dL (female); (iv) blood pressure of at least 130/85 mm
Hg; and (v) fasting blood glucose concentration of at least
100 mg/dL.

Waist circumference and laboratory values of choles-
terol, fasting glucose and blood pressure were not routinely
collected as part of our dataset. Consequently, MetS was
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defined in our patients as BMI 230 kg/m* and patient self-
report of diabetes, hypertension and hypercholesterolemia.

Patients with spine OA clearly associated with neurologi-
cal signs and symptoms of cervical/lumbar stenosis were clas-
sified as having severe OA. Symptoms of cervical stenosis
included myelopathy and or radiculopathy (due to foraminal
stenosis). Symptoms of lumbar stenosis included neurogenic
claudication in the lower extremities with or without neuro-
logical deficits. Patients with degenerative spondylolisthesis
were also considered to have severe spinal OA. Those with
spondylosis or lumbar/cervical degenerative disc disease with
axial pain only (i.e. no extremity or cord-based stenotic symp-
toms) were classified as having mild OA. Patients with cervical
or lumbar radiculopathy due to acute disc herniation, isthmic
spondylolisthesis, primary coronal or sagittal deformity, or
inflammatory, infectious, traumatic or tumor-related spinal
disorders were excluded. Patients with multifactorial chronic
pain disorders were also excluded.

Statistical Analysis

Continuous data such as age and BMI were compared between
groups using Student’s ¢-test following normality testing. Con-
tinuous variables are expressed as means and standard devia-
tions. Categorical data such as sex and prevalence of MetS are
expressed as frequencies and were compared using Fisher’s
exact test.

Logistic regression modeling was used to examine the
relationship between the number of MetS risk factors and the
prevalence of severe spinal OA. Patients were categorized
according to how many MetS risk factors they had (i.e. none,
one, two, three or four). The group with no risk factors was
designated as the reference group. All odds ratios (OR) were
adjusted for age and sex.

All statistical analyses were performed using the SPSS
version 13.0 (Chicago, IL, USA) software package. Odds ratios
for regression modeling and their 95% confidence intervals (CI)
are reported. All reported Pvalues are 2-tailed with an o of 0.05.

Results
he overall prevalence of severe spinal OA in the study
cohort was 839/1502 (55.9%). Patients with severe spinal
OA were significantly older, included a greater percentage of
females, and had higher BMIs than those with early spinal OA
(P < 0.05, Table 1). The prevalence of severe spinal OA varied
according to the number of MetS risk factors as follows: 353/
748 (47.2%) in those with no MetS risk factors; 236/392
(60.2%) in those with one MetS risk factor; 148/228 (64.9%) in
those with two MetS risk factors; 76/104 (73.1%) in those with
three MetS risk factors; and 26/30 (86.7%) in those with all
four MetS risk factors. The overall prevalence of MetS was
30/1502 (2.0%), comprising 26/839 (3.1%) in the severe OA
group and 4/663 (0.6%) in the early OA group (P = 0.001).
Logistic regression modeling showed that the odds of
having severe spinal OA increased with increasing number of
MetS risk factors, relative to patients with no risk factors
(Fig. 1). Patients with MetS had almost quadruple the odds of
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TABLE 1 Unadjusted analysis comparing relevant clinical data between patients with and without severe spinal OA

Index Early OA (663 cases) Severe OA (839 cases) P
Age (mean £ SD, yrs) 49.8 £ 15.0 58.8 + 14.8 <0.05
Male (%) 53 48 0.03
BMI (mean * SD, kg/m?) 26.7 (5.1) 27.7 (5.2) <0.05
Prevalence of DM (cases [%]) 59 (9) 99 (12) 0.03
Prevalence of HTN (cases [%]) 173 (26) 335 (40) <0.05
Prevalence of HCL (cases [%]) 93 (14) 196 (23) <0.05
Prevalence of MetS (cases [%]) 4 (0.6) 26 (3.1) <0.05
BMI, body mass index; DM, diabetes mellitus; HCL, hypercholesterolemia; HTN, hypertension; MetS, metabolic syndrome; OA, osteoarthritis; SD, standard
deviation.

having severe spinal OA when compared to those with no MetS
risk factors, adjusted for age and sex (OR 3.9 [1.4-11.6],
P <0.01] (Fig. 1).

Discussion
n the 1920’s, Kylin described a clustering of metabolic risk
factors including hypertension, hyperglycemia, and gout®.
Twenty years later, it was noted that central obesity was com-
monly associated with the chronic diseases of diabetes and
CVD?; these observations have contributed to our present
understanding of MetS. All of the individual risk factors of
obesity, hypertension, impaired fasting glucose and hypercho-
lesterolemia have now been shown to have independent rela-
tionships with cartilage degeneration®”, a hallmark of OA. The
present study showed that the presence of a greater number of
MetS risk factors is associated with increasing odds of severe
spinal OA. Furthermore, the presence of all four risk factors
significantly increases the odds of severe spinal OA over that of
patients without any risk factors.
Our findings indicate that the impact of the MetS is
greater than simply a cumulative effect of the four individual
risk factors and confirms the World Health Organization state-
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Fig. 1 Odds ratios for the prevalence of severe spinal osteoarthritis
by number of metabolic syndrome risk factors compared to controls.

ment that these metabolic factors become more “powerful”
in combination®®'. Klein et al. examined the relationship
between the number of MetS risk factors and the incidence of
CVD™. Similar to our findings, they reported that increasing
odds of disease were associated with a higher number of risk
factors, four risk factors having double the odds of disease of
three risk factors®. However, to the best of our knowledge, the
present study is the first to evaluate the potential impact of
MetS in patients with spine OA.

The pathogenesis of degenerative disc disease is believed
to be mediated through atherosclerosis and insufficient blood
supply™. A systematic review of this topic summarized find-
ings from post-mortem and clinical studies and concluded
that stenoses of the middle sacral and fourth lumbar arteries
are highly correlated with lumbar disc degeneration.
However, clinical studies suggest a more multifactorial causa-
tion, several studies demonstrating associations between
smoking®*, high blood pressure**, high cholesterol*** and
low back pain (LBP).

Obesity has been well established as a risk factor for OA
of weight bearing joints such as hips and knees, mechanical
overload being the causative link**?*. However, studies have
also identified obesity as a predictor of OA in non-weight
bearing joints such as those of the hand, supporting the influ-
ence of a systemic metabolic effect whereby WAT secretes
inflammatory mediators into the systemic circulation and
these directly impact cartilage degeneration®***". Assessment
of the role of inflammatory mediators in inter-vertebral disc
degeneration has consistently shown that cytokines such as
tumor necrosis factor-o, interleukin-6, and nitric oxide are
present at higher concentrations in degenerative discs and
likely play a role in disease progression*'.

Published reports concerning the relationship between
obesity and spine OA are inconsistent®*****, Despite the fre-
quent use of BMI as a measure of habitus, some of the meth-
odologically strongest longitudinal studies have found that
BMI is not a predictor of progression of disc degeneration™*.
However, because visceral and truncal fat is believed to be the
most metabolically active fat, other measures of habitus such as
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waist-hip ratio or waist circumference may best reflect the
biochemical association between habitus and OA. Studies have
shown that waist circumference, independent of BMI, best
predicts the risks of hypertension, dyslipidemia and myocar-
dial infarction***.

The relationship between metabolic factors and knee OA
has been examined. Using a cross sectional study design, Hart
et al. reported that hypertension, hypercholesterolemia and
high blood glucose concentrations were associated with
increased prevalence of knee OA in female subjects, indepen-
dent of BMI*. In contrast, Martin et al. found that this rela-
tionship was no longer significant after adjusting for age and
BMIY. These findings lend support to the postulate that OA
has a systemic and metabolic causative component, rather than
being dependent on BMI alone.

The overall prevalence of MetS in our study subjects was
2%. In contrast, using the ATP III definition, the estimated
prevalence of MetS is 22% in the general population of the
USA™, 25% in the general Canadian population® and 10%
in the general French population®. Several factors may explain
the difference in the prevalence of MetS between our study and
the general population. First, because we did not measure
serum lipid or blood glucose concentrations, a number of
patients with true MetS may have been allocated to the non-
MetS group. Second, it has been estimated that the prevalence
in the general Canadian population of undiagnosed diabetes is
as high as 5%', of undiagnosed dyslipidemia 9%, and of
hypertension 12%. Because we relied on patient self-
reporting of comorbidities, it is again possible that we failed to
correctly identify a number of patients who did indeed have
MetS. Third, because we relied on BMI as a measure of truncal
obesity rather than waist circumference, a number of patients
with true MetS may have been allocated to the non-Mets
group. Finally, we did not adjust for the effect of ethnicity in
our regression model, although the prevalence of MetS is
known to vary by ethnicity®. In particular, South Asian and
East Asian individuals are believed to develop metabolic
abnormalities at a lower BMI and waist circumference than
other ethnic groups®*; thus, some of these patients may be
incorrectly classified as not having MetS. However, all of these
possibilities would have led to underdiagnosis, thus resulting
in under-estimation of the association between MetS and the
odds of severe spine OA, suggesting that the true magnitude of
association may be even greater than we identified. In addition,
our study cohort was pre-selected by presentation to a tertiary
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referral center with symptoms severe enough to warrant sur-
gical assessment; some of them had been pre-screened for
the presence of pathology potentially amenable to surgical
management.

Degenerative spine OA is a multifactorial process, with
contributions from both systemic and local factors, and it is
possible that the relative contributions of these factors vary
based on severity of disease. Thus, our cohort may not be
representative of the larger population of patients with back or
neck pain and may therefore have a significantly different
prevalence of MetS than the general population. This possibil-
ity is supported by Gandhi et al.’s report of a prevalence of
MetS of 9.2% in their study of patients having elective knee
replacements®. This prevalence is substantially lower than
would be expected in the general population, suggesting that
the phenomenon of underrepresentation of subjects with
MetS is not isolated to patients with severe spinal OA. In addi-
tion, our patients’ mean age is more than 10 years less than that
of the patients with knee OA reported by Gandhi ef al. The
prevalence of MetS is known to increase with age, one study
citing a prevalence that increased from 6.7% among those aged
20-29 years up to 42.0% for those aged 60 and older®. Thus,
the relatively young age of our study cohort may partly explain
the lower prevalence of MetS.

We wish to emphasize that our study does not establish a
“cause and effect relationship” between metabolic risk factors
and spine OA, but rather demonstrates a cross-sectional asso-
ciation. Further assessment of population-based prevalence
(e.g. comparison of the incidence of MetS in individuals with
and without spinal symptoms/degeneration) and longitudinal
studies would help clarify whether these combined risk factors
are predictors of disease. Given the enormous societal burden
associated with symptomatic spinal degeneration, we strongly
believe that this probable association warrants further investi-
gation. This would be particularly prudent given the poten-
tially modifiable nature of some of the risk factors associated
with MetS.

In conclusion, the components of MetS are more preva-
lent in patients with severe spinal OA causing neurological
symptoms than in those with spondylosis causing axial pain.
Further longitudinal studies will help to clarify whether these
metabolic factors play a causative role in the incidence of
spinal OA. Lifestyle modification and aggressive primary care
management of these risk factors may have an influence on the
prevalence of spinal degeneration.
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