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INTRODUCTION
Osteoarthritis (OA) is known as an age-related chronic 
progressive disease and a leading cause of disability 
as well as impaired physical activity in the elderly pop-

ulation. At present, OA 
is considered as an 
inflammatory disease 
in which both aging 
and injury-induced joint 
damage are contrib-

uting to the development of synovial inflammation and 
cartilage degeneration.1 Several conditions including 
mechanical, metabolic and inflammatory factors are 
involving in the aetiology of OA. The pathophysiological 
association between metabolic abnormalities in particu-
lar obesity and OA is not limited to the loading effect of 
increased body mass index, but also with their link with 
biochemical/biological mechanisms, which also explain 
the association between obesity and OA of non-weight-
bearing joints, such as hand OA.2,3 Thereby, clinical im-
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ABSTRACT
Background and purpose: Several traditional risk factors of atherosclerosis such as age, 
obesity, and altered lipid metabolism are shared with osteoarthritis (OA). Metabolic abnormalities 
and atheromatous vascular disease are linked with systemic inflammation and progression of OA. 
Hence, treatment of OA with statins is expected to improve metabolic abnormalities and prevent OA 
progression. Many studies which have addressed this issue found inconsistent results. This review 
aims to elucidate the effect of statins in OA by summarizing the existing data. Methods: Potential 
studies in English language published in Medline/PubMed, Scopus and Google Scholar since 2000 
were searched by using keywords such as osteoarthritis, statins, progression, treatment, prevalence, 
synovitis, pain. Fourteen papers were found to be relevant and were summarised. Results: Data 
regarding symptomatic effect of statins in OA are scarce and the results varied from no effect to a 
small improvement or even increased risk of pain in knee OA. However, most studies on the incidence 
and progression of OA found a significant decreased risk of incident OA, as well as reduced risk of 
radiographic progression in statin users vs. non-users. Factors such as patient adherence, duration 
of treatment, and higher cumulative statin doses were associated with greater efficacy. Conclusion: 
Existing data indicate a preventing effect of statin therapy on OA progression. However, unless a 
formal meta-analysis with weight analysis is made, a conclusion cannot be drawn.
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provement of KOA after weight reduction is not solely to 
the consequence of mechanical load reduction but also 
to metabolic changes and decreased levels of inflamma-
tory biomarkers. Consequently, in subjects undergoing 
bariatric weight loss surgery, pain relief which appears 
during the first months after surgery, still continues sev-
eral months thereafter even in the absence of weight loss 
maintenance.4 
The inflammatory process in OA originates from adipose 
tissues in particular from local fat pads and is linked to 
proinflammatory metabolic factors.5 Fat tissue as an en-
docrine organ secrets a group of pro-inflammatory me-
diators6,7 including cytokines (IL-1, IL-6, IL-8, TNF-a) and 
adipokines (leptin, adiponectin, resistin, visfatin). These 
mediators are released from the local and/or systemic 
adipose tissues due to damages of joint tissues conse-
quent to trauma and/or overuse.3 Obesity and metabolic 
syndrome (MetS) as prominent risk factors of OA are 
highly prevalent in the general population, and supply 
greater sources of adipokines from adipose tissues and 
thus provide higher propensity for the development of 
OA.3,8 Pathophysiology, clinical features and progression 
of structural changes in OA are linked to release of medi-
ators from adipose tissues.9 Irrespective of inflammation, 
vascular pathology also plays an important role in the 
initiation and progression of OA.10 

OSTEOARTHRITIS AND VASCULAR DISEASES
OA is shared with several traditional risk factors of ather-
osclerosis, such as age, obesity, altered lipid metabolism, 
and hypercholesterolaemia. Deposition of lipid in the joint 
tissues has been observed at the early stage of OA prior 
to histologic changes. Similar to atherosclerosis, hyper-
cholesterolaemia can cause oxidation and deposition of 
lipids in tissues and lead to cartilage damages.11,12 It has 
been shown that chondrocytes aging is closely related 
with progression of cartilage degeneration, and the re-
sults of experimental studies indicate that statins protect 
chondrocyte aging and articular degeneration.13 In obese 
people who are at a greater risk of OA, adipose-tissue 
derived mediators such as TNF-α, IL-6 and IL-1 are 
produced at higher levels. These cytokines induce and 
regulate inflammatory immune responses in cartilages 
through inhibition on the synthesis of proteoglycans 
and type II collagen. Furthermore, adipokines promote 
endothelial cell dysfunction, adhesion of monocytes, 
vascular remodelling, and foam cell formation in the 
arterial wall and thus contribute to obesity-associated 
vascular complications.14

Epidemiological studies suggest a link between ath-
eromatous vascular disease and progression of OA. In 
population of the Rotterdam study, the plasma levels of 
atherosclerotic markers in women with knee osteoarthri-
tis (KOA) were higher than those without KOA, suggest-
ing an association between atherosclerosis and KOA.15 

Also, in participants of the Chingford study, there was 
an inverse association between HDL cholesterol and 
radiographic hand OA.16

Vascular pathology impairs blood flow and result in 
subchondral bone ischemia, osteocyte death and bone 
resorption with subsequent cartilage degradation.11,17 In 
postmenopausal women, there is a relationship between 
atherosclerosis and OA: in particular, hand OA and knee 
OA. This issue indicates that atherosclerosis and OA are 
shared at least in a number of risk factors or pathophysio-
logical processes.18,19 In one study comprised population 
with advanced KOA, patients with coexistent diabetes 
and hypertension had greater subchondral bone loss as 
compared with those without these conditions suggest-
ing a possible association between OA and metabolic 
abnormalities.20

However, the association between vascular disease and 
OA is complex, because the consequences of vascular 
pathology on OA per se cannot be differentiated from the 
contribution of individuals risk factors of vascular disease 
such as diabetes, obesity, hypertension, lipids or from 
the consequences of metabolic syndrome on OA. 

OSTEOARTHRITIS AND METABOLIC 
ABNORMALITIES
Several metabolic abnormalities such as obesity, dia-
betes, insulin resistance, and dyslipidaemia are related 
with OA, and these conditions are also associated with 
increased risk of atherosclerotic disease.12,21 This issue 
indicates that OA is not solely an age- or weight-related 
disease, but it is really a metabolic syndrome-associ-
ated disease with a low systemic inflammation which 
originates from metabolic abnormalities. The presence 
of both inflammation and abnormal metabolic condition 
leads to cartilage degeneration and disease progres-
sion.22-24 An association between dyslipidaemia and ele-
vated risk of knee pain and clinical KOA in middle-aged 
or older adults has been also observed in a case-control 
study by Zhou et al.25 In this study knee pain was 1.36 
to1.43 times, and clinical KOA was 1.49 to 1.57 times 
more prevalent in subjects with hyperlipidaemia or those 
using lipid lowering drugs as compared with subjects 
who had normal lipids. Similarly, a population-based 
case-control study found 1.37 (1.28-1.47) times greater 
risk of hyperlipidaemia in patients with hand OA.26 Two 
meta-analyses have also revealed a positive association 
between OA and hyperlipidaemia.27 In animal model of 
OA, there was an association between high fat diet and 
cartilage degradation independent of body weight.28 
These observations suggest a possible contributive role 
of metabolic syndrome and lipid abnormalities in the 
initiation and development of OA. Therefore, statins with 
both cholesterol lowering and anti-inflammatory proper-
ties expected to provide a beneficial effect against OA 
progression. 
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EFFICACY OF STATINS IN OSTEOARTHRITIS
Currently, treatment of osteoarthritis is focused on 
relieving pain and controlling the associated factors of 
disease progression and exacerbations. In subjects with 
irreversible damages, joint replacement with prosthesis 
is recommended.2 
OA is a multifactorial disease with heterogeneous 
phenotypes in terms of clinical manifestations and aeti-
ologies. Classification of OA to subgroups according to 
structural, etiological and epidemiological phenotypes 
will help to identify a specific subgroup of patients who 
display inflammatory characteristics. This subgroup is 
expected to gain more benefit from anti-inflammatory 
treatment.29 Therefore, patients who have synovitis (in-
flammatory phenotype) are anticipated to attain greater 
benefit from anti-inflammatory drugs which suppress 
adipose tissue-derived mediators of inflammation.6 So 
far, the results of treatment with anti-inflammatory drugs 
in particular disease-modifying anti-rheumatic drugs in 
OA have not been promising. Even at early stage of OA, 
treatment with potent anti-inflammatory treatment by us-
ing systemic and intra-articular biologic agents to inhibit 
TNFα and IL-1β, were disappointing.22 However, data in 
this context are scarce and limited to a few studies.30-33 
Only in one RCT of 60 patients with erosive hand OA, 
treatment with adalimumab for 12 months provided a 
small but significantly less radiological evolution of ero-
sive changes without a clear clinical benefit.30

Given a contributive role of dyslipidaemia as well as inflam-
mation in the pathogenesis of both atherosclerosis and 
OA, using statins (HMG-CoA reductase inhibitors) in the 
treatment of OA seems to be sounds and logical. Statins 
exert an anti-inflammatory effect via inhibiting the synthe-
sis of non-sterol isoprenoid compounds. Furthermore, 
statins improve endothelial cell function, stabilize ather-
osclerotic plaques, increase nitric oxide bioavailability, 
exert antioxidant properties and reduce smooth muscle 
cell proliferation. These properties are independent of their 
lipid-modifying effects.34 In addition, statin medications 
reduce production of IL‐6 and IL‐1β and provide an im-
munomodulatory effect through T cell activation as well as 
inhibition of IFNγ‐inducible class II major histocompatibility 
complex (MHC) expression.35 A meta-analysis of 15 stud-
ies revealed that treatment of rheumatoid arthritis patients 
with atorvastatin and simvastatin reduced significantly 
both serum lipids levels and markers of inflammation.36 

Since statins are commonly recommended for primary 
and secondary prevention of coronary heart disease, they 
can be also utilised for the prevention of cartilage degen-
eration and OA progression by both their anti-inflamma-
tory and lipid lowering properties.37-39 In particular, statins 
exert an additional influence on the release of cytokines, 
chemokines and MMP from chondrocytes, synoviocytes 
and infiltrating immune cells, and thus might play a role in 
the regulation of joint anabolism and catabolism.40

For these reasons, the potential of statins in the pre-
vention of OA progression has been examined in many 
longitudinal studies by comparison of statin users and 
non-user participants, but the results were inconsistent 
across different studies because of variations in study 
population, design of studies, and outcome measures.
To elucidate the effect of statin on OA and to summarise 
the existing data regarding preventive effect of statins in 
OA, English language databases were searched to identify 
potential studies which have been published in Medline/
PubMed, Scopus, and Google Scholar since 2000 by us-
ing keywords such as osteoarthritis, statins, progression, 
treatment, prevalence, synovitis, pain, relief. In addition, 
the references of the selected papers and review studies 
were also searched to find eligible papers. All relevant 
sources were critically analysed to ensure diversity in the 
sources and to avoid bias.41 A total of 125 studies were 
found, in which 55 papers were irrelevant based on the 
titles and were thus excluded. Among the 70 remaining 
studies, 41 were not eligible and removed. A total of 29 
full texts which have been identified for further review, out 
of which only 14 papers were eligible for analysis. The 
selected articles were categorized according to study 
designs and the results were presented under subhead-
ings in relation to effects of statins on joint symptoms and 
function, development, incidence, and progression of OA. 

INFLUENCE OF STATINS ON SYMPTOMS OF OA
The results of several studies which have compared OA 
symptoms between statin users and non-users vary from 
no effect to a small improvement of statin therapy on OA 
symptoms.42-44 
A few studies have found an increased risk of pain or 
poor function of the knee joint in statin users (Table 1). 
Efficacy of statins on OA symptoms is expected to be 
mediated through suppression of synovitis. However, 
synovitis is not the only cause of pain in KOA; obesity, 
muscle weakness, vitamin D deficiency, and mechanical 
factors also contribute to the development of pain in 
KOA which are not responsive to statins.45-47 In addition, 
muscle pain and weakness are adverse effects of statins 
therapy which have been reported in high percentage of 
statin users. These complications can mimic OA symp-
toms and confound the results.48 
Nonetheless, in community-dwelling adult participants 
of the Osteoarthritis Initiative study, statin treatment for 
more than 5 years as well as use of atorvastatin alone was 
associated with a lower risk of developing pain, whereas 
use of rosuvastatin was associated with increased risk of 
developing pain.42

To summarise, data regarding the association between 
statin therapy and symptoms of osteoarthritis are limited. 
Only one study found a decreased risk of pain develop-
ment in atorvastatin users or taking any statins for more 
than 5 years. 
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ASSOCIATION OF STATIN USE AND INCIDENT OA
Seven observational studies have compared incident 
OA between statin users and non-users (Table 2). Two 
earlier studies found lower risk of developing clinical OA 
in statin users vs. nonusers.49,50 In a study by Kadam et 
al.50 development of OA within 2 years of statin therapy 
was 18% lower than non-users, and in subjects taking 
statins for more than 4 years, incident of clinical OA in 
statin users was 40% lower than non-users. A recent 
7- year longitudinal study found a dose-dependent lower 
incidence of spinal degenerative joint disease (DJD) in 
statin users as compared with non-users.51 Conversely, 
in a retrospective cohort study, the risk of incident OA 
in statin users was higher. However, the results of latter 
study should be considered with limitation, because, in-
cident of OA was not the primary objective of this study, 
and persons who received statins even for a short period 
of 3 months were also included. Short-term exposure to 
statins is not only expected to affect the rate of incident 
OA, but could also be a source of overestimation.52

Alternatively, two observational studies found no as-
sociation between statin use and OA.53,54 Similarly, a 
meta-analysis of 11 observational studies found no sig-

nificant association between statin use and incident OA. 
However, in subgroup analysis, taking atorvastatin was 
associated with a decreased risk of incident OA, where-
as, using rosuvastatin was associated with increased risk 
of OA.55

To summarise, the results of studies on the association 
between use of statins and incident OA varied from re-
duced risk of OA to no effect or increased risk of incident 
OA. Factors such as adherence to statin use, duration of 
treatment with statin and cumulative dose of statins were 
associated with lower rate of incidence OA.

ASSOCIATION BETWEEN STATINS USE AND 
PROGRESSION OF OA
Efficacy of statins in the prevention of OA progression has 
been shown in several studies (Table 3). In participants 
of the Rotterdam Study, over a follow-up duration of 6.5 
years, statin use was associated with more than 50% 
decreased risk of progression of knee OA by OR = 0.43 
(0.25-0.77), but there was no effect on progression of 
hip OA.56 A few limitations of this study include absence 
of knee OA at baseline in most participants, loss of a 
significant number of patients during follow-up period, 

Table 1. Studies on the association between statins use and symptoms of osteoarthritis (OA).

Author(year) 
References

Study design, 
population Aims of study Results

Veronese 
(2019)42

A longitudinal study, 
a 4-year follow-up of 
4,448 community-
dwelling adults from the 
Osteoarthritis Initiative 
Study.

To determine 
whether statin 
use is associated 
with lower risk 
of radiographic 
OA radiographic 
symptomatic KOA 
a and pain

Using statins was not associated with lower 
risk of pain worsening, incident OA, or 
symptomatic KOA. However, statin use > 5 
years and using atorvastatin were associated 
with lower risk of developing pain by RR 
= 0.91(0.83-0.997) and rosuvastatin was 
associated with higher risk of developing pain 
by RR = 1.18 (1.12-1.24).

Peeters et al. 
(2015)43

 Data from middle 
-aged and older female 
participants of the 
Australian Longitudinal 
Study on Women’s 
Health. 

To determine 
the association 
between statin 
use and joint 
symptoms.

In middle-aged women statin was weakly 
associated with poor physical function by 
OR = 1.29(1.07-1.55) and poor self-reported 
health by OR = 1.35 (1.13-1.61). There was 
no association between statin use with joint 
pain/stiffness. 

Riddle et al. 
(2013) 44

Data provided for 2207 
participants of the 
Osteoarthritis Initiative 
Study with confirmed 
or suspected KOA. 
Statin users accounted 
for 6.7% of the sample 
in year 1 and 16.4% in 
year 4.

To assess the 
effect of statin on 
pain, function and 
structural changes 
in knee joint. 

Statin use was not associated with 
improvements in knee pain, function or 
structural progression after a 4 - year follow-
up period.

a KOA = Knee osteoarthritis  
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Table 2. Studies on the association between using statins and incident osteoarthritis (OA).

Author(year) 
References Study design, population Aims of study Results

Wang et al. 
(2020) 55

Meta-analysis of 11 
observational studies on 
the association between 
statin and OA comprised 
679,807 participants.

To determine the 
association of 
statin use with 
the incidence and 
progression of OA.

There was no significant association 
between statin use and symptomatic or 
radiologic OA as well as with incidence and 
progression of OA. However, subgroup 
analysis showed opposite effects of 
atorvastatin and rosuvastatin on OA.

Burkard et al. 
(2018)54

A propensity score-
matched cohort study of 
233,608 statin initiators 
vs. the same number of 
non-initiators from the 
participants of the UK-
based Clinical Practice 
Research Data line.

To determine the 
association between 
initiation of statin 
prescription and hand 
OA.

 Over a maximum follow-up duration of 5.5 
years, there was no different in the incident 
hand OA between statin initiator (patients 
initiated with ≥1 statin prescription) and 
non-initiators. 

Cheng et al. 
(2018)51

Longitudinal study of 
7238 statin users and 
164 454 non-users were 
followed for 7 years

Association between 
statin dosage and 
development of spinal 
degenerative disease 
(DJD).

In hypercholesterolemia patients who took 
higher cumulative dosage of statin (11900-
28000 mg) compared with a group taking 
< 5400 mg), development of spinal DJD 
reduced significantly by HR = 0.83 (0.70-
0.99). At dosages of > 28000 mg spinal 
DJD reduced further by HR= 0.81(0.68-
0.97).

Valdes et al. 
(2014)53

A case- control study, 
comprised 661 statin 
users and 2510 non-
user participants of the 
GOAL study. 

To determine the 
association of statin 
use with generalized 
nodal OA.

After adjustment for confounders, statin 
usage was not associated with nodal OA, 
hip OA or knee OA, but was associated 
with lower rate of GOA phenotype.

Kadam et al. 
(2013)50

Cohort design with a 
10-year follow-up period 
comprised 16,609 
cardiovascular patients.

To determine the 
association between 
statin use and 
occurrence of clinical 
OA by comparison of 
statin users and non-
users.

Use of statin was associated with 
significant reduction in clinical OA. Larger 
cumulative dosage was associated with 
greater reduction (18% in parsons using 
statins within 2 years and 40% in persons 
taking statins for > 4 years vs. non-users.

Mansi et al. 
(2013)52

 A retrospective cohort 
study comprised 12,980 
statin users and 45,997 
non-users taking statins 
for more than 3 months 
vs. non-users. 

To determine the 
incidence of various 
musculoskeletal and 
neoplastic diseases 
in statin users and 
nonusers.

Over a 4-year follow-up period, using statin 
for at least 3 moths was associated with 
higher rates of OA by OR =1.26 (1.19-
1.33), and arthropathies by OR = 1.20 
(1.12-1.27) as compared with non-users.

Chodick et al. 
(2010)49

A population -based 
cohort study comprised 
211,627 and 193,770 
statin users (individuals 
who began statin therapy 
between 1998 and 2007).

To determine 
development of 
incident RA and risk 
of OA among adults 
with persistent and 
nonpersistent statin 
users

Over 9-year follow-up, in highly persistent 
patients who were covered with statin for at 
least 80% of the follow-up period, incidence 
of RA decreased by HR = 0.58 (0.52-0.65) 
and risk of OA decreased by HR= 0.85 
(0.81-0.88) as compared with nonadherent 
patients.
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and availability of final radiographs only for the 38% of 
the included participants. These issues could be sources 
of underestimation of OA progression. Furthermore, in 

this study, assessment of radiographic progression was 
confirmed by Kellgren and Lawrence score (K-L), which 
is not sensitive enough. Over 6 years of follow-up period 

Table 3. Studies on the association between statin use and progression of osteoarthritis (OA).

Author(year) 
References

Study design, 
population Aims of study Results

Cook et al. 
(2020)58

 Data from a large 
population-based 
clinical database 
comprised 151,305 
participants, who 
underwent a THA/
TKAa surgery from 
1988 to 2016. 

To determine the 
association between time 
of initiation and duration 
of statins exposure with 
risk of revision of hip/knee 
arthroplasty after total hip/
knee arthroplasty (THA/
TKA).   

Exposure to statins within 1 year and 
1-5 years following THA/TKA reduced 
risk of revision arthroplasty by HR = 0.82 
(0.75-0.90). Exposure > 5 years vs. < 
1 year was associated with further risk 
reduction by HR = 0.74 (0.62-0.88).

Haj-Mirzaian et 
al. (2019)57

A longitudinal 
PSM b study, 
retrospective analysis 
of prospectively 
collected data from 
Osteoarthritis Initiative 
cohort

To assess the incidence 
of radiographic KOA and 
progression of joint space 
narrowing (JSN) in stain 
users vs. nonuser over 
8 years of follow-up with 
regard to Heberden nodes 
(HN)

Only in HN - positive patients statin use 
was associated with decreased risk of 
JSN by 46%, but not in HN negative
 

Eymard et al. 
(2018)61

Longitudinal follow-
up of 336 participants 
from placebo arm 
of the SEKOIA 
trial. Statin users 
accounted for 21.1% 
of participants.

To assess the impact of 
statin use on incidence 
and radiologic progression 
of knee osteoarthritis in 
patients with symptomatic 
disease.

Taking statin was associated with 
increased risk of JSN ≥ 0.5 mm over 
3 years independent of confounding 
factors. 

Michaëlsson et 
al. (2017)62

Longitudinal study 
by pooled analysis 
of 4 population-
based large cohorts 
comprised 132,607 
persons.

Association between 
statin use and risk of 
progression of knee 
osteoarthritis (KOA) by 
comparison of users vs. 
non-users

Risk of consultation or surgery of KOA or 
hip OA did not differ between non-users 
and current users of statins. Over a 7.5-
year follow-up, the risk did not change 
by dose and duration of treatment. 
Furthermore, risk of KOA in parsons 
taking statins for less than 1 year did not 
differ with those > 3 years 

Riddle et al. 
(2013)44

Data provided for 
2207 participants 
of the Osteoarthritis 
Initiative Study 
with confirmed or 
suspected knee 
OA. Statin users 
accounted for 6.7% 
of the sample in year 
1 and 16.4% in year 
4.

To assess the effect of 
statin on pain, function 
and radiographic changes 
in knee joint diagnosed 
by Kellen-Lawrence (K-L) 
radiographic grade

Statin use was not associated with knee 
pain, function or structural progression 
after a 4- year follow-up period.
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only 3% of statin users and 7.3% of non-users showed 
structural changes. 
Similarly, a decreased risk of radiographic progression 
of OA was observed in participants of the Osteoarthritis 
Initiative study. In this study, statins use decreased the 
risk of OA progression only in Heberden node-positive 
patients but not in Heberden node-negative patients.57 
Inconsistent findings in this study may indicate that the 
two groups of hand OA differ in regard to mechanisms 
and the associated factors of progression.
Two studies found decreased risk of revision hip/knee 
arthroplasty in statin users versus non-users. In these 
studies, in patients with previous THA/TKA operation, 
requirement for hip or knee replacement surgery de-
creased significantly in statins users.58,59 Similarly, in 
Osteoporotic Fracture study there was a trend toward 
decreased risk of progression of radiographic hip OA 
in elderly statin user women who had OA at baseline, 
whereas in subjects without baseline OA, taking statins 
was associated with 1.95 times (1.03-4.43) increased 
risk of developing new incident hip OA.60

In contrast, in a 3-year longitudinal study comprised 
336 participants of the placebo arm of the SEKOIA trial, 
statin use was associated with a significant radiologic 

progression of JSN in statin users versus non-users.61 
Conflicting results of this study have been attributed to 
several possibility including reverse causality, side effects 
of statins (muscle pain and weakness). However, the 
study lacked data regarding severity of hyperlipidaemia, 
dosage and duration of treatment, cumulative dose of 
statin. These factors as well as hyperlipidaemia itself can 
influence on OA progression.25

On the other hand, in Osteoarthritis Initiative Study, use of 
statin over a 4-year follow-up period was not associated 
with OA progression.44 This study also had limitations re-
garding lack of OA at baseline in a significant proportion 
of participants and using K-L score for assessment of 
OA progression, which both conditions are subject to 
biases and underestimation of the results. 
Also, a pooled analysis of 4 population-based large co-
horts comprised 132,607 persons found no significant 
difference in risk of consultation or surgery of KOA or hip 
OA between non-users and current users of statins for 
7.5-year follow-up period.62

To summarise, although the study designs varied widely, 
but most studies found a decreased risk of OA progres-
sion in statin users. 
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Table 3. Studies on the association between statin use and progression of osteoarthritis (OA). Continued from previous page

Author(year) 
References

Study design, 
population Aims of study Results

Clockaerts et 
al. (2012)56

 Prospective 
population-based 
cohort study, 2921 
participants aged > 
55 years old were 
followed for 6.5 years

To determine association 
of statin therapy with 
incidence and progression 
of knee osteoarthritis 
(KOA) and hip OA 
diagnosed by K-L score

In statin users, progression of KOA 
decreased by adjusted OR = 0.43 
(0.25-0.77), but statins use was not 
associated with overall progression of 
hip OA

Beattie et al. 
(2005)60

Longitudinal study, 
5674 participants 
of the Study of 
Osteoporotic Fracture 
were followed 
between year 6 and 
year 8. 

To determine the association 
between using statin and 
development of hip OA in 
subjects without baseline 
disease and progression 
of radiographic hip OA in 
elderly women with hip 
OA based on the number 
and type of individual 
radiographic features.

After an average period of 8 years, 
there was a trend toward decreased 
progression of radiographic hip OA in 
statin users. But in subjects without 
baseline OA statin use was associated 
with increased risk of new radiographic 
incident hip OA by OR = 1.95(1.03-
4.43).

Sarmanova et 
al. (2020)59

PSM longitudinal 
cohort study of 178 
467 statin users vs. 
178 467 non-users

To examine association 
between statin use and 
risk of joint replacement 
surgery due to OA and 
rheumatoid arthritis.

Statin at high intensity (potency to 
reduce LDL by 42-55%) reduced the risk 
of hip or knee replacement surgery only 
in RA by 23% but not in OA.

a Total hip/knee arthroplasty (THA/TKA)    
b PSM = Propensity-score matched 
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LIMITATIONS 
The results on the association between statin therapy 
and OA vary across various studies. Discrepancies on 
the risk of development or progression of OA can be 
attributed to several factors in particular to the study 
design, patient selection, and variations in methods 
used for the diagnosis of OA, the type of statins, dosage 
and duration of treatment and outcome measures. The 
observational research -either prospective or retrospec-
tive- does not benefit from randomization, and therefore 
the results are prone to selection bias, and so there is 
a tendency to overestimation or underestimation of the 
values of population. 
All studies in this review compared OA outcomes be-
tween statin users and non-users. The case groups who 
were taking statins for dyslipidaemia were compared with 
the control group who did not require statins. However, 
absence of hyperlipidaemia has not been shown in the 
control groups of previous studies, since hyperlipidaemia 
in itself is a risk factor of osteoarthritis.25 Therefore, the 
presence of hyperlipidaemia in statin non-user control 
group can result in OA progression and results in un-
derestimation of treatment response in case group.51,59 
Variations in clinical response to statins may be also 
explained by the presence factors other than synovitis 
which are the source of pain in OA but not responsive 
to anti-inflammatory effect of statins.45 Various outcomes 
and different measures for assessment of treatment 
outcomes could be also sources of discrepancies be-
tween studies. The sensitivity of measures such as K-L 
score or JSN which have been used for the evaluation of 
radiographic progression in these studies can differently 
affect outcome measure and lead to contradictories. The 
K-L score is dependent to osteophytes rather than JSN, 
therefore, it is not sensitive enough to small structural 
changes, but in contrast JSN is more sensitive than K-L 
score, hence it has been considered as a gold standard 
measure for the detection of radiographic changes, 
and also to show the protective effect of treatments.61 
Similarly, other outcomes such as risk of consultation 
for surgery, or surgery of KOA or hip OA, risk of joint 
replacement surgery or risk of revision of hip/knee arthro-
plasty following THA/TKA, and the time of consultation 
for replacement surgery, which have been used to show 
preventive effect of statins in some studies, are largely 
dependent to individual decision of treating physician or 
patient symptoms, and so can differently confound the 
results of studies and lead to biases.
Recent observations indicate that OA manifests with 
several phenotypes in terms of clinical features. The 
presence of inflammatory characteristics such as 
synovitis, joint effusion, inflammatory pain and stiffness 
(subgroup with inflammatory phenotype) implicates a 
therapeutic strategy, but this type of presentation is 
temporal and does not persist in all stages of the OA 

process.63 Therefore, varieties in distributions of OA phe-
notypes are also a source of bias, because the aetiology 
and mechanisms of OA progression and thus response 
to treatment differ across various phenotypes.
The impacts of factors such as patient selection, retro-
spective study design, patient adherence to long-term 
statin therapy, and several unmeasured variables including 
patient characteristics, severity of OA at baseline, site of 
OA may be the source of biases and confound the results.

CONCLUSION
Regarding an important contribution of systemic inflam-
mation in the development and progression of OA, using 
statins as an anti-inflammatory medication to prevent 
development or progression of OA is reasonable. In 
particular, elderly people with OA, both atherosclerosis 
and metabolic syndrome are prevalent. Taking statins 
for primary or secondary prevention of atherosclerotic 
coronary heart disease, can provide additional beneficial 
effects against OA progression. However, the dosage 
and duration of treatment with statins as well as the 
magnitude of efficacy against OA are unclear, and identi-
fication of patients who can achieve the most therapeutic 
benefits is also challenging.
Among several phenotypes of OA, only inflammatory 
phenotype who present with synovitis are expected to 
get most benefit from statin therapy. Although the diag-
nosis of synovitis even at early stage of OA is possible by 
using sensitive imaging methods such as MRI/US, but 
in daily clinical practice application of these measures 
is neither possible nor economical. Thus, identification 
of clinical synovitis based on the presence of joint pain, 
stiffness, effusion, and swelling indicates inflammatory 
phenotype and a possible responsiveness to statin 
therapy. However, these characteristics which implicates 
a therapeutic strategy are temporal and do not persist in 
all stages of OA process. 
In general, obese people and diabetics as well as sub-
jects with MetS and cardiovascular disease who have 
coexistent OA are more eligible to be considered for 
statin therapy, since these people are more likely to have 
OA and are also at greater risk of future development 
of cardiovascular complications. Hence, statin therapy 
in these populations is widely advised regardless of the 
presence or absence of OA. 
Current data regarding efficacy of statins in OA were 
provided from retrospective observational studies which 
are often prone to selection bias, recall bias, and mis-
classification bias, and the study populations of these 
studies do not represent general population. Therefore, 
this issue requires further studies, especially randomised 
clinical trials in which OA symptoms and progression 
being compared between statin user and a placebo 
group. Nonetheless, unless a formal analysis with weight 
analysis is made, a conclusion cannot be drawn.



235

TITLE

DISCLAIMER
No part of the present review was published or copied 
from elsewhere.

AUTHOR CONTRIBUTIONS
BH: Literature search, manuscript preparation and review
MB: Literature search, manuscript preparation and 
review
BYG: Literature search, manuscript preparation and 
review

ACKNOWLEDGEMENT
We hereby thank the Rouhani Hospital Clinical Research 
Development Unit in typing, data preparation, and man-
uscript submission. 

CONFLICT OF INTEREST
The authors declare no conflict of interest.

REFERENCES 
1.	 Heidari B. Knee osteoarthritis prevalence, risk factors, pathogene-

sis and features: Part I. Caspian J Intern Med 2011;2(2):205-12.
2.	 Heidari B. Knee osteoarthritis diagnosis, treatment and as-

sociated factors of progression: part II. Caspian J Intern Med 
2011;2(3):249-55.

3.	 Wang T, He C. Pro-inflammatory cytokines: The link between obesi-
ty and osteoarthritis. Cytokine Growth Factor Rev 2018;44:38-50. 

4.	 Hacken B, Rogers A, Chinchilli V, Silvis M, Mosher T, Black K. 
Improvement in knee osteoarthritis pain and function follow-
ing bariatric surgery: 5-year follow-up. Surg Obes Relat Dis 
2019;15(6):979-84.

5.	 Issa RI, Griffin TM. Pathobiology of obesity and osteoarthritis: 
integrating biomechanics and inflammation. Pathobiol Aging Age 
Relat Dis 2012;2(2012):10.3402/pba.v2i0.17470.

6.	 Urban H, Little CB. The role of fat and inflammation in the 
pathogenesis and management of osteoarthritis. Rheumatology 
2018;57:iv10iv21.

7.	 Hijssen E, van Caam A, van der Kraan PM. Obesity and osteo-
arthritis, more than just wear and tear: pivotal roles for inflamed 
adipose tissue and dyslipidaemia in obesity-induced osteoarthritis. 
Rheumatology (Oxford) 2015;54(4):588-600. 

8.	 Hajian-Tilaki K, Heidari B, Firouzjahi AR. Clustering of cardio 
metabolic risk factors in Iranian adult population: A growing 
problem in the north of Iran. Diabetes Metab Syndr 2017;11 Suppl 
1:S277-S281.

9.	 Babaei M, Javadian Y, Narimani H, Ranaei M, Heidari B, Basereh 
H, et al. Correlation between systemic markers of inflammation and 
local synovitis in knee osteoarthritis. Caspian J Intern Med 2019 
Fall;10(4):383-7.

10.	Findlay DM. Vascular pathology and osteoarthritis. Rheumatology 
(Oxford) 2007;46(12):1763-8.

11.	Gkretsi V, Simopoulou T, Tsezou A. Lipid metabolism and 
osteoarthritis: lessons from atherosclerosis. Prog Lipid Res 
2011;50(2):133-140.

12.	Farnaghi S, Crawford R, Xiao Y, Prasadam I. Cholesterol metab-
olism in pathogenesis of osteoarthritis disease. Int J Rheum Dis 
2017;20(2):131-40.

13.	Yudoh K, Karasawa R. Statin prevents chondrocyte aging and de-
generation of articular cartilage in osteoarthritis (OA). Aging (Albany 
NY) 2010;2(12):990-8. 

14.	Gustafson B. Adipose tissue, inflammation and atherosclerosis. J 
Atheroscler Thromb 2010;17(4):332-41.

15.	Hoeven TA, Kavousi M, Ikram MA, van Meurs JB, Bindels PJ, 
Hofman A, et al. Markers of atherosclerosis in relation to presence 

and progression of knee osteoarthritis: a population-based cohort 
study. Rheumatology (Oxford) 2015 Sep;54(9):1692-8.

16.	Garcia-Gil M, Reyes C, Ramos R, Sanchez-Santos MT, Prieto-
Alhambra D, Spector TD. et al. Serum Lipid Levels and Risk Of 
Hand Osteoarthritis: The Chingford Prospective Cohort Study. Sci 
Rep 2017 Jun 9;7(1):3147. 

17.	Conaghan PG, Vanharanta H, Dieppe PA. Is progressive oste-
oarthritis an atheromatous vascular disease? Ann Rheum Dis 
2005;64:1539-41.

18.	Bierma-Zeinstra SMA, Waarsing JH. The role of atherosclerosis in 
osteoarthritis. Best Pract Res Clin Rheumatol 2017;31(5):613-33.

19.	Bierma-Zeinstra SMA, Hoeven TA, Waarsing JH. Is having OA an 
independent risk factor for cardiovascular events? Osteoarthritis 
Cartilage 2017;25(7):997-9. 

20.	Wen CY, Chen Y, Tang HL, Yan CH, Lu WW, Chiu KY. Bone 
loss at subchondral plate in knee osteoarthritis patients with 
hypertension and type 2 diabetes mellitus. Osteoarthritis Cartilage 
2013;21(11):1716-23.

21.	Bierma-Zeinstra SM, Koes BW. Risk factors and prognostic 
factors of hip and knee osteoarthritis. Nat Clin Pract Rheumatol 
2007;3(2):78-85. 

22.	Courties A, Sellam J, Berenbaum F. Metabolic syndrome-associat-
ed osteoarthritis. Curr Opin Rheumatol 2017;29(2):214-22. 

23.	Distel E, Cadoudal T, Durant S, Poignard A, Chevalier X, Benelli 
C. The infrapatellar fat pad in knee osteoarthritis: an important 
source of interleukin-6 and its soluble receptor. Arthritis Rheum 
2009;60(11):3374-7.

24.	Baker JF, Walsh P, Mulhall KJ. Statins: a potential role in the man-
agement of osteoarthritis?. Joint Bone Spine 2011;78(1):31-4.

25.	Zhou M, Guo Y, Wang D, Shi D, Li W, Liu Y, et al. The cross-section-
al and longitudinal effect of hyperlipidemia on knee osteoarthritis: 
Results from the Dongfeng-Tongji cohort in China. Sci Rep 2017 
Aug 29;7(1):9739.

26.	Frey N, Hügle T, Jick SS, Meier CR, Spoendlin J. Hyperlipidaemia 
and incident osteoarthritis of the hand: a population-based 
case-control study. Osteoarthritis Cartilage 2017;25(7):1040-5.

27.	Xiong J, Long J, Chen X, Li Y, Song H. Dyslipidemia Might Be 
Associated with an Increased Risk of Osteoarthritis. Biomed Res 
Int 2020;2020:3105248. 

28.	Gierman LM, Kühnast S, Koudijs A, Pieterman EJ, Kloppenburg 
M, van Osch GJ, et al. Osteoarthritis development is induced by 
increased dietary cholesterol and can be inhibited by atorvastatin 
in APOE*3Leiden.CETP mice--a translational model for atheroscle-
rosis. Ann Rheum Dis 2014 May;73(5):921-7.

29.	Grässel S, Muschter D. Recent advances in the treatment of 
osteoarthritis. F1000Res. 2020;9:F1000 Faculty Rev-325. 

30.	Verbruggen G, Wittoek R, Vander Cruyssen B, Elewaut D. Tumour 
necrosis factor blockade for the treatment of erosive osteoarthritis 
of the interphalangeal finger joints: a double blind, randomised trial 
on structure modification. Ann Rheum Dis 2012 Jun;71(6):891-8.

31.	Chevalier X, Ravaud P, Maheu E, Baron G, Rialland A, Vergnaud P, 
et al. Adalimumab in patients with hand osteoarthritis refractory to 
analgesics and NSAIDs: a randomised, multicentre, double-blind, 
placebo-controlled trial. Ann Rheum Dis 2015 Sep;74(9):1697-705.

32.	Aitken D, Laslett LL, Pan F, Haugen IK, Otahal P, Bellamy N. et 
al. A randomised double-blind placebo-controlled crossover 
trial of HUMira (adalimumab) for erosive hand OsteoaRthritis - the 
HUMOR trial. Osteoarthritis Cartilage 2018 Jul;26(7):880-7.

33.	Kloppenburg M, Ramonda R, Bobacz K, Kwok WY, Elewaut D, 
Huizinga TWJ, et al. Etanercept in patients with inflammatory hand 
osteoarthritis (EHOA): a multicentre, randomised, double-blind, 
placebo-controlled trial. Ann Rheum Dis 2018 Dec;77(12):1757-64.

34.	Lennernäs H. Clinical Pharmacokinetics of Atorvastatin. Clin 
Pharmacokinet 42 2003;1141-60.

35.	Abeles AM, Pillinger MH. Statins as antiinflammatory and immu-
nomodulatoragents: a future in rheumatologic therapy? Arthritis 
Rheum 2006;54(2):393-407. 

36.	Li GM, Zhao J, Li B, Zhang XF, Ma JX, Ma XL, et al. The anti-in-
flammatory effects of statins on patients with rheumatoid arthritis: 

PREVENTION OF OSTEOARTHRITIS PROGRESSION BY STATINS, TARGETING METABOLIC AND INFLAMMATORY ASPECTS: A REVIEW



MEDITERRANEAN JOURNAL 
OF RHEUMATOLOGY

32
3
2021

236

MEDITERRANEAN JOURNAL 
OF RHEUMATOLOGY

32
3
2021

A systemic review and meta-analysis of 15 randomized controlled 
trials. Autoimmun Rev 2018 Mar;17(3):215-25.

37.	Antonopoulos AS, Margaritis M, Lee R, Channon K, Antoniades 
C. Statins as anti-inflammatory agents in atherogenesis: molecular 
mechanisms and lessons from the recent clinical trials. Curr Pharm 
Des 2012;18(11):1519-30.

38.	Jain, M., Ridker, P. Anti-Inflammatory Effects of Statins: Clinical 
Evidence and Basic Mechanisms. Nat Rev Drug Discov 
2005;4:977-87. 

39.	Bernard MY Cheung, Karen SL Lam. Efficacy and safety of 
statin therapy in older. people: a meta-analysis of individual 
participant data from 28 randomised controlled trials. 2019 Feb 
2;393(10170):407-15.

40.	Chow YY, Chin KY. The Role of Inflammation in the Pathogenesis 
of Osteoarthritis. Mediators Inflamm 2020;2020:8293921. 

41.	Gasparyan AY, Ayvazyan L, Blackmore H, Kitas GD. Writing a 
narrative biomedical review: considerations for authors, peer 
reviewers, and editors. Rheumatol Int 2011 Nov;31(11):1409-17.

42.	Veronese N, Koyanagi A, Stubbs B, Cooper C, Guglielmi G, 
Rizzoli R, et al. Statin Use and Knee Osteoarthritis Outcomes: 
A Longitudinal Cohort Study. Arthritis Care Res (Hoboken) 2019 
Aug;71(8):1052-8.

43.	Peeters G, Tett SE, Conaghan PG, Mishra GD, Dobson AJ. Is statin 
use associated with new joint-related symptoms, physical function, 
and quality of life? Results from two population-based cohorts of 
women. Arthritis Care Res (Hoboken) 2015;67(1):13-20. 

44.	Riddle DL, Moxley G, Dumenci L. Associations between statin 
use and changes in pain, function and structural progression: a 
longitudinal study of persons with knee osteoarthritis. Ann Rheum 
Dis 2013;72(2):196-203.

45.	Heidari B, Hajian-Tilaki K, Babaei M. Determinants of pain in pa-
tients with symptomatic knee osteoarthritis. Caspian J Intern Med 
2016;7(3):153-61.

46.	Heidari B, Javadian Y, Babaei M, Yousef-Ghahari B. Restorative 
effect of vitamin D deficiency on knee pain and quadriceps in knee 
osteoarthritis. Acta Med Iran 2015;53:466-70.

47.	Sanghi D, Mishra A, Sharma AC, Singh A, Natu SM, Agarwal 
S, et al. Does vitamin D improve osteoarthritis of the knee: a 
randomized controlled pilot trial. Clin Orthop Relat Res 2013 
Nov;471(11):3556-62. 

48.	Cham S, Evans MA, Denenberg JO, Golomb BA. Statin-associated 
muscle-related adverse effects: a case series of 354 patients. 
Pharmacotherapy 2010;30(6):541-53. 

49.	Chodick G, Amital H, Shalem Y, Kokia E, Heymann AD, Porath 
A, et al. Persistence with statins and onset of rheumatoid 
arthritis: a population-based cohort study. PLoS Med 2010 Sep 
7;7(9):e1000336.

50.	Kadam UT, Blagojevic M, Belcher J. Statin use and clinical osteo-
arthritis in the general population: a longitudinal study. J Gen Intern 
Med 2013;28(7):943-9. 

51.	Cheng YY, Kao CL, Lin SY, Chang ST, Wei TS, Chang SN, et al. 
Effect of an increased dosage of statins on spinal degenerative 
joint disease: a retrospective cohort study. BMJ Open 2018 Feb 
8;8(2):e017442.

52.	Mansi IA, Mortensen EM, Pugh MJ, Wegner M, Frei CR. Incidence 
of musculoskeletal and neoplastic diseases in patients on statin 
therapy: results of a retrospective cohort analysis. Am J Med Sci 
2013;345(5):343-8. 

53.	Valdes AM, Zhang W, Muir K, Maciewicz RA, Doherty S, Doherty M. 
Use of statins is associated with a lower prevalence of generalised 
osteoarthritis. Ann Rheum Dis 2014 May;73(5):943-5. 

54.	Burkard T, Hügle T, Layton JB, Glynn RJ, Bloechliger M, Frey N, 
et al. Risk of Incident Osteoarthritis of the Hand in Statin Initiators: 
A Sequential Cohort Study. Arthritis Care Res (Hoboken) 2018 
Dec;70(12):1795-805.

55.	Wang J, Dong J, Yang J, Wang Y, Liu J. Association between statin 
use and incidence or progression of osteoarthritis: meta-analysis of 
observational studies Osteoarthritis Cart [published online ahead of 
print, 2020 Apr 29]. 

56.	Clockaerts S, Van Osch GJ, Bastiaansen-Jenniskens YM, Verhaar 
JA, Van Glabbeek F, Van Meurs JB, et al. Statin use is associated 
with reduced incidence and progression of knee osteoarthritis 
in the Rotterdam study. Ann Rheum Dis 2012 May;71(5):642-7. 
Erratum in: Ann Rheum Dis 2012 Jul;71(7):1264. 

57.	Haj-Mirzaian A, Mohajer B, Guermazi A, Conaghan PG, Lima 
JAC, Blaha MJ, et al. Statin Use and Knee Osteoarthritis 
Outcome Measures according to the Presence of Heberden 
Nodes: Results from the Osteoarthritis Initiative. Radiology 2019 
Nov;293(2):396-404.

58.	Cook MJ, Sorial AK, Lunt M, Board TN, O’Neill TW. Effect of Timing 
and Duration of Statin Exposure on Risk of Hip or Knee Revision 
Arthroplasty: A Population-based Cohort Study. J Rheumatol 
2020;47(3):441-8.

59.	Sarmanova A, Doherty M, Kuo C, Wei J, Abhishek A, Mallen C, 
et al. Statin use and risk of joint replacement due to osteoarthritis 
and rheumatoid arthritis: a propensity-score matched longitudinal 
cohort study. Rheumatology (Oxford) 2020 Oct 1;59(10):2898-
907. Erratum in: Rheumatology (Oxford) 2020 Oct 1;59(10):3120. 

60.	Beattie MS, Lane NE, Hung YY, Nevitt MC. Association of statin 
use and development and progression of hip osteoarthritis in 
elderly women. J Rheumatol 2005;32(1):106-10.

61.	Eymard F, Parsons C, Edwards MH, Petit-Dop F, Reginster JY, 
Bruyère O, et al. Statin use and knee osteoarthritis progression: 
Results from a post-hoc analysis of the SEKOIA trial. Joint Bone 
Spine 2018 Oct;85(5):609-14. 

62.	Michaëlsson K, Lohmander LS, Turkiewicz A, Wolk A, Nilsson P, 
Englund M. Association between statin use and consultation or 
surgery for osteoarthritis of the hip or knee: a pooled analysis of 
four cohort studies. Osteoarthritis Cartilage 2017;25(11):1804-13.

63.	Dell’Isola A, Allan R, Smith SL, Marreiros SS, Steultjens M. 
Identification of clinical phenotypes in knee osteoarthritis: a sys-
tematic review of the literature. BMC Musculoskelet Disord 2016 
Oct 12;17(1):425. 


