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Statin Use and MRI Subchondral Bone Marrow Lesion Worsening in Generalized 

Osteoarthritis: Longitudinal Analysis from Osteoarthritis Initiative Data 

 

Article type: Original research 

Abstract 

Objectives. To determine the association between statin therapy and knee MRI-detected 1 

subchondral bone marrow lesion (BML) longitudinal worsening in patients with Heberden’s nodes 2 

(HNs) as the hallmark of generalized osteoarthritis (OA) phenotype. 3 

Methods. All participants gave informed consent, and IRB approved HIPAA-compliant protocol. 4 

We assessed worsening in BMLs volume and number of affected subregions in the Osteoarthritis 5 

Initiative (OAI) participants with HNs at baseline clinical examination (HN+), using the semi-6 

quantitative MRI Osteoarthritis Knee Scores at baseline and 24-month. Participants were classified 7 

according to baseline BML involvement as “no/minimal” (≤2/14 knee subregions affected and 8 

maximum BML score≤1) or “moderate/severe.” Statin users and non-users were selected using 9 

1:1 propensity-score (PS) matching for OA and cardiovascular disease (CVD)-related potential 10 

confounding variables. We assessed the association between statin use and increasing BML score 11 

and affected subregions using adjusted mixed-effect regression models. 12 

Results. The PS-matched HN+ participants (63% female, aged 63.5±8.5-year-old) with no/minimal 13 

and moderate/severe BML cohorts consisted of 332 (166:166, statin users: non-users) and 380 14 

(190:190) knees, respectively. In the HN+ participants with no/minimal BML, statin use was 15 

associated with lower odds of both BML score worsening (odds ratio, 95%confidence 16 

interval:0.62, 0.39–0.98) and increased number of affected subregions (0.54, 0.33–0.88). There 17 
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was no such association in HN– participants or those HN+ participants with baseline 18 

moderate/severe BML.  19 

Conclusion. In patients with CVD indications for statin therapy and generalized OA phenotype 20 

(HN+), statin use may be protective against the OA-related subchondral bone damage only in the 21 

subgroup of participants with no/minimal baseline BML. 22 

Keywords: Magnetic Resonance Imaging, Bone Marrow, Hydroxymethylglutaryl-CoA 23 

Reductase Inhibitors, Osteoarthritis, Knee, Propensity Score 24 

 25 

Key points: 26 

 Statin use may reduce the risk of subchondral bone damage in specific osteoarthritis 27 

patients with a generalized phenotype, minimal subchondral bone damage, and 28 

cardiovascular statin indications. 29 

Abbreviations and Acronyms: 30 

1) BML: Bone marrow lesion 31 

2) CVD: Cardiovascular disease 32 

3) DMOAD: Disease-modifying osteoarthritis drug 33 

4) HN: Heberden's node 34 

5) MIF: Medication inventory form 35 

6) MOAKS: MRI Osteoarthritis Knee Score 36 

7) OA: Osteoarthritis 37 

8) OAI: Osteoarthritis Initiative  38 

9) PS: Propensity-score 39 

10) SMAS: Statin-associated muscle symptoms 40 
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11) SMD: Standardized mean difference 41 

42 
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Introduction: 43 

Knee osteoarthritis (OA) is the most common debilitating disease of the peripheral joints. 44 

Despite its high prevalence, to date, no disease-modifying OA drug (DMOAD) has been approved 45 

for use in clinical practice.[1] There have been investigations on the potential DMOAD role for 46 

statins, a group of first-line lipid-lowering medications. Despite the well-established experimental 47 

evidence for the protective effect of statins against knee OA progression and subchondral bone 48 

damage in animal models,[2] previous observational studies on human OA patients have been 49 

inconclusive.[3-13] Such discrepancy could be due to heterogeneous subject selection related to 50 

different OA phenotypes, degree of baseline joint structural damage, and most importantly, 51 

presence vs. absence of cardiovascular disease (CVD) indications for statin use among 52 

participants. While there are controversial reports on the causal relationship between CVD and 53 

OA,[14-18] previous studies have shown OA is strongly associated with CVDs and CVD risk 54 

factors such as obesity and dyslipidemia.[15; 19-21] Therefore, the presence of CVD indications 55 

of statins can possibly confound or intermediate statins’ DMOAD assessment. 56 

Experimental studies have shown a protective effect of statins on the subchondral bone.[2] In 57 

human OA patients, subchondral bone marrow lesions (BMLs) are known as the imaging hallmark 58 

of OA-related subchondral bone damage in MRI examinations.[22] To date, no study has assessed 59 

the effect of statins on BMLs, and only one trial on the statins’ DMOAD effect on cartilage loss 60 

has been conducted.[23; 24] In this trial, authors used a 2-year follow-up Magnetic Resonance 61 

Imaging (MRI) and included participants had no CVD indications for statin use and had 62 

heterogeneous OA etiologies.[23; 24] While authors reported that overall statins had no protective 63 

effects against OA progression, they stated that statin might reduce cartilage loss only in the 64 

subgroup of OA patients with no subchondral BMLs.[23; 24] Moreover, it has been recently shown 65 
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that statin use is associated with decreased radiographic knee OA radiographic progression 66 

compared to non-use, only in those OA participants with Heberden’s nodes (HN+).[25] HNs are 67 

bony enlargements of the distal interphalangeal joints (DIPs) detectable in clinical examination 68 

and are considered a hallmark of generalized OA phenotype.[26-28]  69 

Using the results of the only available clinical trial and recent observational data on HN+ 70 

patients, as potential responders to the DMOAD effects of statin, we hypothesized that statins 71 

potential DMOAD role might be through their protective effect on early subchondral BML 72 

formation and worsening in a distinct subgroup of OA patients with generalized OA (HN+), 73 

no/minimal BMLs, and CVD indications for statin use. Using propensity-score (PS) matching for 74 

CVD factors and potential confounding by indication (OA and CVD) covariates, we tested this 75 

hypothesis in participants of the Osteoarthritis Initiative (OAI) ancillary studies with tailored 76 

selection criteria for assessing worsening of MRI-based subchondral bone OA-related damage 77 

over 24 months follow-up. 78 

79 
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Materials and Methods 80 

Study population  81 

In this study, we used data from the longitudinal multi-center Osteoarthritis Initiative (OAI) 82 

study (2004-2015, clinicaltrials.gov identifier: NCT00080171, details can be found at 83 

https://nda.nih.gov/oai/). All enrolled patients filled written informed consent and institutional 84 

review boards of four OAI collaborating centers have approved the Health Insurance Portability 85 

and Accountability Act-compliant protocol of this study. We collected and pooled all previously 86 

conducted MRI-based measurements of participants from nested ancillary studies performed 87 

inside OAI to assess OA-related subchondral bone damage. (Figure 1) These studies’ design and 88 

selection criteria are specially tailored to assess MRI-based OA structural damage worsening in a 89 

specific subset from all OAI participants (details are explained in the OAI online repository[29]). 90 

Following deletion of duplicate measurements (753 cases between different projects), MRI 91 

Osteoarthritis Knee Score (MOAKS) measurements for 1677 knees were included from the 92 

following OAI ancillary studies: 1) Foundation for the National Institute of Health (FNIH) 93 

Consortium Osteoarthritis Biomarkers Project[30] (473 knees, project no. 22), 2) project no. 30 94 

(125 knees) 3) projects no. 63A-63F (328 knees) 4) Pivotal OAI MRI Analyses (POMA) study 95 

(751 knees).[31] The same OAI team centrally performed all measurements according to the 96 

validated semi-quantitative MOAKS.[32] 97 

Since it is difficult to assess structural OA damage in patients with advanced knee OA due to 98 

‘ceiling’ effects on the scores, knees with end-stage knee OA on baseline X-ray were excluded. 99 

(Exclusion #1 in Figure 1) These consist of knees with replacement surgery (63 knees) and baseline 100 

radiographic Kellgren-Lawrence (KL) grade of 4 (302 knees). Moreover, knees without available 101 

baseline and 24-month follow-up evaluation of BMLs in the mentioned OAI ancillary studies were 102 

https://nda.nih.gov/oai/
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excluded (7641 knees, Exclusion #2 Figure 1). Both knees were included in a minority of 103 

participants (N:36, 5% of included knees). 104 

To assess the potential skewness of our sampling and risk of selection bias, we compared the 105 

baseline characteristics of OAI participants included in the ancillary studies and the rest of the OAI 106 

participants. There was no significant difference in neither of the potential confounders. 107 

(Supplementary Table 1) 108 

Assessment of HNs 109 

At the baseline visit, trained OAI nurse staff examined whether HNs on the DIP joints of the 110 

2nd-5th digits and first interphalangeal joint were present by palpation. Participants with at least one 111 

HN in either hand were categorized as HN+; whereas, participants free of HN in both hands were 112 

categorized as HN– and were separately assessed in the sensitivity analysis (Sensitivity analysis 113 

#1 in Figure 1) 114 

MRI acquisition and outcome measures 115 

MRI acquisition was performed using 3T MRI systems (Trio, Siemens Healthcare, Erlangen, 116 

Germany). Parameters and pulse sequence protocol of OAI MRIs have been previously 117 

reported.[32] The validated semi-quantitative MOAKS method was used to assess BMLs at 118 

baseline, and follow-up MRIs and features of BML size and number of affected subregions in all 119 

14 anatomical knee joint sub-regions were extracted.[32] BMLs volume was scored based on the 120 

percentage of the total subregion volume occupied as 0: none, 1: <33%, 2: 33-66%, and 3: >66% 121 

of joint/sub-region volume. To categorize knees according to baseline BML status, we considered 122 

both the BML score and the number of affected knee joint subregions. Knees with both criteria of 123 

a) ≤2 knee subregions with BMLs and b) maximum BML score ≤1 were considered no/minimal 124 

BML involvement. Subsequently, knees with either a) >2 knee subregions with BMLs or b) 125 
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maximum BML score >1 were considered with moderate/severe BML involvement. A 24-month 126 

BML score worsening was defined as a whole- or within-grade change, where within-grade was 127 

defined as a definite visual change while not fulfilling a whole-grade change definition. BML 128 

worsening for longitudinal analysis (i.e., outcome to the models) was defined according to 129 

previously validated measures[33] as follows: 1) worsening in the number of affected subregions 130 

with BML (ranged from improvement to no change, worsening in 1 subregion, and worsening in 131 

≥2 subregions), 2) maximum worsening in BML score (ranged from no change, within-grade 132 

worsening, to worsening by 1 grade, and worsening by ≥2 grades), and 3) worsening in either of 133 

BML score (whole or within-grade) or the number of affected subregions (yes/no).[33]  134 

Definition of statin use: 135 

According to the OAI protocol, participants were asked to bring their medications at baseline 136 

and annual visits. Staff recorded all information on statin type, frequency, and duration of use at 137 

each visit, and data were recorded in the OAI Medication Inventory forms (MIFs). To determine 138 

the accuracy of self-reported dosage, type, and duration of statin use, in statin users, we extracted 139 

and used all available data about the indication of treatment (e.g., primary dyslipidemia, diabetes, 140 

heart disease, or cerebrovascular accident), type of statin (including atorvastatin, lovastatin, 141 

fluvastatin, simvastatin, pravastatin, and rosuvastatin), and duration of statin use from the OAI 142 

MIF dataset. Participants who reported at least one year (equal to 50% of follow-up duration) statin 143 

use in OAI MIF forms were considered statin users. Participants who had <1 year of statin use 144 

(two participants in the PS-matched cohorts) or did not report statin use were regarded as statin 145 

non-users. 146 

Statistical analysis: 147 
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Propensity Score Matching: To minimize the confounding by indication bias, we matched 148 

study subcohorts for potential confounders (CVD-related factors: indications of statin use) using 149 

baseline clinical characteristics. Potential confounders were investigated using a Direct Acyclic 150 

Graph to assess causal inference.[34] (Supplementary figure 1) The missing data pattern was 151 

evaluated, and missing covariate data were imputed. A list of confounding variables and details of 152 

the imputation method is presented in the supplementary material.  153 

The matching process was performed using the 1:1 PS-matching method separately in HN+ 154 

with no/minimal BMLs and HN+ with moderate/severe BMLs subcohorts; For every knee of statin 155 

users, one best-matched knee of the referent (non-users) was selected. We used the nearest 156 

neighbor method with a caliper distance of 0.1 calculated with a logistic regression model. We 157 

calculated the Standardized Mean Difference (SMD) before and after PS-matching to examine the 158 

balance of covariate distribution between the statin users and non-users subcohorts and defined 159 

imbalance as an SMD ≥ 0.1. 160 

Regression models: All statistical analyses were separately performed in the HN+ subcohorts 161 

with no/minimal BMLs and with moderate/severe BMLs to further assess our hypothesis on 162 

statin’s effect on the HN+ statin users with no/minimal baseline BML. We used logistic mixed-163 

effect regression models while considering random intercept for each cluster of matched statin 164 

user:non-user and within-subject similarities (due to the inclusion of both knees in a minority 165 

(N:36, 5%) of included knees). Statin use was the independent predictor, and BML worsening 166 

variables were the dependent outcomes. All models were adjusted for participants’ propensity 167 

scores, baseline KL grade, medial joint space narrowing grade, and knees’ BML status. 168 

Sensitivity analysis: We performed the same PS-matched analyses mentioned above on all 169 

eligible participants (irrespective of OA phenotype) and the HN– participants to assess whether 170 
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our results were sensitive to stratification for OA phenotype (Sensitivity analysis #1 in Figure 1). 171 

We also evaluated the sensitivity of our results to data imputation with the exclusion of participants 172 

with imputed missing data (Sensitivity analysis #2 in Figure 1). Moreover, we assessed sensitivity 173 

to PS-matching by performing the analyses on the entire cohort of eligible HN+ OAI participants 174 

without PS-matching (Sensitivity analysis #3 in Figure 1). Finally, we evaluated sensitivity to the 175 

random exclusion of one of the two knees of participants with both knees included (Sensitivity 176 

analysis #4).  177 

The open-source R software version 4.0.3 (MASS, haven, survival, MatchIt, mice, lme4, 178 

lmerTest, and tableone packages) was used for statistical analysis.179 
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Results 180 

Participants’ characteristics: After the implementation of exclusion criteria and PS-matching, 181 

from a total of 9592 knees in the OAI, 332 (statin user: non-user, 166:166) matched knees of HN+ 182 

with no/minimal BMLs and 380 (190:190) matched knees of HN+ with moderate/severe BMLs 183 

were included in the analysis. (Figure 1) The baseline characteristics of included knees before and 184 

after PS-matching are shown in Table 1. The SMD was less than 0.1 for all variables included in 185 

the PS-matching model. Participants in all PS-matched cohorts were on average±standard 186 

deviation 63.5±8.5-year-old, were 63% women, and had an average BMI of 29±4.5 kg/m2. 187 

Outcome measures: In HN+ with no/minimal baseline BML subcohort, statin use was 188 

associated with lower odds of an increasing number of affected subregions with BML (odds ratio, 189 

95% confidence interval:0.54, 0.33–0.88), BML score worsening (0.62, 0.39–0.98), and worsening 190 

in either BML score or the number of affected subregions (0.60, 0.37–0.99). (Table 2) There was 191 

no such association in the HN+ with moderate/severe baseline BML subcohort (worsening in the 192 

number of affected subregions:1.04, 0.70–1.53, BML score worsening:0.96, 0.65–1.42, and 193 

worsening in either BML score or the number of affected subregions:0.85, 0.50–1.47). (Table 2) 194 

Sensitivity analysis: Our sensitivity analysis showed that without stratification for OA 195 

phenotype (all HN+ and HN–s) or in HN– subcohort, there was no association between statin use 196 

and BML worsening. (Supplementary table 2 & 3) Furthermore, our results were not sensitive to 197 

using the PS-matching method, data imputation, or random exclusion of one knee of participants 198 

with both knees included. (Supplementary Table 2) 199 

200 
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Discussion 201 

Using the available data from the previously published paper on HN+ participants and the 202 

recent trial, we have tested the hypothesis that statin use is associated with reduced BML 203 

worsening over two years in the knee joint, only in a specific OA phenotype with HNs, no/minimal 204 

BMLs, and with CVD indications for statin use. Our finding suggests that the protective effect of 205 

statins against OA-related subchondral bone damage, which is not seen in all OA patients and is 206 

exclusive to patients with HNs (as the hallmark of a generalized OA phenotype),[25] may be 207 

associated with a reduction in early OA-related subchondral damage. 208 

The current data on statins’ effects against OA-related outcomes is controversial and limited 209 

to observational studies.[3-13] The reasons for the overall inconclusive results of previous 210 

observational clinical studies could be due to the inclusion of heterogeneous OA populations in 211 

terms of OA phenotype, degree of baseline structural damage in the joint, and underlying 212 

comorbidities (e.g., CVDs) that may mediate or confound the potential DMOAD role of statins. 213 

We, therefore, carefully formed our hypothesis and selected participants using findings of a 214 

previous observational study on HN+ patients (generalized OA)[25] and the only conducted 215 

clinical trial (minimal/no BML),[23; 24] while trying to address potential limitations of these 216 

studies (e.g., excluding patients with CVD indications for statin use in the trial). Considering the 217 

inclusion of patients with generalized OA, a large body of literature supports HNs as the hallmark 218 

of generalized OA and a strong predictor of knee OA progression.[26; 35] Previous studies have 219 

shown generalized OA and HNs in DIPs are also strongly associated with CVD risk factors such 220 

as elevated serum cholesterol and lipid dysregulation.[36]. Moreover, it has been shown HN+ OA 221 

patients have 40% higher odds of OA MRI-detected subchondral damage during 24-months of 222 

follow-up compared to HN– patients.[37] Valdes et al., using a cross-sectional design, 223 



 

13 

 

demonstrated a significant association between statin use and less severe hip and knee OA –224 

assessed by the Kellgren-Lawrence grading system– exclusively in patients with generalized 225 

OA.[7] It has been recently shown that statin use is associated with a 46% reduced risk of 226 

radiographic progression of OA over 8-years compared to no use, only in HN+ patients and not 227 

HN–s.[25]  228 

On the other hand, from the only clinical trial on statins with a 2-year follow-up,[23; 24] the 229 

authors reported a protective effect for statins on OA progression, but only in participants with no 230 

baseline subchondral BMLs, another finding that helped to form our hypothesis and selecting 231 

participants. However, according to the trial inclusion criteria, authors excluded patients with CVD 232 

indications of statin use, and participants used statins purely for OA progression.[23; 24] This may 233 

have resulted in excluding the population who could benefit from statins' effects on subchondral 234 

bone. More importantly, the authors did not consider OA phenotypes (e.g., generalized OA) in the 235 

subject selection. Our sensitivity analysis showed that when assessing all OA patients irrespective 236 

of their phenotype (both HN+ and HN–), similar to this trial, we observed no protective association 237 

with statin use. 238 

While showing beneficial effects of statins in an OA population who already have statin use 239 

indication may first seem only incremental in clinical practice, a considerable beneficial 240 

epidemiologic impact of DMOAD role for statins can be expected in two distinct patient 241 

populations. The first population is current statin users for CVD and its risk factors. Statins are 242 

among the most prescribed medications in the elderly, mainly indicated for dyslipidemia and other 243 

CVD risk factors.[38] One of the main challenges for statin use is the disappointing long-term 244 

adherence rate of as low as 25%[39] due to reasons like perceived lack of efficacy of statins and 245 

subjective musculoskeletal pain or its related subjective concerns (also known as statin-associated 246 



 

14 

 

muscle symptoms or SAMS).[40] Furthermore, older patients[41] (also more affected by OA) and 247 

those with debilitating comorbidities like OA[42; 43] are among the groups with the least 248 

adherence to statins.[44; 45] the second population who benefit are generalized OA statin “non-249 

users” with a CVD indication for statin use. Reports show that a third of the adults in developed 250 

countries like the U.S. meet statin CVD indications, but nearly half of this population have never 251 

initiated stain use.[46] If the potential DMOAD role for statins is proven, it can improve both 252 

initiation of and adherence to one of the world's most commonly prescribed medications.[44; 45]  253 

As for the strengths of the current study, we studied a hypothesis-driven selected large sample 254 

of PS-matched participants from the validated OAI cohort. Also, we used MOAKS scorings which 255 

have been shown to closely correlate with pain and structural damage or the progression of 256 

OA.[33]  Previous studies on the OAI data reported intra- and inter-observer reliability of 90% for 257 

longitudinal BML MOAKS measurement, suggesting a low risk of measurement error for 258 

influencing outcome results.[47] Moreover, we uniquely selected and PS-matched participants 259 

based on previous evidence and performed several stratification and sensitivity analyses to OA 260 

phenotype (HN–, moderate/severe BMLs) and selected methods (PS-matching, missing data 261 

imputation, the inclusion of both knees) to assess the robustness of our results. 262 

However, our study has several limitations. First, we lacked precise data on the duration, 263 

dosage, and intensity of statin use. OAI examiners confirmed the prescription for statins according 264 

to medications participants brought with them during visits. This approach may not be as valid as 265 

the exact pill count and cannot be used for exploring the dose-dependent effects of statins, but it 266 

may be more reliable than a self-report of medication use. A similar approach has been 267 

implemented in previous OAI studies.[8; 13; 25], and it has been shown that these measures of 268 

statin use are relatively accurate.[48] Second, we have included all statin users with different statin 269 
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use duration before the baseline visit (both prevalent and incident users). This will increase the 270 

risk of Neyman bias in our results, which is a selection bias in which very sick/healthy participants 271 

(because of chronic disease) are excluded from enrolment.[49] Third, our defined subcohorts were 272 

not pre-specified in the OAI data collection process because of the retrospective analysis of the 273 

prospectively collected data. We were limited by including participants with available MRI 274 

scorings from previously conducted nested case-control studies within OAI (e.g., FNIH, POMA), 275 

which have specific inclusion-exclusion criteria. We tried to tailor our study sample to address this 276 

limitation using detailed selection criteria and the PS-matching method, and we assessed the 277 

sensitivity of our results to using the PS-matching method. Forth, in assessing CVD statin 278 

indications, lipid profile was not available in the OAI dataset, and dyslipidemia is among the most 279 

common indications of statin prescription for primary CVD prevention.[50] While we tried to 280 

match our participants according to other statin CVD statin indications and the majority (>70%) 281 

of our participants had statin indications (all statin users, 40% of non-users according to PS-282 

matching results), it is not possible to thoroughly address this issue in studies with an observational 283 

design where exposure (statin use) was not considered in selection criteria. Finally, we have not 284 

assessed SAMS and muscle strength and quality in this study, a matter that can potentially 285 

complicate the implementation of statin DMOAD role in routine clinical practice. Given the high 286 

prevalence of SAMS, detecting any deterioration of muscle quality will raise a critical concern for 287 

statins' DMOAD role in clinical practice, a matter left for future studies. 288 

In conclusion, our results suggest that statin use may be protective against BML worsening 289 

only in a specific OA phenotype with HNs and no/minimal baseline BMLs and with CVD statin 290 

indications, which is in line with the recent observational data[25] and the only available clinical 291 

trial.[23; 24] While our exploratory study results cannot be directly translated to clinical use, future 292 



 

16 

 

studies focusing on the repurposing of widely available statins as DMOADs[51] with proper 293 

patient selection may produce clinical and potential cost-saving benefits compared to designing 294 

new DMOAD compounds.  295 

296 
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Patient consent 297 

Subjects have given informed consent before participating in the Osteoarthritis Initiative 298 

(OAI) project. 299 

Ethics approval 300 

The medical ethics review boards of the University of California, San Francisco (Approval 301 

Number: 10-00532) and the four clinical centers of osteoarthritis initiative project recognized the 302 

project as Health Insurance Portability and Accountability Act (HIPAA)-compliant. 303 

Data sharing statement 304 

The de-identified clinical and demographic information and knee MRI read of subjects is 305 

publicly available at the osteoarthritis initiative project data repository at https://oai.nih.gov. All 306 

dataset and the R codes used in this work are available from the corresponding author upon 307 

reasonable requests.308 
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Figure and Table Legends 447 

 448 

 449 

Figure 1. Flowchart of study participants and exclusion criteria 450 

*** Figure 1 *** 451 

BML: Bone marrow lesion, HN: Heberden’s node, KL: Kellgren-Lawrence, OAI: Osteoarthritis 452 

initiative, PS: Propensity-score.453 
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Table 1. Baseline characteristics of the study population before and after propensity score matching for statin use according to baseline 454 

BML in MRI. 455 

 HN+ participant with no/minimal BMLs 
 

HN+ participant with moderate/severe BMLs 

Characteristic 
Before matching Propensity score-

matched 

 
Before matching Propensity score-matched 

 Statin 

(-) 

Statin 

(+) 
SMD 

Statin 

(-) 

Statin 

(+) 
SMD  Statin 

(-) 

Statin 

(+) 
SMD 

Statin 

(-) 

Statin 

(+) 
SMD 

No. of knees 339 175  166 166   386 203  190 190  

Variables in the P.S matching (Potential confounders) 

Age (year) [mean 

(SD)] 

60.99 

(8.69) 

63.82 

(7.87) 
0.342 63.66 

(8.41) 

63.61 

(7.93) 

0.006 
 

62.91 

(8.65) 

64.91 

(7.75) 
0.244 63.94 

(7.54) 

64.75 

(7.80) 

0.098 

No. of women [N 

(%)] 

239 

(70.5) 

109 

(62.3) 
0.175 110 

(66.3) 

104 

(62.7) 

0.076 
 

251 

(65.0) 

125 

(61.6) 

0.072 120 

(63.2) 

118 

(62.1) 

0.022 

BMI (kg/m2) [mean 

(SD)] 

28.10 

(4.69) 

28.40 

(3.84) 

0.069 28.15 

(3.94) 

28.31 

(3.91) 

0.04 
 

28.92 

(4.46) 

30.05 

(4.19) 
0.261 29.50 

(4.67) 

29.72 

(3.97) 

0.049 

Statin CVD 

indications except 
dyslipidemia[N(%)]♦ 

76 

(22.4) 

52 

(29.7) 
0.167 48 

(28.9) 

50 

(30.1) 

0.026 
 

119 

(30.8) 

89 

(43.8) 
0.272 76 

(40.0) 

78 

(41.1) 

0.021 

Alcohol use, ≥1/week 
[N (%)] 

167 

(49.3) 

75 

(42.9) 
0.129 76 

(45.8) 

75 

(45.2) 

0.012 
 

174 

(45.1) 

83 

(40.9) 

0.085 78 

(41.1) 

81 

(42.6) 

0.032 

Smoking, Current or 

past [N (%)] 

151 

(44.5) 

92 

(52.6) 
0.161 84 

(50.6) 

87 

(52.4) 

0.036 
 

170 

(44.0) 

101 

(49.8) 
0.115 90 

(47.4) 

91 

(47.9) 

0.011 

PASE score [mean 

(SD)] 

166.32 

(79.40) 

155.45 

(70.78) 
0.145 156.54 

(74.01) 

155.16 

(72.30) 

0.019 
 

164.61 

(82.81) 

150.55 

(72.49) 
0.181 152.93 

(78.22) 

152.84 

(73.36) 

0.001 

Race, non-white [N 

(%)]† 

42 

(12.4) 

19 

(10.9) 

0.048 17 

(10.2) 

17 

(10.2) 

0.001 
 

66 

(17.1) 

34 

(16.7) 

0.009 32 

(16.8) 

32 

(16.8) 

0.001 

Other variables not in the P.S matching 

Hx of knee Injury, 

[N (%)] 

80 

(23.6) 

36 

(20.6) 
0.07 

37 

(22.3) 

35 

(21.1) 
0.03  121 

(31.3) 

72 

(35.5) 
0.09 

59 

(31.1) 

65 

(34.2) 
0.07 

Statin type   –   –    –   – 

atorvastatin – 
79 

(60.3) 
 – 

73 

(59.3) 
  – 

82 

(48.2) 
 – 

77 

(49.0) 
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fluvastatin  – 2 (1.5)  – 2 (1.6)   – 3 (1.8)  – 2 (1.3)  

lovastatin  – 6 (4.6)  – 6 (4.9)   – 9 (5.3)  – 7 (4.5)  

pravastatin  – 9 (6.9)  – 8 (6.5)   – 14 (8.2)  – 14 (8.9)  

rosuvastatin  – 6 (4.6)  – 6 (4.9)   – 7 (4.1)  – 6 (3.8)  

simvastatin  – 
29 

(22.1) 
 – 

28 

(22.8) 
  – 

55 

(32.4) 
 – 

51 

(32.5) 
 

Statin use duration, 

years, [mean (SD)] 

0.00 

(0.00) 

3.92 

(2.05) 
2.7 

0.00 

(0.00) 

3.90 

(2.06) 
2.68  

0.00 

(0.00) 

4.23 

(2.06) 
2.9 

0.00 

(0.00) 

4.18 

(2.08) 
2.85 

Number of affected 

subregions with 

BML 

  0.07   0.05    0.2   0.32 

0 
206 

(60.8) 

101 

(57.7) 
 95 

(57.2) 

94 

(56.6) 
  75 

(19.4) 

39 

(19.2) 
 37 

(19.5) 

37 

(19.5) 
 

1 
83 

(24.5) 

44 

(25.1) 
 45 

(27.1) 

43 

(25.9) 
  24 

(6.2) 
18 (8.9)  7 (3.7) 17 (8.9)  

2 
50 

(14.7) 

30 

(17.1) 
 26 

(15.7) 

29 

(17.5) 
  51 

(13.2) 

34 

(16.7) 
 22 

(11.6) 

34 

(17.9) 
 

3 0 (0.0) 0 (0.0)  0 (0.0) 0 (0.0)   99 

(25.6) 

55 

(27.1) 
 56 

(29.5) 

51 

(26.8) 
 

4 0 (0.0) 0 (0.0)  0 (0.0) 0 (0.0)   64 

(16.6) 

29 

(14.3) 
 32 

(16.8) 

25 

(13.2) 
 

≥5  0 (0.0) 0 (0.0)  0 (0.0) 0 (0.0)   73 

(18.9) 

28 

(13.8) 
 36 

(18.9) 

26 

(13.7) 
 

Maximum BML 

grade in knee 
  0.16   0.03    0.02   0.09 

0 
148 

(43.7) 

63 

(36.0) 
 63 

(38.0) 

61 

(36.7) 
  0 (0.0) 0 (0.0)  0 (0.0) 0 (0.0)  

1 
191 

(56.3) 

112 

(64.0) 
 103 

(62.0) 

105 

(63.3) 
  58 

(15.0) 

30 

(14.8) 
 34 

(17.9) 

28 

(14.7) 
 

2 0 (0.0) 0 (0.0)  0 (0.0) 0 (0.0)   217 

(56.2) 

116 

(57.1) 
 107 

(56.3) 

109 

(57.4) 
 

3 0 (0.0) 0 (0.0)  0 (0.0) 0 (0.0)   111 

(28.8) 

57 

(28.1) 
 49 

(25.8) 

53 

(27.9) 
 

Baseline KL grade   0.21   0.235    0.062   0.166 
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Grade 0 
111 

(32.7) 

49 

(28.0)  

53 

(31.9) 

45 

(27.1)  
 

54 

(14.0) 

28 

(13.8)  

22 

(11.6) 

28 

(14.7)  

Grade 1 
102 

(30.1) 

68 

(38.9)  

50 

(30.1) 

64 

(38.6)  
 

92 

(23.8) 

50 

(24.6)  

43 

(22.6) 

48 

(25.3)  

Grade 2 
94 

(27.7) 

39 

(22.3)  

49 

(29.5) 

38 

(22.9)  
 

137 

(35.5) 

76 

(37.4)  

65 

(34.2) 

67 

(35.3)  

Grade 3 
32 (9.4) 

19 

(10.9)  14 (8.4) 

19 

(11.4)  
 

103 

(26.7) 

49 

(24.1)  

60 

(31.6) 

47 

(24.7)  

Data are presented as numbers of knees. Statin (+) and Statin (-) corresponds to statin users and non-users, respectively. Knees with 456 

both ≤2 knee subregions with BMLs and maximum BML score ≤1 were regarded with no/minimal BML involvement, while knees 457 

either having >2 knee subregions with BMLs or maximum BML score >1 were considered with moderate/severe BML involvement. 458 

BMI: Body mass index, BML: Bone Marrow Lesion, HN: Heberden’s node, PASE: physical activity scale for the elderly, SMD: 459 

Standardized mean difference, SD: Standard deviation, N: Number of knees  460 

A significant difference for SMD was defined as ≥ 0.1.  461 

♦ Statin CVD indications except dyslipidemia were indicated as the presence of either history of coronary artery disease, cerebrovascular 462 

accident, diabetes (any stage of diabetes vs. no medical history of diabetes), or hypertension in clinical examination systolic blood 463 

pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg at OAI visit clinical examination). 464 

† race of participants was categorized as white and non-white considering the small number of participants in each non-white race group. 465 

 466 
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Table 2. Longitudinal 24-month assessment of subchondral BML worsening in MRI between 467 

propensity-score matched HN+ statin users vs. non-users, according to BML involvement of the 468 

knee joint in the baseline visit MRI examination. 469 

 HN+ 

Statin user: non-user 
No/minimal BML in 

baseline MRI 

Moderate/severe BML in 

baseline MRI 

 N: 332 (166:166) N: 380 (190:190) 

Worsening in number of affected 

subregions with BML 
0.54 (0.33 - 0.88), P:0.015 1.04 (0.7 - 1.53), P:0.859 

Maximum worsening in BML score 0.62 (0.39 - 0.98), P:0.041 0.96 (0.65 - 1.42), P:0.841 

Worsening in BML score or number 

of affected subregions 
0.60 (0.37 - 0.99), P:0.044 0.85 (0.50 - 1.47), P:0.566 

Participants in the HN+ subcohort were separately matched for possible confounders with the 1:1 470 

PS matching method. Longitudinal measures of BML worsening were compared between matched 471 

statin users: non-users using logistic mixed-effect linear models. Previously validated longitudinal 472 

24-month BML dependent variables (i.e., outcome to the models) included 1) worsening in the 473 

number of affected subregions with BML (ranged from Improvement to no change, worsening in 474 

1 subregion, and worsening in ≥2 subregions), 2) maximum worsening in BML score (ranged from 475 

no change, within-grade worsening, to worsening by 1 grade, and worsening by ≥2 grades), and 476 

3) worsening in either of BML score (whole or within-grade) or the number of affected subregions 477 

(yes/no). All models were adjusted for participants propensity score, baseline Kellgren-Lawrence 478 

grade, medial Joint Space Narrowing (JSN) grade, and BML status (two variables of 1. number of 479 

affected subregions affected by BMLs, and 2. max BML score in the joint) while considering 480 

random intercept for each cluster of matched statin user: non-user and random intercept 481 

considering within-subject similarities (due to the inclusion of both knees in a minority of 482 

participants, 5%) where the knee is nested within participant ID. All analyses were categorized 483 
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according to baseline BML involvement in MRI. Knees with both ≤2 knee subregions with BMLs 484 

and maximum BML score ≤1 were regarded with no/minimal BML involvement, while knees 485 

either having >2 knee subregions with BMLs or maximum BML score >1 were considered with 486 

moderate/severe BML involvement. BML: Bone marrow lesions, HN: Heberden’s node. 487 

488 
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Supplementary Material 489 

List of confounding variables 490 

The selected covariates include age (years, quartiles), sex (male vs. female), body mass index 491 

(BMI, quartiles) (kg/m2), physical activity for elderly scale (PASE) score, race (categorized as 492 

Caucasian, African Americans, Asians, others), smoking status (classified as “never smoked,” 493 

“current or past smoker”), alcohol consumption in the past 12 months <1unit/week or 494 

≥1unit/week), having diabetes (any stages of diabetes vs. no medical history of diabetes), history 495 

of heart attack (positive vs. negative), cerebrovascular accident (positive vs. negative), or 496 

hypertension (systolic blood pressure ≥140 or diastolic blood pressure ≥90). Comorbid diabetes, 497 

history of heart attack, cerebrovascular accident, and hypertension were all categorized together, 498 

making a binomial variable indicating the presence of either of these comorbid statin CVD 499 

indications. Units, levels, and categories of variables are listed in Table 1 in the main text. 500 

Little’s test  501 

The pattern of missing data was assessed using the test of missing completely at random (Little’s 502 

test), visual representation, and logistic regression models, which resulted in a missing not at the 503 

random pattern (1) in the OAI dataset, with fewer than 1.5% of values missing for all matching 504 

variables except for combined variable of statin cardiovascular disease (CVD) indications except 505 

dyslipidemia (2.9%). Despite the missing not at random pattern of data, multiple imputation 506 

models were used according to previous studies trying to reduce the possible associated bias (2). 507 

508 
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Supplementary Figure 1. Directed acyclic graphs visual representations of causal assumptions 509 

variables potentially contributing to confounding by indication bias. 510 

 511 

Selection of the variables potentially contributing to confounding by indication bias (red circles) 512 

for covariate adjustments. Exposure was statin use, and the outcome was knee OA structural and 513 

symptomatic measures. Variables marked as blue circles were regarded as ancestors of the 514 

outcome, which have no causal relationship with exposure and outcome variables and were not 515 

included in the model adjustment. History of knee injury was defined as a positive response to the 516 

question “Knee ever injured badly enough to limit the ability to walk for at least two days?” 517 

Despite that history of knee injury might have causal relationship with knee OA BML damage, it 518 

is unlikely to have causal effect on the statin use. Therefore, it has not been included as a 519 

confounder in the propensity-score matching model. 520 
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OA: Osteoarthritis, BMI: Body mass index, PASE: physical activity for elderly scale, CVA: 521 

Cerebrovascular accident, DM: Diabetes Mellitus, HTN: Hypertension, CAD: Coronary artery 522 

disease. Injury: a history of knee injury, Alignment: knee alignment. 523 

524 
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Supplementary Table 1. Comparison of baseline characteristics between the participants of OAI 525 

ancillary studies on MRI-based worsening of the OA structural damage and all OAI participants. 526 

Relevant to Exclusion #3 in the methods and Figure 1 of study. 527 

Characteristic 

OAI participants not 

included in the ancillary 

studies 

Participants of OAI 

ancillary studies on 

MRI-based worsening 

of the OA structural 

damage 

SMD 

No. of knees 7641 1586   

Variables in the P.S matching (Potential confounders) 

Age (year) [mean (SD)] 61.16 (9.19) 61.36 (8.83) 0.023 

No. of women [N (%)] 5608 (58.5) 1021 (60.9) 0.049 

No. of obese patients [N (%)] 3534 (36.9) 703 (41.9) 0.098 

Statin CVD indications except 

dyslipidemia [N(%)] 

2812 (30.2) 493 (30.2) 0.002 

Alcohol use, ≥1/week [N (%)] 4088 (43.0) 739 (44.5) 0.03 

Smoking, Current or past [N (%)] 4462 (47.1) 780 (47.2) 0.001 

PASE score [mean (SD)] 160.84 (82.48) 166.33 (82.01) 0.067 

Race, non-white [N (%)]† 2002 (20.9) 280 (16.7) 0.97 

Variables not included in the P.S matching 

Hx. of knee Injury, [N (%)] 2584 (27.2) 509 (30.7) 0.077 

Statin use at baseline, [N (%)] 2424 (25.3) 439 (26.2) 0.021 

Statin type, [N (%)] 
  

0.052 

atorvastatin 1282 (52.9) 235 (53.5) 
 

fluvastatin  40 (1.7) 8 (1.8) 
 

lovastatin  108 (4.5) 18 (4.1) 
 

pravastatin  240 (9.9) 44 (10.0) 
 

rosuvastatin  102 (4.2) 22 (5.0) 
 

simvastatin  652 (26.9) 112 (25.5) 
 

OAI subcohort assignment, [N 

(%)] 

  
0.197 

   Incidence 6568 (68.5) 1041 (62.1) 
 

   Non-exposed 244 (2.5) 17 (1.0) 
 

   Progression 2780 (29.0) 619 (36.9) 
 

Baseline X-ray KL grade, [N (%)] 
  

0.385 

Grade 0 3354 (37.5) 359 (21.5) 
 

Grade 1 1592 (17.8) 470 (28.2) 
 

Grade 2 2468 (27.6) 489 (29.3) 
 

Grade 3 1224 (13.7) 273 (16.4) 
 

Grade 4 302 (3.4) 77 (4.6) 
 

Baseline X-ray medial JSN grade, 

[N (%)] 

  
0.242 
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Grade 0 5706 (63.8) 870 (52.2) 
 

Grade 1 2090 (23.4) 497 (29.8) 
 

Grade 2 948 (10.6) 240 (14.4) 
 

Grade 3 196 (2.2) 61 (3.7) 
 

Data are presented as numbers of knees. BML: Bone Marrow Lesion, HN: Heberden’s node, JSN: 528 

Joint Space Narrowing (according to OARSI criteria), KL: Kellgren-Lawrence, PASE: physical 529 

activity scale for the elderly, SMD: Standardized mean difference, SD: Standard deviation, N: 530 

Number of knees. According to OAI protocol, participants were assigned to three Progression, 531 

incidence, and non-exposed subcohorts based on the baseline assessment of radiographic knee OA 532 

and its risk factors. Participants with terminal knee OA (including knee replacement or KL grade 533 

of 4 in the baseline X-ray) were excluded. Obesity was defined as BMI ≥30 kg/m2. 534 

A significant difference for SMD was defined as ≥ 0.1.  535 

 Statin CVD indications except dyslipidemia were indicated as the presence of either history of 536 

coronary artery disease, cerebrovascular accident, diabetes (any stage of diabetes vs. no medical 537 

history of diabetes), or hypertension in clinical examination systolic blood pressure ≥140 mm Hg 538 

or diastolic blood pressure ≥90 mm Hg at OAI visit clinical examinations). 539 

† Race of participants was categorized as white and non-white considering the small number of 540 

participants in each non-white race group. 541 

542 
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Supplementary Table 2. Sensitivity analysis of the 24-month assessment of subchondral BML 543 

worsening results to #1) stratification for OA phenotype (HN– vs. HN+), #2) exclusion of 544 

participants with imputed missing data, #3) inclusion of entire HN+ cohort of eligible OAI 545 

participants without PS-matching, and #4) random exclusion of one knee of participants whose 546 

both knees were included in HN+ statin users vs. non-users. 547 

  #1) Sensitivity to stratification for OA phenotype 

Statin user: non-user 
All PS-matched participants 

(HN+ & HN–) 
HN– PS-matched 

participants 

Worsening in number of affected 

subregions with BML (0-3) 
0.92 (0.72 - 1.18), P:0.505 1.05 (0.67 - 1.64), P:0.844 

Maximum worsening in BML score 

(0-3) 
0.95 (0.75 - 1.21), P:0.697 1.21 (0.79 - 1.86), P:0.390 

Worsening in BML score or number 

of affected subregions (Y/N) 
0.81 (0.61 - 1.07), P:0.143 1.06 (0.65 - 1.74), P:0.814 

  
#2) Sensitivity to the exclusion of participants with 

imputed missing data 

Statin user: non-user 
No/minimal BML 

involvement 

Moderate/severe BML 

involvement 

Worsening in number of affected 

subregions with BML (0-3) 
0.58 (0.35 - 0.96), P:0.036 0.98 (0.66 - 1.46), P:0.912 

Maximum worsening in BML score 

(0-3) 
0.67 (0.42 - 1.06), P:0.09 0.99 (0.67 - 1.47), P:0.961 

Worsening in BML score or number 

of affected subregions (Y/N) 
0.58 (0.34 - 0.97), P:0.039 0.84 (0.48 - 1.45), P:0.521 

  
#3) Sensitivity to the inclusion of the entire cohort of 

eligible OAI HN+ participants without PS-matching 

Statin user: non-user 
No/minimal BML 

involvement 

Moderate/severe BML 

involvement 

Worsening in number of affected 

subregions with BML (0-3) 
0.65 (0.42 - 0.98), P:0.042 1.13 (0.81 - 1.57), P:0.46 

Maximum worsening in BML score 

(0-3) 
0.65 (0.43 - 0.95), P:0.029 1.06 (0.76 - 1.46), P:0.737 

Worsening in BML score or number 

of affected subregions (Y/N) 
0.67 (0.45 - 0.98), P:0.042 0.80 (0.52 - 1.24), P:0.313 

  
#4) Sensitivity to the random exclusion of one knee of 

participants whose both knees were included 
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Statin user: non-user 
No/minimal BML 

involvement 

Moderate/severe BML 

involvement 

Worsening in number of affected 

subregions with BML (0-3) 
0.55 (0.32 - 0.91), P:0.021 1.00 (0.66 - 1.50), P:0.987 

Maximum worsening in BML score 

(0-3) 
0.56 (0.35 - 0.89), P:0.015 0.87 (0.58 - 1.30), P:0.494 

Worsening in BML score or number 

of affected subregions (Y/N) 
0.57 (0.34 - 0.97), P:0.038 0.79 (0.45 - 1.38), P:0.407 

Previously validated longitudinal 24-month BML dependent variables (i.e., outcome to the 548 

models) included 1) worsening in the number of affected subregions with BML (ranged from 549 

Improvement to no change, worsening in 1 subregion, and worsening in 2+ subregions), 2) 550 

maximum worsening in BML score (ranged from no change, within-grade worsening, to 551 

worsening by 1 grade, and worsening by 2+ grades), and 3) worsening in either of BML score 552 

(whole or within-grade) or the number of affected subregions (yes/no). Longitudinal measures of 553 

BML worsening were compared between statin users: non-users using logistic mixed-effect 554 

regression models while considering random intercept for each cluster of matched statin user: non-555 

user and random intercept considering within-subject similarities (due to the inclusion of both 556 

knees in a minority of participants, 5%) where the knee is nested within participant ID (except for 557 

sensitivity analysis regarding the random exclusion of one knee of participants who their both 558 

knees were included). All analyses were categorized according to baseline BML involvement in 559 

MRI. Knees with both ≤2 knee subregions with BMLs and maximum BML score ≤1 were regarded 560 

with no/minimal BML involvement, while knees either having >2 knee subregions with BMLs or 561 

maximum BML score >1 were considered with moderate/severe BML involvement. 562 

Models were adjusted for participants’ propensity score calculated for variables potentially 563 

contributing to confounding by indication bias and baseline KL grade, medial JSN grade, and  564 

BML status. 565 
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Supplementary Table 3. Baseline characteristics of the Heberden’s nodes negative (HN–) participants before and after propensity score 566 

matching according to statin use. 567 

 HN
–
 participant with no/minimal BMLs  HN

–
 participant with moderate/severe BMLs 

 Before matching Propensity score-matched  Before matching Propensity score-matched 

 Statin 

(-) 

Statin 

(+) 
SMD 

Statin 

(-) 

Statin 

(+) 
SMD  Statin 

(-) 

Statin 

(+) 
SMD 

Statin 

(-) 

Statin 

(+) 
SMD 

 164 69 
 

65 65   164 86  75 75  

Variables in the matching                           

Age (year) [mean (SD)] 
55.52 

(7.36) 

60.20 

(9.36) 
0.555 

59.09 

(7.50) 

59.48 

(9.12) 
0.046  57.21 

(8.39) 

60.95 

(8.20) 
0.45 

59.83 

(9.65) 

59.79 

(8.03) 
0.01 

No. of women [N (%)] 
91 

(55.5) 

31 

(44.9) 
0.212 

28 

(43.1) 

29 

(44.6) 
0.031  100 

(61.0) 

38 

(44.2) 
0.34 

32 

(42.7) 

35 

(46.7) 
0.08 

BMI (kg/m2) [mean (SD)] 
28.56 

(4.79) 

30.49 

(4.61) 
0.411 

29.71 

(4.93) 

30.34 

(4.68) 
0.133  30.81 

(5.54) 

31.19 

(4.64) 
0.08 

30.93 

(5.66) 

31.26 

(4.86) 
0.06 

Statin CVD indications 

except dyslipidemia [N 

(%)] 

31 

(18.9) 

26 

(37.7) 
0.426 

19 

(29.2) 

22 

(33.8) 
0.099  54 

(32.9) 

29 

(33.7) 
0.02 

28 

(37.3) 

22 

(29.3) 
0.17 

Alcohol use, ≥1/week [N 

(%)] 

66 

(40.2) 

23 

(33.3) 
0.144 

24 

(36.9) 

21 

(32.3) 
0.097  72 

(43.9) 

41 

(47.7) 
0.08 

34 

(45.3) 

34 

(45.3) 
0.01 

Smoking, Current or past 

[N (%)] 

72 

(43.9) 

42 

(60.9) 
0.345 

42 

(64.6) 

39 

(60.0) 
0.095  72 

(43.9) 

30 

(34.9) 
0.19 

31 

(41.3) 

28 

(37.3) 
0.08 

PASE score [mean (SD)] 
179.71 

(90.36) 

175.42 

(91.93) 
0.047 

163.78 

(81.52) 

173.69 

(93.07) 
0.113  171.52 

(89.75) 

179.15 

(84.98) 
0.09 

174.49 

(84.20) 

181.47 

(88.71) 
0.08 

Race, non-white [N (%)]  
23 

(14.0) 
6 (8.7) 0.169 5 (7.7) 6 (9.2) 0.055  57 

(34.8) 

23 

(26.7) 
0.17 

25 

(33.3) 

23 

(30.7) 
0.06 

Variables not in the matching                         

Hx of knee Injury, [N 

(%)]* 

47 

(28.7) 

22 

(31.9) 
0.07 

15 

(23.1) 

21 

(32.3) 
0.21  56 

(34.1) 

40 

(46.5) 
0.25 

22 

(29.3) 

36 

(48.0) 
0.39 

Statin type*   –   –    –   – 
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atorvastatin – 
31 

(60.8) 
 – 

30 

(63.8) 
  – 

26 

(41.3) 
 – 

21 

(38.9) 
 

fluvastatin  – 1 (2.0)  – 1 (2.1)   – 2 (3.2)  – 2 (3.7)  

lovastatin  – 1 (2.0)  – 1 (2.1)   – 2 (3.2)  – 2 (3.7)  

pravastatin  – 
6 

(11.8) 
 – 

6 

(12.8) 
  – 

11 

(17.5) 
 – 

10 

(18.5) 
 

rosuvastatin  – 4 (7.8)  – 3 (6.4)   – 4 (6.3)  – 4 (7.4)  

simvastatin  – 
8 

(15.7) 
 – 

6 

(12.8) 
  – 

18 

(28.6) 
 – 

15 

(27.8) 
 

Statin use duration, years, 

[mean (SD)] 

0.00 

(0.00) 

3.67 

(1.92) 
2.7 

0.00 

(0.00) 

3.62 

(1.96) 
2.61  0.00 

(0.00) 

3.63 

(1.84) 
2.79 

0.00 

(0.00) 

3.53 

(1.86) 
2.68 

Number of knee 

subregions with BML* 
  0.15   0.15    0.47   0.59 

0 
103 

(62.8) 

43 

(62.3) 
 40 

(61.5) 

43 

(66.2) 
  44 

(26.8) 

10 

(11.6) 
 23 

(30.7) 

8 

(10.7) 
 

1 
40 

(24.4) 

14 

(20.3) 
 16 

(24.6) 

12 

(18.5) 
  10 

(6.1) 
7 (8.1)  3 (4.0) 6 (8.0)  

2 
21 

(12.8) 

12 

(17.4) 
 9 

(13.8) 

10 

(15.4) 
  30 

(18.3) 

13 

(15.1) 
 16 

(21.3) 

12 

(16.0) 
 

3 0 (0.0) 0 (0.0)  0 (0.0) 0 (0.0)   39 

(23.8) 

21 

(24.4) 
 13 

(17.3) 

18 

(24.0) 
 

4 0 (0.0) 0 (0.0)  0 (0.0) 0 (0.0)   16 

(9.8) 

15 

(17.4) 
 8 

(10.7) 

13 

(17.3) 
 

≥5  0 (0.0) 0 (0.0)  0 (0.0) 0 (0.0)   25 

(15.2) 

20 

(23.3) 
 12 

(16.0) 

18 

(24.0) 
 

Maximum BML grade in 

knee* 
  0.14   0.42    0.08   0.07 

0 
65 

(39.6) 

32 

(46.4) 
 19 

(29.2) 

32 

(49.2) 
  0 (0.0) 0 (0.0)  0 (0.0) 0 (0.0)  

1 
99 

(60.4) 

37 

(53.6) 
 46 

(70.8) 

33 

(50.8) 
  15 

(9.1) 
7 (8.1)  5 (6.7) 6 (8.0)  

2 0 (0.0) 0 (0.0)  0 (0.0) 0 (0.0)   89 

(54.3) 

50 

(58.1) 
 43 

(57.3) 

41 

(54.7) 
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3 0 (0.0) 0 (0.0)   0 (0.0) 0 (0.0)     
60 

(36.6) 

29 

(33.7) 
  

27 

(36.0) 

28 

(37.3) 
  

Data are presented as numbers of knees. Statin (+) and Statin (-) corresponds to statin users and non-users, respectively. BMI: Body 568 

mass index, BML: Bone Marrow Lesion, HN: Heberden’s node, PASE: physical activity scale for the elderly, SMD: Standardized mean 569 

difference, SD: Standard deviation, N: Number of knees  570 

A significant difference for SMD was defined as ≥ 0.1.  571 

 Statin CVD indications except dyslipidemia were indicated as the presence of either history of coronary artery disease, cerebrovascular 572 

accident, diabetes (any stage of diabetes vs. no medical history of diabetes), or hypertension in clinical examination systolic blood 573 

pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg at OAI visit clinical examination). 574 

† race of participants was categorized as white and non-white considering the small number of participants in each non-white race group. 575 

 Variables that had an SMD ≥ 0.1 between matched groups after PS-matching were included as a covariate in the statistical models for 576 

further adjustment.577 
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