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Abstract- Knee osteoarthritis (OA) is a common osteoarticular disease. Its prevalence increases with age, as
well as the coexistence of other chronic diseases. Recent research has revealed an association between OA
and cardiovascular diseases. However, the association between knee OA and comorbidities has not been fully
studied. Therefore, the purpose of this study was to investigate the association between knee OA and
comorbidities. In this cross-sectional study, patients with knee OA were enrolled. Sociodemographic data, as
well as comorbidities, were collected. Grading of knee OA was performed using the Kellgren-Lawrence (KL)
grading system. The functional impact of knee OA was assessed by KOOS-Physical Function Shortform
(KOOS-PS). This study assessed 104 patients with knee OA (10 men and 94 women). The mean age was
65.83+11.08 years. Mean VAS pain was 6.56+1.72. Mean KOOS-PS was 15.58+6.73. Up to 81 patients
(77.9%) had severe knee OA, according to the KL grading system. Comorbidity was noted in 92 cases (88%).
The most frequent comorbidities were obesity (62.5%), hypertension (61.5%), and dyslipidemia (43.3%).
Comorbidities in knee OA were associated with age (P=0.04), axial deviation in the sagittal plane (P=0.01),
neuropathic pain component (P=0.02), and VAS pain (P=0.04). Our study also showed a significant
correlation between comorbidities and structural grading of knee OA (P=0.04). However, comorbidities were
not correlated with the KOOS-PS score (P=0.06). The accumulation of comorbidities is significantly
associated with higher intensity scores in knee OA. Physicians should additionally pay close attention to the

prevention and treatment of comorbidities in the routine management of OA.
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Introduction

Osteoarthritis (OA) is the most frequent form of
arthritis that presents with joint pain and stiffness and
reduces the patient’s function and quality of life (1). Its
natural history is still poorly understood. It is a
heterogeneous group of arthritis sharing radiographic
features and symptoms with a multifactorial etiology
(2,3). OA of the knee is one of the most common sites of
OA, with a prevalence of over 250 million people in the
world (4). The prevalence of knee OA is expected to rise

in the future due to the increasing prevalence of obesity
and the growing aging populations (5). Risk factors for
knee OA include age, obesity, menopause as well as
genetic variations (6,7). However, recent research has
suggested that other factors, such as neuroendocring,
cardiovascular, and metabolic factors, may play a role in
the pathogenesis of knee OA (8). It has been reported
that patients with OA have a number of cardiovascular
risks (CVR) factors such as restricted physical activity
(9), depressive symptoms (10), metabolic abnormalities
such as diabetes (11), hypertension (12), and metabolic
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syndrome (SM) (13,14). Since OA shares several risk
factors with cardiovascular diseases (CVDs), people
with OA are more likely to develop comorbidities than
the general population (15). Some studies linked OA to
CVDs and comorbidities on the basis that OA is a
metabolic disease as well as a mechanical disease
(16,17). In fact, it has been reported that OA may be
associated with excessive proinflammatory cytokine
production with atherogenic effects. This inflammatory
process contributes to wvascular inflammation and
atherosclerosis, resulting thus in the development of
CVDs such as hypertension, myocardial infarction, heart
failure, and cerebrovascular disease (18).

Researchers have studied the association between
diabetes, obesity and cardiovascular risk with the
development of OA. However, most studies only
investigated the association between individual
metabolic and cardiovascular conditions and OA
(5,11,12,19-21). The association between knee OA and
comorbidities has not been fully studied. Therefore, the
aim of the present study was to investigate the
association of comorbidities with the development of
knee OA. In addition, the study attempted to evaluate
the impact of these comorbidities on the structural
severity of knee OA and their functional impact.

Materials and Methods

Study design and patients

Patients underwent their regular consultation in the
outpatient clinic of our rheumatology department, those
diagnosed with knee OA according to the criteria of the
European League Against Rheumatism (EULAR) (22)
were included in our cross-sectional study. The
inclusion criteria were patients over the age of 18 with
knee OA. Exclusion criteria were: history of knee
trauma or surgery, knee arthroplasty, pregnancy, chronic
inflammatory  disease, fibromyalgia, acute/chronic
central nervous system disease, rheumatic or metabolic
bone disease, active inflammation, patients under
treatment due to malignancy, known diabetic neuropathy
and cognitive or psychiatric disorders. The study was
approved by the Hospital local medical Ethic Committee
and all patients gave their written informed consent for
the study.

Investigated variables

Sociodemographic data was collected. Data on
health-related risk factors (smoking status, physical
activity, and alcohol consumption) were collected.
Physical activity and alcohol consumption were self-
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reported as categorical variables ‘physical activity >30
minutes by day’ (yes/no). The following data on
comorbidities were documented for each patient:
diabetes, hypertension, hypercholesterolemia,
hypertriglyceridemia, obesity, CVDs (coronary heart
disease, stroke, and obliterating arteriopathy of the lower
limbs), gout, depression, Peripheral vessel disease,
respiratory pathology, and gastrointestinal
comorbidities. Patients were divided into two groups:
group 1 (patients without comorbidities) and group 2
(patients with comorbidities).

Axial deviation in the frontal (varum/valgum) and
sagittal (flessum/recurvatum) planes were noted. We
also noted the site of knee OA (femorotibial/femoro-
patellar). Mean disease duration and other OA
localizations (spine, hand, hip) were recorded.

Knee OA was assessed using plain anterior-posterior
and lateral radiographs of the knees, and the grading of
knee OA was performed using the Kellgren-Lawrence
(KL) grading system (23). Patients with KL grade 3 or
greater were defined as having severe knee OA. The
pain was assessed using the Visual Analogue Scale
(VAS). The neuropathic pain component was assessed
using the Arabic version of the Neuropathic Pain
Diagnostic Questionnaire (DN4) (24). A score of 4 or
more indicates the presence of neuropathic pain. The
functional impact of knee OA was assessed by KOOS-
Physical Function Shortform (KOOS-PS) (25).

Statistical analysis

Statistical analysis was performed using the
Statistical Package for the Social Sciences software
(SPSS) version 11.5. Data were expressed as a range,
mean and standard deviation. For the analytical study,
we divided patients into two groups: group 1 (without
comorbidities) and group 2 (with comorbidities), and we
compared them. The correlation between two
quantitative variables was performed using the Pearson
test and between two qualitative variables using the
Chi2 test. The Student’s test was used to study the
association between a qualitative and a quantitative
variable. In the case of small numbers, the Mann and
Whitney test was used. The significance threshold in all
the statistical tests was set at 0.05.

Results
There were 104 patients in our study compound of
10 men and 94 women with an average age of

65.83+11.08 years. The mean disease duration was 3.5
years (3months-20 years). Mean body mass index (BMI)
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was 31.64+6.27 kg/m% 82 cases (78.8%) were smokers. Sociodemographic characteristics of patients
overweight (>25 kg/m?). Eighty-seven patients were are presented in (Table 1).
physically active (82.7%). Four patients (3.9%) were

Table 1. Sociodemographic characteristics:
Characteristics

Age in years (meanSD) 65.3+11 (37-95)
Female, n (%) 94 (90.4)
Duration of knee OA (mean+SD) 3.4%3 (2 months- 20years)
Socio- High 67(64.4)
economic
class: n, (%) Low 37(35.6)
Number of children (mean+SD) 4.03 +2.15 (0-10)
Married 57 (54.8)
Marital status, Single 1(1)
n (%) Divorced 10 (9.6)
Widowed 36 (34.6)
llliterate 64(61.5)
Education Primary school 25(24)
status: n, (%)  High school 11(10.6)
University 4(3.8)
BMI, weight in Kkg/height in m2 |
(meanSD) 31.6+6.2 (19.9-52.3)
Normal, n (%0) 20(19.2)
Overweight, n (%) 17(16.3)
Obesity, n (%) 65(62.5)
Health-related  physical activity 87 (82.7)
risk factors, n .
(%) Smoking 4(3.9)

BMI: body mass index; n: number of cases; OA: osteoarthritis; SD: standard deviation;

Comorbidity was noted in 92 cases (88%): 25 comorbidities were obesity (65 patients; 62.5%),
patients had one comorbidity (24%), 23 patients had two hypertension (64 patients; 61.5%) and dyslipidemia (45
comorbidities (22.1%), and 44 patients (42%) had at patients; 43.3%). (Table 2) summarizes the frequency of
least three comorbidities. The most frequent the different comorbidities in our study.

Table 2. Frequency of the different comorbidities

Comorbidity Frequency Percentage %
Types 2 Diabetes 38 36.5
Hypertension 64 61.5
Gout 1 0.9
Hypercholesterolemia 30 28.8
Hypertriglyceridemia 36 34.6
Coronary heart disease 2 1.9
Stroke 1 0.9
Peripheral vessel disease 43 41.3
Respiratory pathology 8 7.6
Gastrointestinal comorbidities 3 2.8
Depression 2 1.9
Axial deviation in the frontal plane was noted in 60 cases had femoropatellar OA. Fifteen patients (14.4%)
cases (57.7%), varus (26.9%), and valgum (30.8%). had both femorotibial and femoropatellar OA. Knee OA
Axial deviation in the sagittal plane was noted in 6 cases in our study was bilateral in 95.2% of cases. According

(5.7%); flessum (4.7%) and recurvatum (1%). Up to to the KL grading system, 81 patients (77.9%) had
83.7% of cases had femorotibial OA, while 1.9% of severe knee OA.
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Seventy-one patients (68.3%) had neuropathic pain
with a mean DN4 of 4.81+2.45. The mean VAS pain of
6.56+1.72. Mean KOOS-PS was 15.58+6.73.

Correlation between comorbidities and knee OA
Comorbidity was all the more common as age
increased in knee OA (P=0.04). However, it was not
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correlated with the increase of BMI (P=0.3). There was
a significant correlation between comorbidities and DN4
score (P=0.02) as well as the pain intensity evaluated by
VAS pain (P=0.04). (Table 3) summarizes the
association between comorbidities studied and clinical
findings in knee OA patients.

Table 3. Association between the different comorbidities studied and
kneed OA characteristics

Variable Group 1 Group 2 P
Female gender, n 11 83 0.83
BMI>25 kg/m? 9 73 0.61
Neuropathic pain 11 60 0.64
Duration of pain (years) 43 33 0.42
Spine 6 18
Other sites of OA %  Hips 1 2 0,3
Hands 0 2
Deviation in the Varum 2 26 0.59
frontal plane, n Valgum 5 27
Deviation in the Flessum 1 0 0.01
sagittal plane, n Recurvatum 0 5
Femorotibial 10 77
Knee OA site, n Femoropatellar 1 1 0.19
Both 1 14
Bilateral knee OA, n 11 88 0.54

BMI: Body Mass Index; n: number; OA: osteoarthritis

Impact of comorbidities on the severity of knee OA
and functional disability

There is a significant difference between the two
groups in the structural severity of knee OA evaluated
by the KL grading system with higher grades in the
comorbidity group (P=0.04). However, comorbidity was
not correlated with functional disability assessed with
KOOS-PS score (P=0.06).

Discussion

In this study, we demonstrated that comorbidities
were significantly correlated with knee OA. Our study
also showed a high frequency of comorbidities among
knee OA patients (88%). Knee OA phenotypes with
comorbidities were associated with higher intensity
scores and severe radiographic knee OA. Comorbidities
were correlated with age (P=0.04), axial deviation in the
sagittal plane (P=0.01), neuropathic pain component
(0.02), and VAS pain (P=0.04). There was also a
significant correlation between comorbidities, and the
structural progression of knee OA assessed using the KL
grading system (P=0.04). However, comorbidities did
not seem to have an impact on functional disability
assessed with KOOS-PS score (P=0.06).

This study has strengths and weaknesses. The study

of this association is interesting given the high
prevalence of these conditions in the general population.
However,  this  association  remains  largely
underestimated in the evaluation of patients in current
practice. Our patients were recruited from outpatient
examinations. Therefore, our sample is representative of
patients consulting in general hospitals in our country.
However, this study has some limitations: Firstly,
comorbidity was assessed on the basis of self-reported
diseases and not on clinically ascertained diagnoses. The
reliability of the self-reported diagnoses, which was
confirmed by the medications used by the patients, can
nevertheless be considered high. Secondly, analyses did
not consider whether the development of comorbidities
may have been driven by other conditions. These
findings of the high prevalence of comorbidities and
CVDs among OA patients are concerning. In fact,
comorbidities may lead to premature mortality, while
OA, which remains a burdensome chronic
musculoskeletal condition, often results in a functional
disability.

Recently, there has been a growing interest in
comorbidities in patients with OA. The recent OARSI
guidelines for the management of knee OA provide
guidance for four subgroups representative of clinically
relevant comorbidity heuristics that are common in
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people with OA and confound its treatment
(gastrointestinal comorbidities, CVDs, frailty, and
widespread pain and/or depression); initial assessment
should diagnose comorbidities (26). The longer life
expectancy in the general population was, the higher
prevalence of degenerative diseases and chronic
conditions was, increasing thus the impact on the quality
of life. In fact, an important proportion of OA patients
present with CVDs and co-existing chronic medical
conditions. Hall et al., reported in a meta-analysis the
presence of 40% of CVDs among OA patients (5).
Calders et al., in a systematic review and meta-
analysis, reported that the presence of comorbidities was
a common situation in patients with knee and hip OA
(hypertension and cardiac disease 45%, diabetes 24%,
depression 14%) (27). In a study conducted by Kovari,
the prevalence of comorbidities in patients with OA was
twice that of the general population (28). In another
study, conducted by Bin Kim et al., on patients with
knee OA, the prevalence of comorbidities varied from
6.1% to 65.5%, with hypertension being on the top of
the list followed by osteoporosis and diabetes (29).
Some epidemiological studies have evaluated the
impact of comorbidities on OA. They suggested that
comorbidities exacerbates the severity of OA and affects
negatively the deterioration of symptoms (30). In a
meta-analysis evaluating the association between
comorbidities and severity of pain and physical
dysfunction in patients with knee and/or hip OA,
Calders et al., found that greater comorbidity burden
contributes to worse pain, more severe symptoms and
deteriorated physical function (27). Our study
demonstrated that the association between knee OA and
comorbidities increases with age (P=0.04). Our findings
were consistent with those of the literature (31). It has
been reported that cardiovascular comorbidity, given the
influence on aerobic activity, has an impact on physical
dysfunction as well as on the severity of joint pain
during OA (27,32). Morever, MS has been reported to
be associated with OA (13,14,16,18). Some studies also
showed an association between MS components and the
development of knee OA (14,33). In order to determine
the relationship between MS components and severity of
knee OA (evaluated by KL grading system), Lee et al.,
analyzed the association between the number of MS
components and development of knee OA or severe
knee OA. They found that the risk and the severity of
knee OA tended to increase with the number of MS
components (14). A study conducted by Yoshimura et al
showed similar results (34). Our findings were
consistent with those of the literature since two thirds of
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our patients had a MS (hypertension, diabetes,
dyslipidemia and/or obesity). Further studies are needed
to determine the exact mechanism. In the mentioned
studies, the effect size of each component was not
considered. This wasn’t the case of our study, in which
we analyzed the effect of different metabolic factors on
knee OA.

Several studies reported that 10 to 14% of OA
patients suffered from diabetes (12,35,36). Eitner et al.,
reported an association between diabetes and severity of
pain in OA and suggested that synovitis may be an
important mechanism to enhance pain sensations in
diabetic knee OA patients (37). Neuropathic pain also
contributes to worse pain symptoms (38,39). However, a
causal pathway between diabetes and functional
disability in OA patients remains unclear (38). In several
previous studies, diabetes has been reported to be
positively associated with OA and joint replacement
(37). Eymard et al., studied the impact of diabetes on
radiographic progression on knee OA based on an
annual accurate joint space narrowing (36). They
highlighted the potential effect of diabetes on disease
progression. In fact, in response to prolonged
hyperglycemia, knee OA chondrocytes increase the
production of reactive oxygen species, which induces
degradation of cartilage matrix proteins (40). Cartilage
was shown to be softer in diabetes which leads to more
severe damage (41).

High blood pressure was associated with OA in
previous studies (34,42). However, cross-sectional
analyses of this association may be challenging since
nonsteroidal anti-inflammatory drugs, generally used for
treating OA pain, can raise blood pressure (13). It has
been  reported that proinflammatory  cytokine
(interleukin-6) plays a role in the association between
knee OA and hypertension (43). Although OA is not
considered an inflammatory disease, it is usually
associated with a low-chronic inflammation grade that
could have a role in the development of CVDs and
especially hypertension (37).

Howard et al., demonstrated that patients with gout
had a higher prevalence of knee OA than the general
population (44). They also found that gout was
associated with more severe structural progression with
higher KL grades and more bilateral knee involvement
(44). However, another study suggested that patients
with gout were more likely to have widespread OA of a
small joint of the hand and foot (45).

A prevalence of high cholesterol levels of 32% was
estimated in OA patients, while it is estimated that it
reaches 23% in the general population (19). In the



literature, high serum cholesterol levels were associated
with knee OA (46,47).

Sedentary and obesity are well-known risk factors
for weight-bearing joints OA (20,48). Abdominal
obesity may increase the risk of the development of knee
OA by the metabolic effects of adipose tissue and
mechanical stress of the excess of body weight (14,48).
In our study, being overweight was not associated with
knee OA (P=0.6). This result seems surprising since
weight status is associated with the severity of
symptoms in knee OA. Reports had linked overweight to
radiographic progression in knee OA (3,49,50). Other
reports had linked obesity to axial deviation of the knees
and radiographic progression (51,52). Larsen et al.,
implied that KOOS score varies significantly with
obesity (53).

High prevalence of CVR factors, vascular disorders
and CVDs in patients with OA have been reported in the
literature (5,24,54)). In fact, osteoarthritic changes were
found to be related to aortic calcification (55).The
pathological link between OA and CVDs (myocardial
infarction, cerebrovascular disease and arteriopathy of
the lower limbs) has been supported by the fact that a
transmembrane protein existing in human carotid arterial
plaque, was also found in osteoarthritic synovial lining
(56). Morever, the association between knee OA and
CVDs is higher compared to other OA sites. This can be
explained by the fact that the parameniscal capillary
plexus in the synovial tissue of the marginal meniscus,
formed by the branches of the popliteal artery, supplies
blood to 10-30% of the medial meniscus and 10-25% of
the lateral meniscus (57). CVDs prevalence in OA
patients may have an impact on management strategy of
OA since patients with such comorbidities are less
suitable for surgical procedures.

This study did not show a significant association
between knee OA and depression. This may be
explained by the low prevalence of depression in our
study population (1.9%). Our results were consistent
with those of Calders et al., who found no significant
association between depression and severity of OA (27).
However, depression and persistent severe OA knee
pain generally occur together with reciprocal
contribution to higher risk of physical decline and more
severe disability (10,58).

Our findings demonstrated that comorbidities
increased the structural severity of knee OA (P=0.04).
To our knowledge, there are no other studies in the
literature that evaluated the influence of comorbidities
on the structural progression of knee OA. Some studies
evaluated the impact of comorbidities individually on
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the structural progression of OA (36,41,42). Our study
showed that comorbidity was not correlated with
functional disability assessed with KOOS-PS score
(P=0.06). These results are consistent with those of
Zambon et al., who demonstrated that comorbidity is
neither a confounder nor an effect modifier in the
association between OA and physical function and that
pain mediates the effect of OA on physical function tests
(59). However, Kadam et al., demonstrated that
comorbidities have a negative impact on physical
function in patients with OA (54).

In summary, our study suggested that comorbidity
was frequent and had an impact on knee OA. Knee OA
phenotypes with comorbidities were associated with
higher intensity scores and severe radiographic knee
OA. Improving the physical health of OA patients also
requires the management of associated comorbidities.
However, questions remain unanswered about the most
effective care strategy that can manage to reduce and
prevent comorbidities in OA patients, especially in a
context with limited resources.

References

1. Murray CJL, Vos T, Lozano R, Naghavi M, Flaxman AD,
Michaud C, et al. Disability-adjusted life years (DALYSs)
for 291 diseases and injuries in 21 regions, 1990-2010: a
systematic analysis for the Global Burden of Disease
Study 2010. Lancet 2012;380:2197-223.

2. Dell’lsola A, Allan R, Smith SL, Marreiros SSP,
Steultjens M. Identification of clinical phenotypes in knee
osteoarthritis: a systematic review of the literature. BMC
Musculoskelet Disord 2016;17:425.

3. Karsdal MA, Bihlet A, Byrjalsen I, Alexandersen P,
Ladel C, Michaels M, et al. OA phenotypes, rather than
disease stage, drive structural progression — identification
of structural progressors from 2 phase Il randomized
clinical studies with symptomatic knee OA. Osteoarthritis
Cartilage 2015;23:550-8.

4. Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C,
Ezzati M, et al. Years lived with disability (YLDs) for
1160 sequelae of 289 diseases and injuries 1990-2010: a
systematic analysis for the Global Burden of Disease
Study 2010. Lancet 2012;380:2163-96.

5. Hall AJ, Stubbs B, Mamas MA, Myint PK, Smith TO.
Association between osteoarthritis and cardiovascular
disease: Systematic review and meta-analysis. Eur J Prev
Cardiolog 2016;23:938-46.

6. Kerkhof HIM, Lories RJ, Meulenbelt I, Jonsdottir I,
Valdes AM, Arp P, et al. A genome-wide association
study identifies an osteoarthritis susceptibility locus on

Acta Medica Iranica, Vol. 60, No. 2 (2022) 125



Comorbidity and knee osteoarthritis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

chromosome 7g22. Arthritis Rheum 2010;62:499-510.
Hochberg MC, Lethbridge-Cejku M, Tobin JD. Bone
mineral density and osteoarthritis: data from the
Baltimore Longitudinal Study of Aging. Osteoarthritis
Cartilage 2004;12:545-8.

lannone F, Lapadula G. Obesity and inflammation--
targets for OA therapy. Curr Drug Targets 2010;11:586-
98.

Stubbs B, Hurley M, Smith T. What are the factors that
influence physical activity participation in adults with
knee and hip osteoarthritis? A systematic review of
physical activity correlates. Clin Rehabil 2015;29:80-94.
Stubbs B, Aluko Y, Myint PK, Smith TO. Prevalence of
depressive symptoms and anxiety in osteoarthritis: a
systematic review and meta-analysis. Age Ageing
2016;45:228-35.

Williams MF, London DA, Husni EM, Navaneethan S,
Kashyap SR. Type 2 diabetes and osteoarthritis: a
systematic review and meta-analysis. J Diabetes
Complications 2016;30:944-50.

Veronese N, Stubbs B, Solmi M, Smith TO, Noale M,
Schofield P, et al. Knee osteoarthritis and risk of
hypertension: A longitudinal cohort Ssudy. Rejuvenation
Res 2018;21:15-21.

Niu J, Clancy M, Aliabadi P, Vasan R, Felson DT. The
metabolic  syndrome, its components and knee
osteoarthritis (OA): The Framingham OA study. Arthritis
Rheumatol 2017;69:1194-203.

Lee B, Yang S, Kwon S, Choi K, Kim W. Association
between metabolic syndrome and knee osteoarthritis: A
cross-sectional Nationwide survey study. J Rehabil Med
2019;51:464-70.

Omorou AY, Achit H, Wieczorek M, Pouchot J, Fautrel
B, Rat AC, et al. Impact of comorbidities and functional
impairment on 5-year loss of health utility in patients with
lower-limb osteoarthritis in the KHOALA cohort. Qual
Life Res 2019;28:3047-54.

Le Clanche S, Bonnefont-Rousselot D, Sari-Ali E,
Rannou F, Borderie D. Inter-relations between
osteoarthritis and metabolic syndrome: A common link?
Biochimie 2016;121:238-52.

Kluzek S, Newton JL, Arden NK. Is osteoarthritis a
metabolic disorder? Br Med Bull 2015;115:111-21.

Han CD, Yang IH, Lee WS, Park YJ, Park KK.
Correlation between metabolic syndrome and knee
osteoarthritis: data from the Korean National Health and
Nutrition Examination Survey (KNHANES). BMC Public
Health 2013;13:603.

Gurkirpal S, Jeffery M, Fleur H, Dan Pettitt D, Mason
WR. Prevalence of Cardiovascular Disease Risk Factors
Among US Adults With Self-Reported Osteoarthritis:

126 Acta Medica Iranica, Vol. 60, No. 2 (2022)

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Data from the Third National Health and Nutrition
Examination Survey. Am J Manag Care 2002;8:383-91.
Visser AW, loan-Facsinay A, de Mutsert R, Widya RL,
Loef M, de Roos A, et al. Adiposity and hand
osteoarthritis: The Netherlands Epidemiology of Obesity
study. Arthritis Res Ther 2014;16:R19 .

Frey N, Higle T, Jick SS, Meier CR, Spoendlin J. Type Il
diabetes mellitus and incident osteoarthritis of the hand: a
population-based case-control analysis. Osteoarthritis
Cartilage 2016;24:1535-40.

Zhang W, Doherty M, Peat G, Bierma-Zeinstra MA,
Arden NK, Bresnihan B, et al. EULAR Evidence-Based
Recommendations for the Diagnosis of Knee
Osteoarthritis. Ann Rheum Dis 2010;69:483-9.

Kohn MD, Sassoon AA, Fernando ND. Classifications in
brief: Kellgren-Lawrence classification of osteoarthritis.
Clin Orthop Relat Res 2016;474:1886-93.

Chatila N, Pereira B, Maarrawi J, Dallel R. Validation of
a new arabic version of the neuropathic pain diagnostic
questionnaire (DN4). Pain Pract 2017;17:78-87.
Perruccio AV, Stefan Lohmander L, Canizares M,
Tennant A, Hawker GA, Conaghan PG, et al. The
development of a short measure of physical function for
knee OA KOOS-Physical Function Shortform (KOOS-
PS) — an OARSI/OMERACT initiative. Osteoarthritis
Cartilage 2008;16:542-50.

Bannuru RR, Osani MC, Vaysbrot EE, Arden NK,
Bennell K, Bierma-Zeinstra MA, et al. OARSI guidelines
for the non-surgical management of knee, hip, and
polyarticular  osteoarthritis.  Osteoarthritis  Cartilage
2019;27:1578-89.

Calders P, Van Ginckel A. Presence of comorbidities and
prognosis of clinical symptoms in knee and/or hip
osteoarthritis: A systematic review and meta-analysis.
Semin Arthritis Rheum 2018;47:805-13.

Kovari E, Kaposi A, Bekes G, Kiss Z, Kurucz R, Mandl
P, et al. Comorbidity clusters in generalized osteoarthritis
among female patients: A cross-sectional study. Semin
Arthritis Rheum 2020;50:183-91.

Kim WB, Kim BR, Kim SR, Han EY, Nam KW, Lee SY,
et al. Comorbidities in patients with end-stage knee OA:
prevalence and fffect on physical function. Arch Phys
Med Rehabil 2019;100:2063-70.

Breedveld FC. Osteoarthritis - the impact of a serious
disease. Rheumatology (Oxford) 2004;43:i4-8.

Marshall DA, Liu X, Barnabe C, Yee K, Faris PD, Barber
C, et al. Existing comorbidities in people with
osteoarthritis: a retrospective analysis of a population-
based cohort in Alberta, Canada. BMJ Open
2019;9:e033334 .

Ettinger WH, Fried LP, Harris T, Shemanski L, Schulz R,



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Robbins J, et al. Self-reported causes of physical
disability in older people: The cardiovascular health
study. J Am Geriatr Soc 1994;42:1035-44.

Engstrdm G, Verdier MG de, Rollof J, Nilsson PM,
Lohmander LS. C-reactive protein, metabolic syndrome
and incidence of severe hip and knee osteoarthritis. A
population-based cohort study. Osteoarthritis Cartilage
2009;17:168-73.

Yoshimura N, Muraki S, Oka H, Kawaguchi H,
Nakamura K, Akune T. Association of knee osteoarthritis
with the accumulation of metabolic risk factors such as
overweight, hypertension, dyslipidemia, and impaired
glucose tolerance in japanese men and women: The
ROAD Study. J Rheumatol 2011;38:921-30.

Louati K, Vidal C, Berenbaum F, Sellam J. Association
between diabetes mellitus and osteoarthritis: systematic
literature review and meta-analysis. RMD Open
2015;1:e000077.

Eymard F, Parsons C, Edwards MH, Petit-Dop F,
Reginster J-Y, Bruyere O, et al. Diabetes is a risk factor
for knee osteoarthritis progression. Osteoarthritis
Cartilage 2015;23:851-9.

Berenbaum F. Diabetes-induced osteoarthritis: from a
new paradigm to a new phenotype. Ann Rheum Dis
2011;70:1354-6.

Sinclair AJ, Abdelhafiz AH, Rodriguez-Mafias L. Frailty
and sarcopenia - newly emerging and high impact
complications of diabetes. J Diabetes Complications
2017;31:1465-73.

Eitner A, Pester J, Vogel F, Marintschev |, Lehmann T,
Hofmann GO, et al. Pain sensation in human
osteoarthritic knee joints is strongly enhanced by diabetes
mellitus. Pain 2017;158:1743-53.

Rosa SC, Gongalves J, Judas F, Mobasheri A, Lopes C,
Mendes AF. Impaired glucose transporter-1 degradation
and increased glucose transport and oxidative stress in
response to high glucose in chondrocytes from
osteoarthritic versus normal human cartilage. Arthritis
Res Ther 2009;11:R80 .

Athanasiou KA, Fleischli JG, Bosma J, Laughlin TJ, Zhu
CF, Agrawal CM, et al. Effects of diabetes mellitus on the
biomechanical properties of human ankle cartilage. Clin
Orthop Relat Res 1999; 368:182-9.

Yoshimura N, Muraki S, Oka H, Tanaka S, Kawaguchi H,
Nakamura K, et al. Accumulation of metabolic risk
factors such as overweight, hypertension, dyslipidaemia,
and impaired glucose tolerance raises the risk of
occurrence and progression of knee osteoarthritis: a 3-
year follow-up of the ROAD study. Osteoarthritis
Cartilage 2012;20:1217-26.

Zhang Y, Wang J, Liu X. Association between

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

A.B. Tekaya, et al.

hypertension and risk of knee osteoarthritis. Medicine
(Baltimore) 2017;96:e7584.

Howard RG, Samuels J, Gyftopoulos S, Krasnokutsky S,
Leung J, Swearingen CJ, et al. Presence of gout is
associated with increased prevalence and severity of knee
osteoarthritis. J Clin Rheumatol 2015;21:63-71.

Bevis M, Marshall M, Rathod T, Roddy E. The
association between gout and radiographic hand, knee and
foot osteoarthritis: a cross-sectional study. BMC
Musculoskelet Disord 2016;17:169.

Hart DJ, Doyle DV, Spector TD. Association between
metabolic factors and knee osteoarthritis in women: The
Chingford Study. J Rheumatol 1995;22:1118-23.

Al-Arfaj AS. Radiographic osteoarthritis and serum
cholesterol. Saudi Med J 2003;24:745-7.

Courties A, Gualillo O, Berenbaum F, Sellam J.
Metabolic  stress-induced joint inflammation and
osteoarthritis. Osteoarthritis Cartilage 2015;23:1955-65.
Reijman M, Pols HAP, Bergink AP, Hazes JMW, Belo
JN, Lievense AM, et al. Body mass index associated with
onset and progression of osteoarthritis of the knee but not
of the hip: The Rotterdam Study. Ann Rheum Dis
2007;66:158-62.

Yusuf E, Bijsterbosch J, Slagboom PE, Rosendaal FR,
Huizinga TWJ, Kloppenburg M. Body mass index and
alignment and their interaction as risk factors for
progression of knees with radiographic signs of
osteoarthritis. Osteoarthritis Cartilage 2011;19:1117-22.
Brouwer GM, Tol AWV, Bergink AP, Belo JN, Bernsen
RMD, Reijman M, et al. Association between valgus and
varus alignment and the development and progression of
radiographic osteoarthritis of the knee. Arthritis Rheum
2007;56:1204-11.

Felson DT, Goggins J, Niu J, Zhang Y, Hunter DJ. The
effect of body weight on progression of knee
osteoarthritis is dependent on alignment. Arthritis Rheum
2004;50:3904-9.

Larsen P, Engberg AS, Motahar I, Ostgaard SE, Elsoe R.
Obesity Influences the Knee Injury and Osteoarthritis
Outcome Score. Joints 2019;7:008-12.

Kadam U, Jordan K, Croft P. Clinical comorbidity in
patients with osteoarthritis: a case-control study of
general practice consulters in England and Wales. Ann
Rheum Dis 2004;63:408-14.

Karasik D, Kiel DP, Kiely DK, Cupples LA, Wilson
PWF, O’Donnell CJ, et al. Abdominal aortic calcification
and exostoses at the hand and lumbar spine: The
Framingham Study. Calcif Tissue Int 2006;78:1-8.

Lee MY, Kim WJ, Kang YJ, Jung YM, Kang YM, Suk K,
et al. Z391g is expressed on macrophages and may
mediate inflammatory reactions in arthritis and

Acta Medica Iranica, Vol. 60, No. 2 (2022) 127



Comorbidity and knee osteoarthritis

57.

58.

atherosclerosis. J Leukoc Biol 2006;80:922-8.

Kim HS, Shin JS, Lee J, Lee YJ, Kim M, Bae YH, et al.
Association between knee osteoarthritis, cardiovascular
risk factors, and the Framingham risk score in south

koreans: A cross-sectional  study. PL0oS One
2016;11:20165325.
Rathbun AM, Stuart EA, Shardell M, Yau MS,

Baumgarten M, Hochberg MC. Dynamic effects of

128 Acta Medica Iranica, Vol. 60, No. 2 (2022)

59.

depressive symptoms on osteoarthritis knee pain. Arthritis
Care Res (Hoboken) 2018;70:80-8.

Zambon S, Siviero P, Denkinger M, Limongi F, Castell
MV, Pas S van der, et al. Role of Osteoarthritis,
comorbidity, and pain in determining functional
limitations in older populations: European project on
osteoarthritis. Arthritis Care Res (Hoboken) 2016;68:801-
10.



