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ABSTRACT

Association between metabolic syndrome and 
knee osteoarthritis

Ardyarini Dyah Savitri1*, Lysa Veterini2, Meidyta Sinantryana Widyaswari3, 
Diaz Syafrie Abdillah4

Introduction: The inflammatory process underlies either osteoarthritis (OA) or metabolic syndrome. Systemic inflammation 
that occurs in the metabolic syndrome will result in the production of inflammatory cytokines and activation of macrophages 
and chondrocytes. This can affect the entire body including joints and the surrounding tissues, causing OA. Type 2 Diabetes 
Mellitus (DMT2) and hypertension are the first and second most common metabolic syndrome components found in OA 
patients. This study aimed to determine the relationship between metabolic syndrome and knee OA in DMT2 patients with 
hypertension. 
Methods: By using an analytic observational method and cross-sectional design, this study involved the medical records 
of patients with DMT2. The sample consisted of 50 medical records selected by using the purposive sampling technique and 
fulfilling the inclusion and exclusion criteria. 
Results: This study involved 25 medical records of patients with and without knee (genu) OA. The characteristics of the 
sample were as follows: 1 medical record of patient aged 36-45 years, 18 medical records of patients aged 46-55 years, 16 
medical records of patients aged 56-65 years, 15 medical records of patients aged > 65 years, 21 medical records of male 
patients, 29 medical records of female patients, 27 medical records with metabolic syndrome, and 23 medical records without 
metabolic syndrome. The association between metabolic syndrome and knee (genu) OA was analyzed by using the Chi-
Square Test using the SPSS application, where the results showed a significance value of p < 0.05 (p = 0.001).
Conclusion: This study shows that there is a significant association between metabolic syndrome and knee (genu) OA.
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INTRODUCTION
Osteoarthritis (OA) is a degenerative 
disease that attacks the joints and 
surrounding components, which include 
cartilages, joint lining, ligaments, and 
bones, causing pain, stiffness, and swelling 
in joints.1,2 Based on its pathogenesis, OA 
is divided into two groups, namely primary 
and secondary OA.3 The cause of primary 
OA is unknown, whereas secondary OA 
is associated with joint overuse, strenuous 
exercise, history of injury, systemic 
diseases, or inflammation.4

Osteoarthritis occurs because 
chondrocytes are unable to synthesize 
a quality matrix. There is chondrocytes 
failure to maintain homeostasis between 
degradation and synthesis of extracellular 
matrix components. It includes excessive 
production of collagen type I, III, VI, 
and X and short proteoglycan synthesis. 
The failure of chondrocytes results in 

changes in the diameter and orientation 
of the collagen fibers causing changes in 
cartilage biomechanics and loss of unique 
cartilage compressibility.5 Apart from 
chondrocytes, synoviocytes also play a 
role in the pathogenesis of OA. Inflamed 
synoviocytes will produce matrix 
metalloproteinases (MMPs) and various 
cytokines which are released into the joint 
cavity and damage the cartilage matrix 
of the joints and activate chondrocytes. 
In the end, the subchondral bone will 
also play a role, in which osteoblasts will 
be stimulated and produce proteolytic 
enzymes.5,6

Metabolic syndrome is a group of 
symptoms consisting of central obesity, 
high blood pressure (pre-hypertension or 
hypertension), dyslipidemia (increased 
levels of cholesterol, especially LDL, 
triglycerides and low HDL levels), disorders 
of insulin resistance and diabetes mellitus 

(DM), as well as microalbuminuria (urea 
albumin excretion rate of more than 20 
mg/min or an albumin/creatinine ratio 
of more than 30 mg/g).7  According to 
the WHO criteria (1999), the metabolic 
syndrome diagnosis emphasize impaired 
glucose tolerance or DM, and/or insulin 
resistance accompanied by at least two 
other risk factors, such as hypertension, 
dyslipidemia, central obesity and 
microalbuminuria.8 

Several studies have shown an 
independent association between OA 
and several component of the metabolic 
syndrome.9 This is indicated by the large 
number of hypertensive and type 2 DM 
patients who experience OA in the knee 
(genu). The association between OA 
and type 2 DM has also been extensively 
studied. OA and type 2 diabetes are said 
to have associated with risk factors; one 
of which is obesity. It is confirmed by 
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RESULTS
This study involved 25 medical records 
with knee (genu) OA and 25 medical 
records without knee (genu) OA. The 
results obtained 21 males’ medical records 
(42%) and 29 females’ medical records 
(58%). Based on age, the results obtained 
1 medical record of a patient aged 36-45 
years (2%), 18 medical records of patients 
aged 46-55 years (36%), 16 medical records 
of patients aged 56-65 years (32%), and 
15 medical records of patients aged more 
than 65 years (30%).

From the 50 medical records, 
there were 27 records with metabolic 
syndrome (54%) and 23 medical records 
without metabolic syndrome (46%). The 
distribution of metabolic syndrome based 
on sex showed that 13 medical records 
were males (48.1%) and 14 medical 
records were females (51.9%) as shown in 
table 1. 

From the 50 medical records, there 
were 25 medical records with knee (genu) 
OA (50%) and 25 medical records without 
knee (genu) OA (50%). The distribution 
of knee (genu) OA based on sex resulted 
in 9 medical records of males with knee 
(genu) OA (36%) and 16 medical records 
with knee (genu) OA in females (64%) as 
shown in table 2.

Based on the age group, metabolic 
syndrome was most found in the age 
group of 56 - 65 years old, namely 10 
medical records (37%). The distribution 
of the metabolic syndrome by age group is 
shown in Figure 1 below.

Based on the age group, most cases 
of knee (genu) OA were found in the age 

group of 56 - 65 years old, namely 10 
medical records (40%). The distribution 
of knee (genu) OA was shown in Figure 2 
below.

The association between knee (genu) 
OA and metabolic syndrome was tested 
using the Chi-Square test. Using the SPSS 
statistics, the result showed a significance 
value of p 0.001 (<0.05), illustrating that 
there was a significant association between 
metabolic syndrome and knee (genu) OA, 
as seen in table 3 below.

DISCUSSION
Osteoarthritis (OA) is a degenerative joint 
disease associated with joint cartilage 
damage. It is a major cause of pain and 
disability in society globally. According 
to a study conducted by the Community 
Oriented Program for the Control of 
Rheumatic Diseases (COPCORD) in Asia, 
the prevalence of OA is found to increase 
following the age and more prevalent in 
women.12 Therefore, OA generally occurs 
in the elderly.

Based on its location, OA generally 
affects the weight-bearing joints, especially 
the knee, coxae, lumbar and cervical 
joints. The knee is the main predilection 
joint in OA. Based on the data from the 
World Health Organization (WHO), 40% 
of the population aged over 70 have knee 
OA.13 The data from Arthritis Research 
Campaign in 2000 showed that knee OA 
is the reason for 2 million patients to 
seek treatment at general practitioners or 
hospitals.14

Obesity, hypertension, dyslipidemia, 
and insulin resistance or type 2 diabetes are 

Purnomo’s research conducted at Dr. 
Kariadi Hospital, Semarang which proved 
that the most musculoskeletal disorders in 
DM patients were knee (genu) OA, namely 
53.3%.10 A research conducted by Riska 
Juliana proved that the highest proportion 
of other diseases that can be found in 
OA sufferers was hypertension (29.2%). 
However, the association between OA and 
hypertension still generated conflicting 
results.11

Systemic inflammation that occurs in 
metabolic syndrome is thought to play 
a role in the occurrence of knee (genu) 
OA through polarization of macrophages 
and changes in chondrocytes. This study 
aimed to determine the relationship 
between metabolic syndrome and knee 
OA in DMT2 patients with hypertension.

METHODS
Study Design dan Data Collection 
This is an observational analysis study 
with a cross sectional approach aimed 
at identifying the association between 
metabolic syndrome and knee (genu) 
osteoarthritis. The study was conducted at 
the Medical Record Unit of RSI Jemursari 
Surabaya (Jemursari Islamic Surabaya 
Hospital) by involving a population of 
type 2 diabetes mellitus patients’ with 
hypertension medical records. The 
inclusion criteria were the medical records 
of DMT2 patients who were treated at the 
Department of Internal Medicine, RSI 
Jemursari Surabaya in 2019 aged 36-70 
years. On the other hand, the exclusion 
criteria consisted of the medical records of 
patients with a history of knee trauma, or a 
history of knee joint arthroplasty.

Data Analysis
The independent variable was metabolic 
syndrome, whereas the dependent variable 
was knee (genu) osteoarthritis. Diagnosis 
of knee (genu) OA, type 2 diabetes mellitus 
and hypertension were based on the 
patient’s diagnosis stated in the medical 
records. Whilst, the metabolic syndrome 
was based on the concurrent diagnosis of 
type 2 diabetes mellitus and hypertension 
in one patient’s medical record. The 
association between metabolic syndrome 
and knee (genu) OA was analyzed using 
the Chi-Square test.

Table 1.  The distribution of metabolic syndrome based on sex.

Sex With Metabolic 
Syndrome %

Without  
Metabolic 
Syndrome

% Total

Males 13 48,1 8 34,8 21

Females 14 51,9 15 65,2 29

Total 27 100 23 100 50

Table 2. The distribution of OA based on sex. 
Sex With OA % Without OA % Total %

Males 9 36 12 48 21 42
Females 16 64 13 52 29 58

Total 25 100 25 100 50 100
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local inflammation, systemic process is 
thought having the same effect to knee. 
Pro-inflammatory mediators produced 
by adipose tissue can reach the joints via 
subchondral blood vessels which then will 
initiate the occurrence of knee (genu) OA 
in patient.19 

The research conducted by Wang, et al. 
in 2016 proved that metabolic syndrome 
not only increased the risk of knee 
(genu) OA, but also disease progression 
and prognosis.18 Yoshimura, et al. also 
stated that the accumulation of metabolic 
syndrome components in a patient was 
related to the incidence and progression of 
knee (genu) OA.20

This study had several weaknesses, 
including the use of secondary data from 
medical records, so that the data obtained 
were not optimal. On the other hand, 
the sample used in this study was too 
small and the use of purposive sampling 
technique, resulting in less variation in 
the data. Further studies are expected 
to use primary data with a larger sample 
size so as to provide more informative 
and varied data. The association between 
accumulation of metabolic syndrome 
components with the incidence and 
progression of knee (genu) OA has been 
proven in this study, but it is also advisable 
to carry out further studies involving other 
components of the metabolic syndrome 
to strengthen and increase the evidences 
of the association between metabolic 
syndrome and knee (genu) OA.

CONCLUSION
In this study, a significant association was 
obtained between metabolic syndrome 
and knee (genu) OA in type 2 DM patients 
with hypertension at RSI Jemursari 
Surabaya, in which the significance value 
of p <0.05 (p = 0.001) is obtained. Further 
studies need to be conducted to determine 
the association between knee (genu) OA 
and other components of the metabolic 
syndrome by using primary data, so that 
other risk factors for knee (genu) OA can 
be identified in patients.

FUNDING
The authors are responsible for all of the 
study funding without a grant or any 
external funding source.

Figure 1. The distribution of metabolic syndrome by age group.

Figure 2. The distribution of knee (genu) OA based on age group.

Table 3.  The association between knee (genu) OA and metabolic syndrome.

Knee OA
Metabolic Syndrome

Total P
(significance)Yes No

N % N % N %
Yes 20 80 5 20 25 100

0,001
(<0,05)No 7 28 18 72 25 100

Total 27 54 23 46 50 100

components of the metabolic syndrome. 
In this study, only 2 components 
were used to diagnose the metabolic 
syndrome, namely hypertension and type 
2 diabetes. Both are the first and second 
most common metabolic syndrome 
components found in OA patients. A 
large number of hypertensive and type 2 
DM patients experience OA in the knee 
(genu). Moreover, OA, hypertension, and 
type 2 diabetes have related risk factors 
and similar pathogenesis processes, which 
included inflammation process, oxidative 
stress, and endothelial dysfunction.15

Hyperglycemia is able to induce 
pro-inflammatory state resulting in the 
deposition of glycation end products 
in the joints (advanced glycation end 
products; AGE) in DM patients. Through 
the activation of macrophages and pro-
inflammatory cytokines production, 
changes occur in chondrocytes and 

stimulate the synovial fibrosis process, 
which is the most important step in the 
pathomechanism of OA.16,17

On the other hand, hypertension 
causes occlusion and stasis of blood flow 
in the subchondral vessels.13 These results 
subchondral ischemia and degradative 
changes in cartilages which are potential 
initiators of cartilage changes in OA.18

Finding patients with metabolic 
syndrome involving the two components 
mentioned above will increase the risk of 
knee (genu) OA. It is seen in the results 
of this study where there was a significant 
association between metabolic syndrome 
and knee (genu) OA with a significance 
value of p 0.001.

Local inflammation has been proven 
to result in cartilage degradation and 
activation of synovial cells. This will 
result in physiological and anatomical 
changes in the knee.15 Similar with 
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