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ABSTRACT
Background Osteoarthritis is the most frequent 

chronic joint disease causing pain and disability. 

Besides biomechanical mechanisms, the pathogenesis 

of osteoarthritis may involve infl ammation, vascular 

alterations and dysregulation of lipid metabolism. As 

statins are able to modulate many of these processes, 

this study examines whether statin use is associated 

with a decreased incidence and/or progression of 

osteoarthritis.

Methods Participants in a prospective population-

based cohort study aged 55 years and older (n=2921) 

were included. x-Rays of the knee/hip were obtained 

at baseline and after on average 6.5 years, and scored 

using the Kellgren and Lawrence score for osteoarthritis. 

Any increase in score was defi ned as overall progression 

(incidence and progression). Data on covariables were 

collected at baseline. Information on statin use during 

follow-up was obtained from computerised pharmacy 

databases. The overall progression of osteoarthritis was 

compared between users and non-users of statins. Using 

a multivariate logistic regression model with generalised 

estimating equation, OR and 95% CI were calculated after 

adjusting for confounding variables.

Results Overall progression of knee and hip 

osteoarthritis occurred in 6.9% and 4.7% of cases, 

respectively. The adjusted OR for overall progression of 

knee osteoarthritis in statin users was 0.43 (95% CI 0.25 

to 0.77, p=0.01). The use of statins was not associated 

with overall progression of hip osteoarthritis.

Conclusions Statin use is associated with more than a 

50% reduction in overall progression of osteoarthritis of 

the knee, but not of the hip.

Osteoarthritis is the most common form of arthrop-
athy. It affects 9.6% of men and 18% of women 
aged 60 years or older and is the leading cause 
of disability in older people.1 2 The aetiology of 
osteoarthritis is not completely understood. Besides 
genetic variation and biomechanical mechanisms, 
infl ammation can lead to cartilage matrix break-
down, synovial hypertrophy, subchondral bone 
sclerosis and osteophyte formation.3–5 The patho-
genesis of osteoarthritis might also involve altered 
lipid metabolism and vascular pathology.6–8

Current treatment of osteoarthritis consists of 
exercise therapy and lifestyle adjustment, with 
pharmacotherapeutic treatment of symptoms 

when needed. However, the therapeutic effi cacy 
of this treatment is small to moderate.9 Until 
now, there is no disease-modifying compound 
for  osteoarthritis.5 9 In the past few decades, drug 
research and development has mainly focused on 
articular cartilage, even though the whole joint is 
affected in osteoarthritis and the disease process 
may also be infl uenced by systemic factors.

In addition to lowering the circulating level of 
low-density lipoproteins, statins have a broad 
range of biological effects including anti-infl amma-
tory properties in different cell types. In-vitro stud-
ies revealed that statins have antioxidative effects, 
decrease the production of matrix metalloprotei-
nases, interleukins and increase the production of 
aggrecan and collagen type II in chondrocytes.10 In 
synovial cells, statins also decrease the production 
of matrix metalloproteinases, interleukins, chemok-
ines and induce apoptosis in synovial fi broblasts.10 
Furthermore, statins might infl uence osteoarthri-
tis by their ability to inhibit osteoclastogenesis, 
to stimulate bone formation and to counteract 
possible underlying mechanisms of osteoarthri-
tis, such as decreasing plasma low-density lipo-
protein levels, vascular pathology and systemic 
infl ammation.11–13

Statins are now frequently used as lipid-lowering 
drugs. As statins seem capable of targeting differ-
ent underlying mechanisms of osteoarthritis, these 
drugs have been suggested as possible disease-
modifying drugs for osteoarthritis.6 14–16 However, 
reliable data to support this assumption are lack-
ing. Therefore, this study examines the association 
between statin use and the incidence and/or pro-
gression of knee and/or hip osteoarthritis in a large 
population-based study.

METHODS
Study population
The Rotterdam study is a prospective population-
based cohort study set up to investigate the occur-
rence and determinants of diseases in an ageing 
population.17 All 10 275 inhabitants aged 55 years 
and older who have lived for at least 1 year in the 
Ommoord district of the city of Rotterdam were 
asked to participate. The response rate was 78%, 
which means that 7983 individuals responded. The 
Medical Ethics Committee of the Erasmus MC 
University Medical Center approved the study and 
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distance of 120 cm, applying a Fuji high resolution G 35×43 cm 
fi lm. The knee was extended with the patella in a central posi-
tion. Radiographs of the pelvis were obtained with both feet in 
10° internal rotation and the x-ray beam centred on the umbi-
licus. Radiographs were assessed following the Kellgren and 
Lawrence (K&L) grading system,20–23 atlas based, in fi ve (0–4) 
grades (table 1). In addition, we defi ned a joint prosthesis as 
grade 5.24 Each radiograph was scored by one trained reader of 
in total seven readers. The interrater reliability between two of 
the seven readers was tested in a random set of 10% of radio-
graphs. The κ value (cut-off value: K&L score ≥2) was 0.71 (95% 
CI 0.66 to 0.76) for the knee and 0.74 (95% CI 0.70 to 0.78) for 
the hip. The radiographs at baseline and follow-up were read 
without knowledge of the clinical status of the participants or 
without knowledge of the research hypothesis or exposure sta-
tus of the participants. Left and right radiographs were grouped 
per subject and read by pairs in chronological order.25 As there is 
no consensus on the defi nition of incidence and progression, we 
combined both in one defi nition for the overall progression of 
osteoarthritis. This was defi ned as an increase in the K&L score 
between baseline and follow-up of 1 or more. In the case of a 
baseline score 0, overall progression was defi ned as an increase 
of 2 or more. Patients with scores 4 or 5 at baseline were left out 
of the analysis. For transparency we also reported on previously 
used outcomes for incidence and progression separately (inci-
dence defi ned as score 0 or 1 at baseline and a follow-up score of 
2 or more; progression defi ned as a baseline score of 1, 2, 3 and 
an increase of 1 or more).26

Co-factors
Trained interviewers gathered information on medical history 
and risk factors for chronic diseases. Participants were invited 
to visit the research centre for clinical examinations and labora-
tory assessments. The following information was collected and 
defi ned as possible confounders for the present study: gender, 
age, body mass index (BMI; weight (kg)/height (m2)), femoral 
bone mineral density (BMD; measured by dual-energy x-ray 
absorptiometry; Lunar DPX-L densitometer, Lunar Corporation, 
Madison, WI), total cholesterol/high-density lipoprotein (HDL) 
ratio (serum total cholesterol determined by an enzymatic pro-
cedure, HDL measured after precipitation of non-HDL choles-
terol), current smoking (self-reported), diabetes mellitus (use of 
glucose-lowering medication or non-fasting random or postload 
glucose levels exceeding 11.0 mmol/l), peripheral artery disease 

all participants gave written informed consent. Baseline measure-
ments were obtained from 1990 to 1993 and consisted of a home 
interview and visits to the research centre for physical examina-
tions. Follow-up data were collected during a follow-up visit from 
1996 to 1999. The present study includes participants for whom 
radiographs of knees and hips at baseline and follow-up were 
present and scored. Patients with Bechterew’s disease, rheuma-
toid arthritis, gout, upper leg fractures (for knee osteoarthritis) 
and hip fractures (for hip osteoarthritis) were excluded.

Exposure assessment
Within the Ommoord district, seven fully computerised pharma-
cies are linked to one computer network. Ninety-eight per cent 
of the participants fi lled their prescriptions in one of these phar-
macies during the period from baseline to follow-up. All data on 
dispensed drugs are available in computerised form on a day-to-
day basis. Information is available on the date of prescribing, the 
total amount of drug units on each prescription, the prescribed 
daily number of units, the product name of the drugs and the 
anatomical therapeutic chemical code.18 For each participant, 
the use of statins was extracted for the period between baseline 
and the follow-up visit. To avoid non- differential misclassifi ca-
tion of exposure, we excluded participants who were taking 
statins at baseline, as no data were available on the duration 
of the use of statins during the period before baseline. Subjects 
with a cumulative use of less than 120 days and/or a daily intake 
of less than 50% of the recommended daily adult dose for the 
treatment of hypercholesterolemia in The Netherlands were 
considered as non-users because below this period and dose 
a substantial protective effect on a slowly progressive disease 
such as osteoarthritis can not be expected. To investigate the 
effects of increasing cumulative exposure, we defi ned a priori 
three intervals of statin use for subjects with an average daily 
intake of 50% or greater: 1–119 days, 120–364 days and 365 
days or greater. Lipophilic statins (in this study atorvastatin, 
simvastatin, fl uvastatin and lovastatin) and hydrophilic statins 
(pravastatin) have a common mechanism of action, but differ in 
terms of absorption, distribution, metabolism and excretion.19 
Therefore, we distinguished between lipophilic and hydrophilic 
statins in the additional analyses.

Outcome assessment
Weight-bearing anteroposterior radiographs of the knee and 
hip were obtained at 70 kV, a focus of 1.8, and a focus to fi lm 

Table 1 Kellgren and Lawrence scores for osteoarthritis of the knee and the hip.
Grade Knee Hip

0
 No osteoarthritis No features of osteoarthritis No features of osteoarthritis
1
 Doubtful Doubtful narrowing of joint space and possible 

osteophytic lipping
Possible narrowing of joint space medially and 
possible osteophytes around the femoral head; or 
osteophytes alone

2
 Mild Defi nite osteophytes and possible narrowing of 

joint space
Defi nite narrowing of joint space inferiorly, defi nite 
osteophytes and slight sclerosis

3
 Moderate Moderate multiple osteophytes, defi nite 

narrowing of joint space and some sclerosis and 
possible deformity of bone ends

Marked narrowing of joint space, defi nite 
osteophytes, some sclerosis and cyst formation, and 
deformity of the femoral head and acetabulum

4
 Severe Large osteophytes, marked narrowing of joint 

space, severe sclerosis and defi nite deformity of 
bone ends

Gross loss of joint space with sclerosis and cysts, 
marked deformity of femoral head and acetabulum 
and large osteophytes
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RESULTS
Of the total 7983 participants, 2921 were included in this study 
(fi gure 1). Osteoarthritis (K&L score of ≥2) was present in 677 
knees (12.5%) and 335 hips (5.8%) at baseline, and in 939 knees 
(17.5%) and 508 hips (8.8%) at follow-up. After the exclusion of 
participants with fractures of the femur (for knee osteoarthritis) 
and the hip (for hip osteoarthritis), and with end-stage osteoar-
thritis or joint prosthesis, the overall progression of left or right 

(ankle/brachial index <0.9 in at least one leg), arterial hyperten-
sion (systolic blood pressure of 160 mm Hg or higher, diastolic 
blood pressure of 95 mm Hg or higher, or the use of antihyper-
tensive drugs for hypertension), educational level and number of 
months between baseline and follow-up.

Statistical analysis
Baseline characteristics of statin users/non-users were compared 
using Student’s t test and Pearson’s χ2 test. When examining the 
association between statin use and osteoarthritis, a joint-based 
analysis of knees and hips was used with generalised estimating 
equations to fi t the models for correlations between the right and 
left extremity in each individual.27 A multivariate logistic regres-
sion model including statin use and adjusting for confounding 
variables was fi tted to calculate OR, 95% CI and p values for the 
overall progression of knee and hip osteoarthritis. The defi nition 
of progression implies that participants are restricted (ie, condi-
tioned) by the baseline presence of osteoarthritis. The estimates 
of an effect of exposure on outcome are therefore potentially 
biased. The effects of determinant on the estimate of outcome 
can only be assessed correctly by including all potential con-
founders in the multivariate analysis, thereby creating a model 
in which the conditioning by baseline is minimised.28 Therefore, 
we adjusted for all possible confounding variables based on the 
literature. We also adjusted for months between the baseline 
and follow-up visit, and for the baseline K&L score. Subjects 
with missing values were excluded from the analysis. The data-
set contained one (0.03%) missing value for age and gender, 
14 missing values (0.48%) for BMI, 29 (0.99%) for hyperten-
sion, fi ve (0.17%) for diabetes mellitus, 248 (8.49%) for femoral 
BMD, 137 (4.69%) for HDL/total cholesterol ratio, 18 (0.01%) 
for education, 230 (7.87%) for peripheral artery disease and 17 
(0.58%) for smoking. The category refl ecting no use of statins 
was set as the reference. Results with a p value below 0.05 were 
considered statistically signifi cant.

Figure 1 Flow chart showing subjects from eligibility to inclusion in 
the present study; 972 knees (*) and 919 hips (#) were excluded from 
the multivariate analyses due to missing values in covariables.

Table 2 Characteristics of the study population (n=2921)

Variables

Statin users (n=317) Non-users (n=2604)

p ValueMeans (SD) or n (%) Means (SD) or n (%)

Age, years 64.1 (5.6) 65.9 (6.8) <0.001
Female, % 178 (56.3) 1495 (57.4) 0.71
Body mass index, kg/m2 26.4 (3.48) 26.27 (3.4) 0.45
Femoral bone mineral density, g/cm2 0.9 (0.13) 0.85 (0.13) 0.11
Plasma total cholesterol/high-density lipoprotein ratio 6.5 (2.13) 5.11 (1.5) <0.001
Arterial hypertension 111 (35.4) 707 (27.4) 0.01
Peripheral artery disease 30 (10.1) 230 (9.6) 0.80
Smoker 79 (25.2) 539 (20.8) 0.07
Diabetes mellitus 31 (9.8) 176 (6.8) 0.05
Higher education 60 (9.6) 546 (10.5) 0.44
Follow-up period (months) 77.7 (4.3) 77.78 (4.5) 0.70
Femur fracture 0 (0.0) 2 (0.1) 0.62
Hip fracture 10 (3.2) 130 (5.0) 0.15
Kellgren and Lawrence score ≥2 of left knee
 Baseline 25 (8.5) 279 (11.8) 0.09
 Follow-up 34 (11.8) 383 (16.4) 0.04
Kellgren and Lawrence score ≥2 of right knee
 Baseline 32 (10.9) 341 (13.9) 0.16
 Follow-up 38 (13.1) 481 (19.7) 0.01
Kellgren and Lawrence score ≥2 of left hip
 Baseline 15 (4.7) 133 (5.2) 0.74
 Follow-up 20 (6.3) 198 (7.7) 0.37
Kellgren and Lawrence score ≥2 of right hip
 Baseline 16 (5.0) 171 (6.6) 0.28
 Follow-up 26 (8.2) 264 (10.3) 0.24
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and progression26 also found signifi cant associations between 
statin use and the incidence of osteoarthritis of the knee (OR 
0.45, 95% CI 0.24 to 0.85, p=0.01) and progression of osteoar-
thritis in the knee (OR 0.39, 95% CI 0.20 to 0.75, p=0.01).

In the hip joint, no associations were found between statin 
use and the overall progression of osteoarthritis (OR 1.10, 95% 
CI 0.63 to 1.90, p=0.74). The incidence of hip osteoarthritis (OR 
0.87, 95% CI 0.46 to 1.67, p=0.70) or progression (OR 1.25, 95% 
CI 0.70 to 2.21, p=0.45) in the hip separately were also not asso-
ciated with statin use (data not shown).

DISCUSSION
This population-based study demonstrates that the use of sta-
tins is associated with a decrease in the overall progression of 
osteoarthritis of the knee, but not of the hip.

For this study, we used a large population cohort study, the 
Rotterdam Study, in which all relevant clinical, radiological and 
pharmacological data were collected from a population at risk of 
the progression of osteoarthritis. Detailed pharmacological data 
for the total period were available in computerised databases of 
the local pharmacies. We included potential confounders that 
could infl uence the association between statin use and osteoar-
thritis, and adjusted for the baseline presence of osteoarthritis 
in our analyses of progression.28 Many of these covariables are 
characteristics of a cardiovascular and metabolic profi le, because 
osteoarthritis is a disease with a multifactorial aetiology involv-
ing biomechanical, genetic, infl ammatory, vascular and meta-
bolic factors.3 7 8

In this study, the overall progression of osteoarthritis was 
defi ned as the combination of the incidence and progression of 
existing osteoarthritis at baseline, because both outcome param-
eters can not be accurately defi ned based on radiographic exami-
nation alone. Although the Rotterdam Study is a large study, 
the number of statin users and subjects with overall progression 
were low. Using separate defi nitions of incidence and progres-
sion would have decreased the numbers even further. However, 
when we used those separate defi nitions of incidence and pro-
gression, we found similar results.

The use of statins was clearly associated with the reduced 
progression of knee osteoarthritis, whereas this was not the 
case for the hip joint. This difference can not be attributed to a 
lack of power, because the number of hips included was com-
parable to that of knee joints. The difference in effect on hip 
joints in the present study may indicate a difference in patho-
genesis between the knee and the hip. As statins only target 
non-biomechanical mechanisms, our data may suggest that 
osteoarthritis of the knee is infl uenced more by metabolic fac-
tors such as the secretion of cytokines and adipokines by adi-
pose tissue, vascular pathology in the subchondral bone or the 
direct effects of lipids on joint  tissues6–8 29 than osteoarthritis of 
the hip. Together with changed mechanics especially in the knee 

knee osteoarthritis in the study population was 6.9%, and 4.7% 
for the hip joints.

Of this group, 317 (10.9%) were defi ned as statin users. Statin 
users were younger, had higher plasma total cholesterol/HDL 
ratios, and more frequently reported arterial hypertension and 
diabetes mellitus than non-users (table 2). Between statin users 
and non-users there were no differences in gender, educational 
level, BMI, femoral BMD, those that reported smoking, and 
individuals with peripheral artery disease. The occurrence of hip 
fractures, femur fractures and the follow-up period was similar 
in both groups.

Statin use was defi ned as the use of statins for 120 days or 
greater, and 50% or greater of the daily recommended intake. 
Data are means (SD) or n (%). Subjects with missing values 
were excluded from the analysis. Osteoarthritis is defi ned as a 
K&L score of 2 or more. All subjects with baseline statin use, 
rheumatoid arthritis, gout, Bechterew disease, femur fracture 
(for knee osteoarthritis) and hip fracture (for hip osteoarthritis) 
were excluded.

The use of statins is associated with a reduction in the over-
all progression of knee osteoarthritis (OR 0.43, 95% CI 0.25 to 
0.77, p=0.01) after adjustment for the baseline K&L score, pos-
sible confounders and months between baseline and follow-up 
(table 3).

Adjusted OR, 95% CI and p values were computed by mul-
tivariate analysis with generalised estimating equations to 
account for left and right correlations. The OR were adjusted 
for the baseline K&L score, gender, age, BMI, femoral BMD, 
total cholesterol/HDL ratio, current smoking, diabetes mellitus, 
peripheral artery disease, arterial hypertension, educational level 
and months between baseline and follow-up. Statin use was 
defi ned as the use of statins of 120 days or greater, and 50% or 
greater of the daily recommended intake. To analyse the effect 
of increasing cumulative exposure, three intervals of statin use 
were defi ned for subjects with an average daily intake of 50% 
or greater: 1–119, 120–364 and 365 days or greater, whereas all 
other subjects were defi ned as non-users.

These results were confi rmed by analysing the effect of cumu-
lative exposure to statin use (daily intake ≥50%) in users of lipo-
philic statins (OR 0.50, 95% CI 0.26 to 0.95, p=0.03). The data 
were underpowered to examine the association between hydro-
philic statin use and the overall progression of knee osteoar-
thritis. To investigate whether the association between statin 
use and the overall progression of knee osteoarthritis is (or is 
not) due to confounding by indication, we computed models 
for the difference between statin users, minimal users (subjects 
that used statins <120 days or <50% of the recommended daily 
adult dose) and non-users. There was a signifi cant decrease in 
the overall progression of knee osteoarthritis in the user group 
(OR 0.44, 95% CI 0.25 to 0.77, p=0.01) and no association in 
the minimal user group (OR 1.17, 95% CI 0.50 to 2.71, p=0.72). 
Additional analyses with previously used defi nitions of incidence 

Table 3 Association between statin use and progression of knee and hip osteoarthritis
Knee osteoarthritis Hip osteoarthritis

 Progressors, N (%) Adjusted OR 95% CI p Value Progressors, N (%) Adjusted OR 95% CI p Value

Non-users 288 (7.3) 1.00 – – 177 (4.5) 1.00 – –
Statin users 15 (3.0) 0.43 0.25 to 0.77 0.01 21 (4.0) 1.10 0.63 to 1.90 0.74
Period of statin use (days)
 Non-users 346 (7.2) 1.00 – – 228 (4.8) 1.00 – –
 1–119 53 (6.3) 1.77 0.71 to 4.44 0.22 3 (4.1) 1.05 0.20 to 5.62 0.95
 120–364 3 (2.4) 0.30 0.08 to 1.19 0.09 6 (4.8) 1.05 0.38 to 2.88 0.92
 ≥365 18 (4.1) 0.49 0.26 to 0.92 0.03 17 (3.6) 1.00 0.51 to 1.98 0.92
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calculating the risk estimates for those who used statins for less 
than 120 days. In this group, there was a slight but non-signif-
icant increase in the progression of knee osteoarthritis instead 
of a decrease. This suggests that confounding by indication 
would tend to underestimate a true protective effect. The statin 
users tended to have fewer K&L scores of 2 or more at base-
line. However, statin users were younger and there were fewer 
women in the statin users group. When performing statistical 
analysis with adjustment for these covariables, there was no 
longer a tendency towards lower K&L scores at baseline in the 
statin user group (data not shown).

Statins may be a candidate for the pharmacological manage-
ment of osteoarthritis as they are drugs capable of altering serum 
lipid levels, infl ammatory pathways in endothelial cells, mac-
rophages, chondrocytes, synoviocytes and they have protective 
effects on subchondral bone by inhibiting osteoclastogenesis 
and stimulating bone formation.10 11 14 37–41 However, it should 
be noted that our study only indicates the disease-modifying 
effect of statins, and did not investigate differences in pain or 
disability between statin users and non-users. Additional studies 
on the use of statins as a potential therapy for osteoarthritis are 
required. It would be interesting to investigate the association 
between statin use and hand osteoarthritis, which is likely to be 
more metabolically infl uenced than knee osteoarthritis.42 The 
effect of statins on clinical outcome measures such as pain or 
disability should also be investigated.

In conclusion, we found that statin use is associated with a 
reduction in the overall progression of knee osteoarthritis after 
adjustment for potential confounding variables. Although these 
fi ndings need to be replicated, they indicate that the causal asso-
ciation between statins and osteoarthritis should be investigated 
further.
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Corrections
S Clockaerts, G J V M Van Osch, Y M Bastiaansen-Jenniskens, et al. Statin use is associated with 
reduced incidence and progression of knee osteoarthritis in the Rotterdam study. Ann Rheum Dis 
2012;71:642–647.

The following text should have been removed from the main body of the article and added 
underneath the tables by way of an explanation of the tables:

Table 2. Statin use was defi ned as the use of statins for 120 days or greater, and 50% or greater 
of the daily recommended intake. Data are means (SD) or n (%). Subjects with missing values 
were excluded from the analysis. Osteoarthritis is defi ned as a K&L score of 2 or more. All sub-
jects with baseline statin use, rheumatoid arthritis, gout, Bechterew disease, femur fracture (for 
knee osteoarthritis) and hip fracture (for hip osteoarthritis) were excluded.

Table 3. Adjusted OR, 95% CI and p values were computed by multivariate analysis with 
generalised estimating equations to account for left and right correlations. The OR were adjusted 
for the baseline K&L score, gender, age, BMI, femoral BMD, total cholesterol/HDL ratio, current 
smoking, diabetes mellitus, peripheral artery disease, arterial hypertension, educational level and 
months between baseline and follow-up. Statin use was defi ned as the use of statins of 120 days 
or greater, and 50% or greater of the daily recommended intake. To analyse the effect of increas-
ing cumulative exposure, three intervals of statin use were defi ned for subjects with an average 
daily intake of 50% or greater: 1–119, 120–364 and 365 days or greater, whereas all other subjects 
were defi ned as non-users.

We apologise for this error and for any inconvenience this may have caused.

Ann Rheum Dis 2012;71:1264. doi:10.1136/annrheumdis-2011-200092corr1

26_annrheumdis-2011-201091.indd   126426_annrheumdis-2011-201091.indd   1264 5/29/2012   3:44:43 PM5/29/2012   3:44:43 PM


