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Abstract

Objective—We sought to describe and evaluate longitudinal use of intra-articular injections after 

treatment initiation among adults with radiographically confirmed knee osteoarthritis (OA).

Method—Using data from the Osteoarthritis Initiative, we included participants with 

radiographically confirmed OA (Kellgren-Lawrence grade (K-L) ≥ 2) in ≥ 1 knee at baseline. With 

9 years of data, 412 participants newly initiating hyaluronic acid or corticosteroid injections with 

their index visit were identified. For each type of injection initiated, socio-demographic and 

clinical characteristics were described by patterns of treatments (one-time use, switched, or 

continued injections). Multinomial logistic models estimated the extent to which patient-reported 
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symptoms (post-initial injection and changes over time) were associated with patterns of injection 

use.

Results—Of those initiating injections, ~19% switched, ~21% continued injection type, and 

~60% did not report any additional injections. For participants initiating corticosteroid injections, 

greater symptoms post-initial injection were associated with lower odds of continued use 

compared to one-time users (adjusted odds ratio (aOR) for WOMAC pain: 0.91; 95%, confidence 

interval (CI): 0.83 to 0.99; aORstiffness: 0.77; CI: 0.63 to 0.94; aORphysical function: 0.97; CI: 0.94 to 

1.00). Symptom changes over time (e.g. worsened or improved) were not associated with patterns 

of injections use.

Conclusion—After treatment initiation, the proportion of patients switching injection use and 

one-time users was substantial. Symptoms post-initial injection appear to be associated with 

patterns of injection use. The extent to which these patterns are an indication of lack of impact on 

patient-reported symptoms should be explored.
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Introduction

Osteoarthritis (OA) is the most commonly seen arthritis among U.S. adults1–3. Among OA-

affected joints, knee OA is one of the leading causes of disability among adults living in the 

community3. OA is a slowly progressive joint disease and currently has no cure. Generally, 

the treatment goals for non-pharmacologic or pharmacologic treatment of OA include pain 

relief, improved mobility, delayed disease progression, and improved quality of life. For 

those whose non-pharmacologic interventions or symptom-relieving medications are 

ineffective, intra-articular injections may be recommended to attempt to more directly target 

underlying pathophysiological processes 4–7.

Although several guidelines for the treatment of knee OA have been issued, the 

recommendations for use of intra-articular injections such as corticosteroid or hyaluronic 

acid injections are inconsistent4,8,9. Costs contributing to the long-term use of injections due 

to the chronic symptoms of knee OA could be substantial10. Intra-articular injections are 

increasingly common and particularly among patients newly diagnosed with knee OA 11. 

Given the concern regarding increase in use and the associated economic burden for patients 

with knee OA, evaluating how patients use these modalities over time is important. 

Examining patterns of injections use can help understand the switching and/or augmentation 

of treatment related to clinical outcomes12,13. However, no previous studies have evaluated 

treatment patterns for intra-articular injection use among patients with knee OA living in the 

community.

This study sought 1) to describe and evaluate longitudinal use of intra-articular injections 

after treatment initiation; and 2) to identify factors associated with patterns of treatment use 

among adults with radiographically confirmed knee OA. With the data derived from yearly 

visits from the Osteoarthritis Initiative (OAI), we were able to identify newly initiated 
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injection users and examine factors associated with treatment patterns. We hypothesized that 

the patterns of injection use among participants initiating injections would be associated 

with more severe OA symptoms and/or changes in symptoms over time compared to those 

received one-time injections.

Method

Study sample

Publicly available data from the OAI were used14. The OAI study was originally a 

prospective cohort which enrolled participants from Baltimore, MD; Columbus, OH; 

Pittsburgh, PA; and Pawtucket, RI from 2004 through 2006. Using these four study sites, 

4,796 patients with established knee OA or at high risk for developing knee OA were 

enrolled. For this present retrospective cohort study, we used information from annual 

assessments from baseline through year 9. Figure 1 shows the study sample for the current 

study. We first included patients with radiographically confirmed OA (defined as having a 

Kellgren-Lawrence grade (K-L) >2) at baseline (n=2,550). From this group, participants 

who reported already receiving injections (corticosteroid or hyaluronic) at baseline (n=97) 

were excluded. In addition, participants with no follow-up assessments or missing > half of 

these assessments were also excluded (n=303). From the remaining 2,150, we further 

excluded those reporting use of both injections (concurrent users, n=52), not reporting any 

injection use over the 9 years of follow-up (n=1,636), reporting first initiation at year 9 

(n=47), and reporting injections after total knee replacement (n=3). The final analytic 

sample consisted 412 participants initiating injection use.

Index Knee for Analysis

In OAI, symptoms and x-rays for both knees were collected separately. We selected an index 

knee for use in the analysis based on the presence of symptoms (knee pain) and radiographic 

evidence of OA. For participants with only one radiographically confirmed OA knee at 

baseline, that knee was used as the index knee. If both knees were radiographically 

confirmed with OA, then the knee with greater pain at baseline measured by Western 

Ontario and McMaster Universities Arthritis Index (WOMAC) pain scale was used. If both 

pain scores were equal, then the knee with worse K-L grade was used as the index knee.

Injections use, index visit, and patterns defined

Injection use was assessed separately for both knees in OAI. Participants were first asked 

“During the past 6 months, have you had any injections in either of your knees for treatment 

of arthritis?” For those who answered yes, participants were then asked questions “During 

the past 6 months, have you had an injection of hyaluronic acid (Synvisc or Hyalgan) in 

either of your knees for treatment of your arthritis? These injections are given as a series of 

3 to 5 weekly injections.” To assess corticosteroid injections, participants were asked: 

“During the past 6 months, have you had an injection of steroids (cortisone, corticosteroids) 

in either of your knees for treatment of your arthritis?” The visit that participants reported 

their initial injection was used as the index visit.
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After identifying the initial injection and index visit, we used the first reporting of injection 

use during the follow-up to determine if participants continued or switched their injection 

use. Switching injection users were then defined as reporting at least one injection other than 

their initial injection during follow-up. For example, for participants who initiated 

corticosteroid injection use, reporting a hyaluronic acid injection constituted a switch. 

Continued users were defined as reporting more than one injection of the same type during 

follow-up. Those who did not report either a switching or continuing use during follow-up 

were considered as one-time injection users.

Symptoms

In the OAI, knee-related symptoms such as pain, stiffness, and physical function were 

examined annually using WOMAC, with a 5-point Likert scale. The range of scores was 0 to 

20 for pain, 0 to 8 for stiffness, and 0 to 68 for physical function15. For each subscale, higher 

numbers indicated worse symptoms. We were interested in evaluating patient-reported 

symptoms in two ways: 1) symptoms post-initial injection; and 2) longitudinal change in 

symptoms. We believed that these two metrics offered complementary (but distinct) 

information. The first one is symptoms measured at the post-initial injection. Conceptually, 

we believe this captures patents’ response to the initial treatment. If participants have higher 

symptoms post-initial injection, this may represent a surrogate for chronic and persistent 

symptoms of the knee16–18. In addition, we also evaluated longitudinal change in symptoms 

over the disease course which conceptually could also be associated with treatment use.

To determine the intervals of the first switching/continued injections use among one-time 

users, we used frequency matching to match the distribution of follow-up time intervals of 

the first reported switching/continuation among those switched and continued users to one-

time users. Symptoms post-initial injection were measured at the index visit in which the 

initial injection was reported. In general, change in symptoms were assessed between the 

index visit (where the initial injection was reported) to the visit before the switching/

continued injection use. To evaluate average changes of symptoms, we had to account for 

the varied number of years between visits. To do so, the difference of symptoms between 

index visit of injections use and one visit before the visit reporting switched/continued 

injection use was first calculated and then divided by the appropriate time intervals (Figure 

2A). For example, if the participants reported an initial injection at visit 2 and reported 

switching/continued injection use at visit 5, the average change of symptoms (e.g. WOMAC 

pain) between visits was calculated as: (pain score (visit 4) – pain score (visit 2)) / 2. 

However, participants could initiate injections use at visit 2 and report switching/continued 

injection use at one year after initiation (i.e. visit 3). In this scenario, the difference between 

the index visit and one year before was used to represent the change in symptoms between 

the initial injection and switched/continued injection use given the OAI’s data structure 

(Figure 2B). Using these change scores adjusted for time intervals, we created 3 categories 

to define minimal clinically important changes for each symptom: 1) improved, 2) no 

change, and 3) worsened. A negative change in WOMAC scores indicated improvement 

ranging from −4.6 to −1.2 for pain, −1.5 to −0.5 for stiffness, and −9.9 to −4.1 for physical 

function19–22. The minimal threshold was used for creating the categories (e.g. improved 
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pain was defined as < −1.2; worsened pain was defined as > 1.2; and no change was defined 

as −1.2 to 1.2).

Covariates

Sociodemographic characteristics including age, sex, race/ethnicity, income, and education 

were evaluated. Clinical characteristics such disease severity, knee-related symptoms, 

insurance coverage, general health status, and physical activity were also assessed.23 

Sociodemographic variables (e.g. sex, race/ethnicity, and household income) were 

considered time-invariant variables and thus using information from the enrollment. 

Information from the index visit were used for other variables.

Sociodemographic variables were self-reported. Race/ethnicity was categorized as non-

Hispanic White, non-Hispanic Black, and other. Educational levels were collapsed and 

categorized as high school or less, some college or college graduate, and at least some 

graduate school. Annual household income was categorized into three levels: < $25,000, 

$25,000–50,000, and > $50,000.

Clinical characteristics such as disease severity was measured based on K-L grade and joint 

space width (JSW). A detailed protocol regarding the measurement of JSW has been 

documented elsewhere14,24. If JSW measures were implausible (e.g. the distance between 

plateau and rim was > 6.5mm), we treated these as missing as these measures could be due 

to poorly positioned knees14. Multi-joint symptoms were present if participants had frequent 

pain, aching, or stiffness in ≥ two joints other than knee. Cumulative measures were used to 

assess the history of knee injury and surgery. Information was collected on prior knee 

injuries if participants had limited ability to walk for ≥ two days reported at any previous 

visit. A history of having knee surgery included arthroscopy, ligament repair or 

meniscectomy at any previous visit.

General health status was evaluated using the 12-item Short-Form Health Survey (SF-12)25, 

with summary scores for physical and mental health ranging from 0 to 100 and higher scores 

indicating better health status. Body mass index (BMI) was calculated using measured 

height and weight [weight (kg)/height (m)2]. Participants were categorized into: < 25, 

normal weight; 25 to < 30, overweight; and ≥ 30, obese26. Information on depressive 

symptoms were collected using Centers for Epidemiologic Studies Depression Scale (CES-

D). A CES-D score >16 indicated elevated depressive symptoms27. Comorbidity status was 

evaluated using the Charlson index and then categorized into 0, 1, and ≥ 228. Health 

coverage status and physical activity were self-reported. The Physical Activity Scale for the 

Elderly (PASE) consisting 26 items was used to assess activities including occupational, 

household, and leisure work over the past week, with higher scores indicating greater 

activities29.

Statistical analyses

Descriptive statistics including means and standard deviations (SD) for continuous variables 

and percentages for categorical variables were first calculated to describe socio-demographic 

and clinical characteristics by patterns of injections use for types of injections initiated at the 

index visit. Average yearly changes in symptoms between treatment initiation and switching/
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continued treatment use were also examined. Multicollinearity was evaluated and ruled out 

before the model building process by evaluating the correlations between the covariates of 

interest. Six multinomial logistic models were then built to evaluate the association between 

two operational expressions (symptoms post-initial injection; and change in symptoms) for 

three symptoms (pain, stiffness, and physical function) with patterns of injection use. 

Adjusted odds ratios (aOR) and 95% confidence intervals (CI) for each group compared to a 

common reference group (one-time users) were estimated after adjusting for socio-

demographics and clinical/functional factors.

Due to the concern of missing data on some of the potential confounders (e.g. ~13% of K-L 

score were missing among participants initiating corticosteroid injections) with selected 

sample for the current investigation and the OAI protocol, multiple imputation was used to 

impute the missing values30,31. We applied the Fully Conditional Specification method for 

imputation of missing data using SAS PROC MI FCS32. We used all available information 

from the covariates including socio-demographics and clinical/functional factors (e.g. multi-

joint symptoms, history of knee surgery or injury, CES-D, and comorbidity status) as 

variables in the imputation model to impute the missing values. Twenty imputed datasets 

were created. We then incorporated the imputed values to reanalyze each completed dataset. 

We finally combined estimates and generated valid inferences using SAS PROC 

MIANALYZE to compare results. Due to the small sample size, however, we were not able 

to examine such relationships among participants initiating hyaluronic acid use.

Results

Overall, 96 initiated of hyaluronic acid injections and 316 initiated corticosteroid injections. 

Regardless of types of initial injection, nearly 1 in 5 participants switched or continued the 

initial injection use and approximately 60% of participants did not receive any additional 

injections. Socio-demographic and clinical characteristics of participants initiating 

hyaluronic acid injections are presented in Table 1. The average age of those who switched 

from hyaluronic injections to corticosteroids was 62.0 years whereas the average age for 

those continuing with hyaluronic injections or who had only one injection was 65.6 years 

and 67.0 years, respectively. Fifty-two percent of those who switched injections were 

women, while 40.0% of those who continued and 46.6% of one-time users were women. 

Nearly two thirds of continued users and one-time users had at least some graduate school 

education whereas half of those switching injections use had graduate level education. Half 

of participants who switched injections use had K-L grade 4 and reports of multi-joint 

symptoms and history of knee injuries were common. WOMAC pain at the index visit was 

5.8 (SD: 3.7) for switching users whereas those who continued use and one-time users were 

4.0 (SD: 2.9) and 6.3 (SD: 3.7), respectively.

For participants initiating corticosteroid injections (Table 2), the average age of one-time 

users was 68.7 years (SD: 9.5 years) whereas those switched or continued were 67.2 years 

and 67 years of age, respectively. The majority of participants initiating corticosteroid 

injections had annual household income >$50,000. For clinical characteristics, nearly half of 

participants switched injection use had K-L grade 2 relative to the other groups (e.g. 

continued: 38.6%, one-time users: 30.2%). Overall, the majority of participants initiating 
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corticosteroid injections had multi-joint symptoms. Knee-specific symptoms such WOMAC 

pain at the index visit was 7.0 (SD: 4.4) for switching users whereas those who continued 

and one-time users were 5.2 (SD: 4.0) and 6.3 (SD: 4.1), respectively.

Table 3 shows the association between symptoms post-initial injection and switching or 

continuing corticosteroid injections compared to one-time users. In relation to one-time 

users, greater knee-specific symptoms post-initial injection were associated with lower odds 

of continued injections use (adjusted odds ratio (aOR) for WOMAC pain: 0.91; 95%, 

confidence interval (CI): 0.83 to 0.99; aORstiffness: 0.77; CI: 0.63 to 0.94; aORphysical function: 

0.97; CI: 0.94 to 1.00). Compared with one-time users, symptoms post-initial injection did 

not appear to be associated with switching injections use among initiators of corticosteroid 

injection.

Table 4 shows the association between the clinically relevant change in symptoms with first 

switching/continuation compared to one-time users among participants initiating 

corticosteroid injections use. For symptoms in pain and physical function, approximately 

half of participants experienced no clinically meaningful difference regardless of patterns of 

injection use. Reaching a priori defined minimally clinical important differences in 

worsened or improved pain was not associated with patterns of switching or continued 

injections use compared to one-time users. No association was observed for stiffness and 

physical function. The findings derived from analyses which used multiple imputation 

methods remained similar (data not shown).

Discussion

To our knowledge, this present study is the first study to describe the patterns of intra-

articular injection use in patients with knee OA. Our data suggest that a substantial 

proportion of knee OA patients initiating intra-articular injections use switched their 

treatment or used it for one time, regardless of the initial therapy or actual symptoms 

change. We found that approximately 1 in 5 participants initiating injections had switched 

injection type, but that channeling into the hyaluronic injections was not apparent. While 

24.0% of hyaluronic acid initiators switched to corticosteroid injections, 17.8% of 

corticosteroid initiators switched to hyaluronic acid injections. We also observed that it was 

reported symptoms post-initial injection rather than clinically meaningful changes in 

symptoms (e.g. improved or worsened) over time that appeared to be associated with 

patterns of use among corticosteroid users.

We hypothesized that the patterns of injection use among persons with knee OA would be 

associated with more severe symptoms and/or changes in symptoms over time compared to 

those who only received one-time injections. Although we were not able to examine such a 

relationship among participants initiating hyaluronic acid injections owing to a limited 

sample size available for analysis, our findings did support the hypothesis that greater 

symptoms post-initial injection were associated with lower odds of continued treatment use 

among participants initiating corticosteroid injections. Further, we observed that clinically 

meaningful changes in knee symptoms over time were not associated with either switching 

or continued injections compared to one-time users. Several explanations could be 

Liu et al. Page 7

Osteoarthritis Cartilage. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



responsible for this observation. It might be the channeling effects of injection use rather 

than the actual symptoms changes since current clinical guidelines are still 

conflicting4,8,9,33,34. A similar phenomenon was found in a study of celecoxib compared to 

other NSAIDs in OA patients35. Another potential explanation is that the relation between 

change in symptoms and actual treatments received may not be a linear. As such, it may 

affect the treatment decisions, particularly in persons with OA16,17. Since the sensitization of 

symptoms could be both influenced by both physical and psychological factors, it could be 

that sustained chronic symptoms rather than the success or failure of treatment affect 

treatment decisions.

In addition to symptoms of the knee, the decision to continue or switch intra-articular 

injections among patients might be driven by several factors including patient choice, 

physician specialty, insurance reimbursement, and cost reasons36,37. Indeed, the cost to 

manage OA could be substantial38–40. Typically, patients switch from less extensive and 

cheaper treatments (e.g. corticosteroid injections) to newer and more expensive therapies 

that may target more directly the underlying pathophysiological effects (e.g. hyaluronic acid 

injections). However, we observed that approximately 1 in 4 participants initiating 

hyaluronic acid injection use switched to corticosteroid injections. One potential explanation 

could be that “clinical equipoise” still exists and physicians and patients frequently switch 

between available options41,42. The end result may be additional economic and human 

burden of OA. In addition, although general practitioners can administer corticosteroid 

injections, hyaluronic acid injections are typically provided by specialists such as an 

orthopaedic surgeons or rheumatologists. Therefore, the extent of switching from hyaluronic 

injections to corticosteroid injections observed in this study may be a reflection of ease of 

convenience, rather than preference of injection type37.

Treatment switching, continuation, and discontinuation in populations with chronic disease 

might be due to suboptimal efficacy, safety, and tolerability of treatment modalities12,13. We 

did observe that there were high percentages of switching in both groups and this could be 

due to patients’ attempts to manage chronic pain with potentially suboptimal treatments. 

Indeed, recent evidence shows that viscosupplements can last through 26 weeks but no 

similar evidence exists for corticosteroid injections among persons with knee OA43,44. More 

studies regarding the long-term efficacy using multiple treatments might be needed. We 

observed a high proportion of one-time injection use in this study. While in some clinical 

scenarios this may indicate potentially intolerable side effects of the modalities, adverse 

events and side effects of intra-articular injections are rare and more often due to localized 

reactions (e.g. swelling or redness on the injection site) rather than systematic effects from 

the agent45. In this present study, we were not able to evaluate this relationship since 

information related to adverse effects is limited in the OAI. The high proportion of one-time 

use may also be reflective of lack of perceived efficacy of the treatment46.

Strengths and limitations of this study are acknowledged. This is the first study examining 

patterns of intra-articular injections use for patients with knee OA. Although participants 

were not newly diagnosed with OA and thus may have injection use before entering into the 

study, a new user design was used to minimize the bias47. Using data from the OAI, we were 

able to evaluate the associations between clinical outcomes and patterns of injections use 
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longitudinally. The low number of participants initiating hyaluronic acid injections limited 

our ability to develop models of patterns of injection use in this group. Despite the 

comprehensive assessment in OAI, physicians’ prescribing notes or chart information are 

lacking. Therefore, the extent to which treatment switching and continued observed in this 

study related to safety or tolerability of injections use is unknown. Although the indication 

of injections was self-reported and assessed for the 6 months before annual visits in the 

study, the proportion of participants receiving either injections is comparable to previous 

study48. However, we may still miss the identification of the initiation, continuation or 

switching during the intervals of assessments given the questionnaires used in OAI (i.e., 6 

months window before the annual visit to assess treatment use). If this misclassification was 

non-differential, the observed association could be toward the null. In addition, there is a 

potential for mismatch between the timing of actual injections use and assessments of 

symptoms. We may not have the optimal window to examine the associations of injection 

use and symptoms for all participants. However, we examined symptoms using two 

operational definitions which provided complementary but distinct information. Last, 

confounding by indication may arise when individuals have an "indication" for use of the 

drug even if the study population consists of subjects with the same disease. Traditionally, 

multivariable regression is used to account for differences in measured covariates between 

subjects49. Despite that we were able to adjust the indices to deal with the potential 

confounding by indication given the comprehensive measurement and information on the 

disease severity that might affect patients in seeking treatment in OAI, we could not rule out 

the possibility that our findings may still be biased by factors such as the patients’ 

preference of physicians or specialists that is not measured in the OAI.

In conclusion, we found that approximately 19% of patients with radiographically confirmed 

knee OA who initiated injections switched injection type and ~60% did not receive any 

injections after their initial injection. Furthermore, among those initiating corticosteroid 

injection use, we also observed that symptoms post-initial injection might be associated with 

patterns of injections use and approximately half of participants experienced no clinically 

meaningful change on symptoms regardless of patterns of injection use. Despite that the 

proportion of patients switching injection use and onetime users was substantial in both 

types of commonly used treatment agents, there is currently consistent approach for intra-

articular injections use in treatment guidelines for patients with knee OA. Further, these 

phenomena may suggest that longer-term efficacy regarding symptom relief and/or slowing 

disease progression of these agents maybe suboptimal among patients with OA in the real-

world setting.
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Figure 1. 
Flowchart of study participants.
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Figure 2. 
Scheme of the study design to define changes between visits among injection users.
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Table 1

Clinical characteristics by patterns of hyaluronic acid injection use (N=96*).

Characteristics Switching users
(n=23)

Continued users
(n=15)

One-time users
(n=58)

Mean (SD) age in years 62.0 (8.0) 65.6 (7.4) 67.0 (8.6)

Mean intervals 2.4 (1.9) 1.5 (0.9) NA

Women (%)a 52.2 40.0 46.6

Race/ethnicity (%)a

Non-Hispanic White 82.6 93.3 89.7

Non-Hispanic Black 8.7 0 6.9

Other 8.7 6.7 3.5

Education (%)a

High school or less 8.7 20.0 12.3

Some college 39.1 20.0 22.8

College graduate 8.7 33.3 19.3

Some graduate school or above 43.5 26.7 45.6

Income (%)a

<$25,000 0 13.3 3.5

$25,000 - $50,000 34.8 6.7 22.8

>$50,000 65.2 80.0 73.7

Body mass index (%)

Normal 13.0 20.0 15.5

Overweight 34.8 20.0 31.0

Obese 52.2 60.0 53.5

Health care coverage (%) 100.0 100.0 100.0

Kellgren-Lawrence grade (%)

2 15.0 15.4 18.4

3 35.0 46.2 46.9

4 50.0 38.5 34.7

Multi-joint symptoms (%) 78.3 46.7 60.3

History of knee injury (%) 69.6 46.7 56.9

History of knee surgery (%) 56.5 46.7 53.5

Depressive symptoms (CES-D >16) (%) 13.0 20.0 9.3

Comorbidity status

0 73.9 64.3 72.4

1 17.4 28.6 19.0

≥2 8.7 7.1 8.6

WOMAC scores, mean (SD)

Pain 5.8 (3.7) 4.0 (2.9) 6.3 (3.7)
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Characteristics Switching users
(n=23)

Continued users
(n=15)

One-time users
(n=58)

Stiffness 2.7 (1.7) 2.3 (1.5) 3.0 (1.6)

Physical function 17.1 (11.5) 14.2 (9.9) 18.7 (12.1)

Joint space width, mean (SD) 3.4 (1.9) 4.6 (1.7) 3.9 (2.2)

SF-12 PCS, mean (SD) 40.2 (9.9) 41.5 (9.1) 41.2 (10.4)

SF-12 MCS, mean (SD) 54.0 (7.6) 53.5 (11.5) 56.2 (7.6)

PACE, mean (SD) 154.2 (70.4) 177.4 (64.2) 145.1 (82.3)

Abbreviation: CES-D, Centers for Epidemiologic Studies Depression Scale; MCS, SF-12 Mental Component Summary scores; PACE, Physical 
activity scale for the elderly; PCS, SF-12 Physical Component Summary scores; SD, standard deviation; WOMAC, The Western Ontario and 
McMaster Universities Arthritis Index.

a
Information at enrollment was used.

*
Number of participants with missing information: education (1), annual household income (1), health care coverage (5), Kellgren-Lawrence grade 

(14), CES-D (4), comorbidity status (1), WOMAC Physical function (2), joint space width (24), SF-12 PCS (5), SF-12 MCS (5), PACE (2).
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Table 2

Clinical characteristics by patterns of corticosteroid injection use (N=316*).

Characteristics Switching users
(n=56)

Continued users
(n=75)

One-time users
(n=185)

Mean (SD) age in years 67.2 (9.5) 67.0 (7.9) 68.7 (9.5)

Mean intervals 2.3 (1.7) 1.9 (1.5) NA

Women (%)a 66.1 60.0 64.3

Race/ethnicity (%)a

Non-Hispanic White 76.8 74.7 78.4

Non-Hispanic Black 14.3 20.0 18.4

Other 8.9 5.3 3.2

Education (%)a

High school or less 14.3 14.7 21.7

Some college 21.4 26.7 27.7

College graduate 28.6 24.0 20.1

Some graduate school or above 35.7 34.7 30.4

Income (%)a

<$25,000 14.3 12.0 15.8

$25,000 - $50,000 28.6 28.0 33.7

>$50,000 57.1 60.0 50.5

Body mass index (%)

Normal 14.3 12.0 13.0

Overweight 33.9 45.3 41.1

Obese 51.8 42.7 46.0

Health care coverage (%) 100.0 100.0 98.9

Kellgren-Lawrence grade (%)

2 48.9 38.6 30.2

3 28.9 38.6 39.0

4 22.2 22.9 30.8

Multi-joint symptoms (%) 66.1 58.7 51.9

History of knee injury (%) 42.9 49.3 51.4

History of knee surgery (%) 23.2 32.0 37.3

Depressive symptoms (CES-D >16) (%) 18.2 13.3 14.0

Comorbidity status

0 52.7 58.7 65.8

1 32.7 24.0 15.2

≥2 14.6 17.3 19.0

WOMAC scores, mean (SD)

Pain 7.0 (4.4) 5.2 (4.0) 6.3 (4.1)
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Characteristics Switching users
(n=56)

Continued users
(n=75)

One-time users
(n=185)

Stiffness 3.0 (1.8) 2.5 (1.8) 2.9 (1.7)

Physical function 20.2 (12.7) 17.2 (13.6) 19.6 (13.2)

Joint space width, mean (SD) 4.7 (1.9) 4.4 (2.0) 4.2 (1.9)

SF-12 PCS, mean (SD) 39.4 (8.7) 41.1 (10.3) 41.3 (9.9)

SF-12 MCS, mean (SD) 54.8 (10.4) 55.1 (9.5) 53.8 (9.3)

PACE, mean (SD) 141.0 (81.0) 137.9 (71.8) 137.3 (73.8)

Abbreviation: CES-D, Centers for Epidemiologic Studies Depression Scale; MCS, SF-12 Mental Component Summary scores; PACE, Physical 
activity scale for the elderly; PCS, SF-12 Physical Component Summary scores; SD, standard deviation; WOMAC, The Western Ontario and 
McMaster Universities Arthritis Index.

a
Information at enrollment was used.

*
Number of participants with missing information: education (1), annual household income (1), health care coverage (10), Kellgren-Lawrence 

grade (42), CES-D (7), comorbidity status (2), WOMAC Physical function (7), joint space width (94), SF-12 PCS (16), SF-12 MCS (16), PACE 
(20).
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Table 3

Association* between symptoms post-initial injection and first switching/continuation of corticosteroid 

injections among participants with radiographic confirmed knee osteoarthritis.

Switching users Continued users

Pain Odds Ratio (95% Confidence Interval)

Crude 1.04 (0.97 to 1.12) 0.93 (0.87 to 1.00)

Adjusteda 0.97 (0.88 to 1.07) 0.91 (0.83 to 0.99)

Stiffness

Crude 1.02 (0.86 to 1.21) 0.88 (0.75 to 1.03)

Adjusteda 0.83 (0.66 to 1.05) 0.77 (0.63 to 0.94)

Physical function

Crude 1.00 (0.98 to 1.03) 0.99 (0.97 to 1.01)

Adjusteda 0.97 (0.94 to 1.00) 0.97 (0.94 to 1.00)

*
Odds ratios (95% Confidence Intervals) were estimated using participants with one-time use of injections as the reference group.

a
Adjusted for age at the index visit, sex, K-L grade, comorbidity status, and SF-12 physical component scores.
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