
O R I G I N A L  R E S E A R C H

Real-World Health Care Resource Utilization and 
Costs Among US Patients with Knee 
Osteoarthritis Compared with Controls

Angela V Bedenbaugh1 

Machaon Bonafede2 

Elizabeth H Marchlewicz3 

Vinson Lee4 

Jeyanesh Tambiah1

1Biosplice Therapeutics, Inc., San Diego, 
CA, USA; 2Veradigm Life Sciences, 
Chicago, IL, USA; 3IBM Watson Health, 
Cambridge, MA, USA; 4The Kinetix 
Group, New York, NY, USA 

Purpose: To determine the prevalence, healthcare resource utilization and costs (HCRU&C) 
of knee osteoarthritis (OA) patients versus controls.
Patients and Methods: Retrospective, matched-cohort administrative claims analysis 
using IBM MarketScan databases (2011–2017). Newly diagnosed, adult (18+ yrs) knee 
OA patients identified by ICD9/10 code were matched 1:1 to controls by age, sex, payer, 
and geography; alpha level set to 0.05. Prevalence was estimated for 2017. All-cause and 
knee OA-related HCRU&C reported per-patient-per-year (PPPY) over follow-up period up 
to 4 years.
Results: Overall 2017 knee OA prevalence was 4% (615,514 knee OA/15.4M adults). 
A total of 510,605 patients meeting inclusion criteria were matched 1:1 with controls. The 
knee OA cohort had mean age 60 years and was 58% female. Versus controls, knee OA 
patients had significantly more PPPY outpatient (84.5 versus 45.0) and pharmacy (29.8 
versus 19.8) claims, and significantly higher PPPY outpatient costs ($12,571 versus 
$6,465), and pharmacy costs ($3,655 versus $2,038). Knee OA patients incurred $7,707 
more PPPY total healthcare costs than controls, of which $4,674 (60.6%) were knee OA- 
related medical claims and $1,926 (25%) were knee OA-related medications of interest. 
PPPY costs for nonselective NSAIDs, cyclooxygenase-2 (COX-2) inhibitors, intraarticular 
hyaluronic acid, non-acute opioids, and knee replacement were higher for knee OA patients 
than controls. Using median and mean all-cause total cost ($9,330 and $24,550, respec-
tively), the estimated sum cost of knee OA patients in MarketScan ranged from $5.7B to 
$15B annually.
Conclusion: This retrospective analysis demonstrated an annual 2017 prevalence of 4.0% 
(≥18 years) and 13.2% (≥65 years) for newly diagnosed knee OA patients. Compared with 
controls, all-cause costs were significantly higher for knee OA patients, nearly double that of 
matched controls, attributable to increased medical and treatment costs and comorbidity 
treatment burden. Additionally, the estimated annual cost of knee OA treatment was sub-
stantial, ranging between $5.7 billion and $15 billion.
Keywords: administrative claims, economic burden, arthritis, pharmacy costs

Introduction
Knee osteoarthritis (OA) is a common, debilitating disorder resulting in damage to 
knee joint tissues, particularly articular cartilage and underlying bone, and is 
a leading cause of chronic pain and disability.1–3 The knee is one of the most 
common joints affected by OA and there is an estimated 13.8% lifetime risk of 
developing symptomatic knee OA.4,5 Risk factors can be multifactorial and may 
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include advancing age, female sex, obesity, and prior 
trauma.6 The burden of OA is both clinically significant 
and economically impactful with average annual medical 
costs and outpatient physician visits per patient being 
almost double those of sex- and age-matched patients 
without the disease.7,8 Additionally, knee OA is often 
associated with comorbidities, including obesity, depres-
sion and anxiety.9,10 Up to 50% of knee OA patients also 
have generalized OA (3 or more joints)11 which is asso-
ciated with incrementally higher rates of comorbidities.12 

Many of these comorbid conditions such as diabetes and 
depressive symptoms have also been shown to impact 
pain, functionality, and quality of life,13–15 all of which 
further increase the clinical and economic burden of 
knee OA.

Current treatment strategies for knee OA are multi-
modal and include nonmedical interventions along with 
pharmacologic treatments and surgical interventions. 
Pharmacologic treatments include nonsteroidal anti- 
inflammatory drugs (NSAIDs), non-opioid analgesics, 
opioids, and intra-articular corticosteroid (IA CS) or hya-
luronic acid (IA HA) injections before progressing to 
surgical interventions and eventually knee replacement 
(TKR). Drawbacks of current pharmacotherapy include 
targeting pain alleviation without treating underlying dis-
ease, limited efficacy, and side effects.16–22 Knee replace-
ment surgery is an effective treatment for many patients 
with end-stage knee OA who do not respond to pharma-
cologic therapy;23,24 however, 20.0% to 25.0% of patients 
have unsatisfactory results.25,26

Due to the aging population and increasing body mass 
index in the U.S.,27 the number of patients with knee OA 
is likely to increase over time.28 If current trends continue, 
this will lead to escalating health care resource utilization 
and costs (HCRU&C). Analyses of HCRU&C in knee OA 
patients to date have had small sample sizes,29 have only 
assessed the cost of a specific therapy such as IA HA,30–32 

or are not specific to the needs of a US third-party payer 
system.33 Updated analyses are important to understand 
utilization and cost trends and provide key decision- 
makers with timely and applicable information for use in 
planning health care reimbursement in the US. The objec-
tives of this retrospective administrative claims analysis 
were to (1) determine the prevalence of patients seeking 
care for knee OA in 2017 and (2) examine the HCRU&C 
from a large US knee OA population compared with 
matched controls in order to provide third-party payers 

and integrated health systems benchmarks for the cost of 
care for the knee OA population.

Patients and Methods
Data Sources
De-identified US administrative claims data from the IBM 
MarketScan Commercial Claims and Encounters database 
(Commercial) and MarketScan Medicare Supplemental 
and Coordination of Benefits database for those ≥65 
years of age (Medicare) from January 1, 2011, to 
December 31, 2017 were used to complete this analysis. 
Each database captures medical costs (inpatient and out-
patient services, office-administered medications, and dur-
able medical equipment) and pharmacy services data 
(outpatient prescription drug claims) for its respective 
covered population. The Commercial database included 
24.6 million lives in 2017 who were covered under 
a variety of health plans. The Medicare database included 
Medicare-eligible workers and retirees with employer- 
sponsored Medicare coverage and contained approxi-
mately 1.4 million lives in 2017. All study data were 
obtained using International Classification of Diseases, 
9th and 10th Revision, Clinical Modification (ICD-9-CM 
and ICD-10-CM) codes, Current Procedural Terminology 
4th Edition (CPT-4) codes, Healthcare Common Procedure 
Coding System (HCPCS) codes, and National Drug Codes 
(NDCs).

Case Identification: Patients with Newly 
Diagnosed Knee Osteoarthritis
Identifying newly diagnosed knee OA patients for this 
study was complicated by the recent transition from 
ICD-9-CM codes to ICD-10-CM codes, with the final 
conversion occurring in 2015. Thus, we adopted 
a combined ICD-9/ICD-10-CM strategy to ensure the cor-
rect diagnosis and maximize the available patient follow- 
up timeframe. This two-pronged approach ensured appro-
priate OA joint (knee) diagnosis while maximizing the 
number of individuals with at least 24-months of contin-
uous enrollment prior to a new knee OA diagnosis (diag-
nosis-free look-back period). ICD-9-CM 715.XX 
diagnosis is not location-specific, only identifying “OA 
of the lower extremity” (eg, includes ankle, knee and 
hip). ICD-10-CM codes were updated to be location- 
specific; therefore, the ICD-10-CM M17XX diagnosis 
code was used as confirmation of knee as the OA joint 
of interest among those initially identified with the 
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ICD-9-CM code. Patients with knee OA between 
January 1, 2013, and December 31, 2017, were identified 
using the following algorithm to ensure OA of the knee 
and to increase continuity of enrollment while bridging the 
ICD conversion: (1) at least one medical claim with an 
ICD-9-CM diagnosis code for lower-leg OA and 
a confirmatory medical claim with an ICD-10-CM diag-
nosis code for knee OA to confirm prior ICD-9-CM diag-
nosis code or (2) at least one medical claim with an ICD- 
10-CM diagnosis code for knee OA. For knee OA-related 
U&E, knee OA was required to be the principal diagnosis 
for inpatient admissions and the diagnosis could be in any 
position for outpatient services. Claims for services used 
in diagnosis (ie, to rule out a diagnosis with MRI, X-ray, 
etc.) alone were not sufficient to identify eligible patients. 
ICD-9-CM lower-leg OA codes included 715.16, 715.26, 
715.36, and 715.96, whereas ICD-10-CM knee OA codes 
included M170, M1710, M1711, M1712, M172, M1730, 
M1731, M1732, M174, M175, and M179. The index date 
was the first ICD-9-CM or ICD-10-CM diagnosis date.

To be eligible for study inclusion, patients had to be at 
least 18 years old on the index date, have at least 24 
months of continuous enrollment (CE) in a health insur-
ance plan with medical and pharmacy benefits before the 
index date with no evidence of knee or lower-leg OA (eg, 
newly diagnosed). Due to the lengthy and variable clinical 
presentation of OA and frequency of initial OTC therapy, 
24 months was chosen as the pre-index (baseline period) 
to decrease erroneously assigning initial knee OA diagno-
sis index date. Patients were followed for a variable-length 
follow-up period from the index date until the earliest date 
of inpatient death, end of CE, or December 31, 2017.

Treatment Prevalence of Knee 
Osteoarthritis
Prevalence estimates for 2017 were calculated as 
a separate research question from the HCRU&C outcomes. 
To maximize sample size for the prevalence estimates they 
were examined among the full Marketscan population 
from years 2016 and 2017. The aggregated treatment pre-
valence of OA in any joint (“total OA”) was estimated by 
counting patients with any OA diagnosis in 2017 and 
adding patients with any OA diagnosis in 2016 and pre-
sence of a claim for an associated OA treatment in 2017 
(eg, receipt of knee-OA-related medications of interest). 
Estimates were calculated as the number of total OA or 
knee OA patients divided by the total number of patients 

(of corresponding age brackets ≥18 and ≥65 years) in the 
MarketScan databases.

Control Cohort Identification and 
Matching
A random sample of control patients were identified from 
the MarketScan databases. Patients without a diagnosis of 
knee OA were eligible for inclusion as controls if they had 
at least one claim for an outpatient service between 
January 1, 2011, and December 31, 2017 (index date), 
were at least 18 years old, and had at least 24 months of 
pre-index health plan CE. Controls were directly matched 
to the newly diagnosed knee OA patients on age category 
(≤44, 45–54, 55–64, 65–74, and >74 years), sex, payer, 
and geographic region. Patients were not matched on or 
controlled for comorbid conditions as it has been well 
established that multimorbidity is common34 and comor-
bidities play a role in both the clinical disease,35–37 and 
cost38 of patients with knee OA and thus impact all-cause 
costs.

Patient Characteristics
Baseline demographic characteristics were measured on 
the index date and included age, sex, payer (Commercial 
or Medicare), and geographic region. Baseline clinical 
characteristics were measured during the 2-year baseline 
period and included the Deyo-Charlson Comorbidity Index 
(DCI)39 and the concomitant presence of coronary heart 
disease, depression, hyperlipidemia, hypertension (HTN), 
metabolic syndrome (METs), obesity, renal disease, 
respiratory disease, rheumatoid arthritis (RA), and type 2 
diabetes mellitus (DM II) diagnosis codes. The duration of 
follow-up was also captured.

Main Outcomes
All-cause (all claims for any indication) HCRU&C for 
cases and controls, including inpatient admissions, out-
patient services, and outpatient pharmacy, were recorded 
over follow-up and reported per patient per year (PPPY). 
The number of patients per site of care, number of 
claims, and costs associated with health care utilization 
(PPPY) were recorded for each patient. Total health care 
costs included inpatient services, outpatient services, and 
outpatient pharmacy services, whereas total medical 
costs included inpatient and outpatient services but 
excluded outpatient pharmacy costs. Additionally, total 
medical costs specific to knee OA were identified by 
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claims with an ICD-9-CM diagnosis of lower-leg OA or 
ICD-10-CM diagnosis of knee OA and reported as knee- 
OA-related HCRU&C. All costs included in the analyses 
are the paid amounts of fully adjudicated claims, includ-
ing insurer and patient portions. Costs were inflated to 
2017 US dollars using the medical care component of 
the Consumer Price Index.40

Utilization and costs associated with knee OA pharma-
cotherapies of interest and TKR were captured for cases and 
controls. In this study, TKR included both total and partial 
knee replacement surgery due to the inability to distinguish 
level of replacement in administrative claims data. 
Pharmacotherapies of interest included nonselective 
NSAIDs, cyclooxygenase-2 (COX-2) inhibitors, CS (IA or 
other type), IA HA, and non-acute opioids (>30-day supply). 
IA CS injections were identified by a combination of three 
codes on the same date: a procedure code for an IA injection, 
a medical or pharmacy claim for CS injection, and 
a diagnosis code for knee OA. The NDC and HCPCS 
codes used to define study treatment categories were 
mutually exclusive. However, if a patient received multiple 
knee OA treatment types, they were included in all respec-
tive treatment categories. Since a diagnosis of knee OA was 
used to define the injection location, IA CS injections could 
not be examined among controls. The number of patients 
that utilized each treatment, PPPY costs for treatment 
(among patients receiving the therapy), and time from 
index to treatment for each patient were recorded.

Statistical Analyses
Mean and standard deviation (SD) were reported for con-
tinuous variables and statistical significance was deter-
mined using Student’s t-tests. Frequencies and 
percentages were reported for categorical variables and 
statistical significance was determined using Chi-square 
tests. Cases and controls were followed for a variable- 
length follow-up period; U&C measures were reported as 
PPPY based on averaged daily values for standardization 
between patients with different lengths of follow-up. The 
alpha level for statistical tests was 0.05. Data analyses 
were conducted using WPS version 4.1 (World 
Programming, U.K.).

Results
Treatment Prevalence in 2017
Among the 15.4 million adults with continuous 
MarketScan enrollment during 2017, 1,308,346 (8.5%) 

met criteria for total OA and 615,514 (4.0%) met criteria 
for knee OA. Of 13.9 million adults in the Commercial 
database in 2017, 891,680 (6.4%) had total OA and 
423,804 (3.0%) had knee OA. In 2017, of 1.35 million 
adults age 65 or older with Medicare coverage, 391,022 
(28.9%) met criteria for total OA and 179,063 (13.2%) met 
criteria for knee OA. Therefore, knee OA comprised 
approximately 47.0% of identified total OA patients for 
Commercial and Medicare populations.

Patient Selection and Characteristics
There were 534,982 patients with newly diagnosed knee OA 
who met study criteria (Figure 1). Of these, 510,605 (95.4%) 
were directly matched to controls. The mean (SD) duration 
of the follow-up period was 2.0 (1.5) years. Among study 
patients, mean age was 60 years, 28.1% were over 65, and 
58.0% were female (Table 1). The baseline comorbidity 
burden was greater among knee OA patients compared 
with controls (DCI: 0.9 versus 0.6, P<0.001). All examined 
comorbid conditions were more prevalent (P<0.001) among 
knee OA patients than among controls (Table 1).

All-Cause Utilization and Costs
During the follow-up period, mean (SD) PPPY total health 
care costs were $24,550 ($301,786) for newly diagnosed 
knee OA patients and $16,843 ($469,090) for controls 
(Table 2). Median total health care costs were more than 
3.7-fold higher for knee OA patients ($9,330) compared 
with controls ($2,494).

Newly diagnosed knee OA patients had more PPPY 
visits for all-cause outpatient services (84.5 versus 45.0), 
including emergency room visits (0.51 versus 0.35), phy-
sician office visits (11.1 versus 6.1), and other outpatient 
services (68.7 versus 35.9), than controls (all, P<0.001; 
Table 2). However, PPPY all-cause inpatient admissions 
were similar between cohorts (0.27 versus 0.26, P=0.25). 
These findings corresponded with higher PPPY costs for 
outpatient services ($12,571 versus $6,465, P<0.001) but 
similar costs for inpatient admissions for knee OA patients 
versus controls ($8,325 versus $8,340, P=0.98). Overall, 
average PPPY total medical costs were 1.41-fold higher 
for knee OA patients than controls ($20,985 versus 
$14,804, P<0.001). Knee OA patients had more PPPY 
outpatient pharmacy claims than controls (29.8 versus 
19.8, P<0.001) and higher PPPY pharmacy costs ($3,655 
versus $2,038, P<0.001). Matched results, presented here, 
mirror outcomes observed in the pre-matched KOA patient 
population, suggesting a robustness of study results.
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Knee-Osteoarthritis-Related Utilization 
and Costs
Across the follow-up period, 99.1% of knee OA patients 
had knee-OA-related outpatient services claims, including 
84.4% who had knee-OA-related physician office visits, 
and 9.6% had knee-OA-related inpatient admissions. The 
mean (SD) PPPY knee-OA-related total medical costs 
were $4,674 ($17,847) (Table 2).

Treatment Utilization and Costs
During follow-up, more knee OA patients had treatments 
of interest than controls. Nonselective NSAID prescrip-
tions were filled by 206,556 knee OA patients, 2-fold more 
than controls (40.5% versus 19.6%, P<0.001; Figure 2). 
COX-2 inhibitor prescriptions were filled by 106,217 knee 
OA patients compared with 82,289 controls (20.8% versus 
16.1%, P<0.001). Non-IA CS use was common with 
346,831 knee OA patients versus 189,764 controls 

(67.9% versus 37.2%, P<0.001), whereas 254,792 knee 
OA patients received an IA CS injection (49.9%). IA HA 
prescriptions were filled by 94,113 knee OA patients com-
pared with 119 controls (18.4% versus 0.0%, P<0.001). 
Non-acute opioid prescriptions were filled by 104,037 
knee OA patients, 2-fold more than controls (20.4% versus 
9.8%, P<0.001). Knee replacements occurred in 55,380 
knee OA patients and 31 controls (10.8% versus 0.0%, 
P<0.001).

Average PPPY medication costs were higher for knee 
OA patients versus controls with costs 5.9-fold higher for 
nonselective NSAIDs, 4.0-fold higher for IA HA injec-
tions, 1.6-fold higher for COX-2 inhibitors, and 1.4-fold 
higher for non-acute opioids (all, P<0.001; Table 2). 
Among those receiving nonselective NSAIDs, the mean 
(SD) PPPY cost was $442 ($11,254) for knee OA patients 
versus $75 ($1,730) for controls. The mean (SD) PPPY 
cost of COX-2 inhibitors was $150 ($512) for knee OA 
patients versus $93 ($836) for controls. The mean PPPY 

Figure 1 Patient selection paradigm. Knee osteoarthritis patients were directly matched to controls (1:1) on age category, sex, payer, and geographic region.
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Table 1 Baseline Demographic and Clinical Characteristics Among Knee Osteoarthritis (OA) Patients and Controlsa

Characteristics Knee OA Cohort 
N=510,605

Control Cohort 
N=510,605

P Valueg

Age, mean (SD) 60.0 (12.2) 59.1 (13.6) <0.001

Age Categories, n (%) 1.000

≤44 years 42,954 (8.4) 42,954 (8.4)

45–54 years 117,777 (23.1) 117,777 (23.1)

55–64 years 206,554 (40.5) 206,554 (40.5)

65–74 years 76,098 (14.9) 76,098 (14.9)

>74 years 67,222 (13.2) 67,222 (13.2)

Female, n (%) 296,157 (58.0) 296,157 (58.0) 1.000

Payer, n (%) 1.000

Commercial 363,190 (71.1) 363,190 (71.1)

Medicare 147,415 (28.9) 147,415 (28.9)

US Geographic Region, n (%) 1.000

Northeast 104,456 (20.5) 104,456 (20.5)

North central 133,471 (26.1) 133,471 (26.1)

South 209,217 (41.0) 209,217 (41.0)

West 63,461 (12.4) 63,461 (12.4)

Deyo-Charlson Comorbidity Index (DCI),b mean (SD) 0.9 (1.6) 0.6 (1.3) <0.001

Comorbid Medical Conditions, n (%)

Hypertension 244,016 (47.8) 129,002 (25.3) <0.001

Hyperlipidemia 211,819 (41.5) 98,086 (19.2) <0.001

Coronary heart diseasec 128,745 (25.2) 82,574 (16.2) <0.001

Obesity 115,110 (22.5) 11,446 (2.2) <0.001

Respiratory diseased 111,408 (21.8) 62,856 (12.3) <0.001

Type 2 diabetes mellitus 94,752 (18.6) 50,218 (9.8) <0.001

Depression 57,082 (11.2) 17,919 (3.5) <0.001
Renal diseasee 38,867 (7.6) 17,020 (3.3) <0.001

Rheumatoid arthritisf 15,122 (3.0) 3988 (0.8) <0.001

Metabolic syndrome 4321 (0.8) 888 (0.2) <0.001

Notes: aDemographic characteristics (age, gender, payer, and geographic region) were assessed on the index date. Clinical characteristics (DCI, comorbid medical 
conditions) were reported for the 2-year pre-index period. Knee osteoarthritis patients were directly matched to controls (1:1) on age category, sex, payer, and geographic 
region; bDCI is an aggregate measure of comorbidity, which is expressed as a numeric score based on the presence of select diagnoses for various chronic medical 
conditions; ccoronary heart disease includes the following conditions: arrhythmias, atherosclerosis, congestive heart failure, ischemic heart disease, and valve disorders; 
drespiratory disease includes the following conditions: acute respiratory disease, asthma, COPD, emphysema, and other chronic respiratory disorders; erenal disease 
includes the following conditions: acute kidney disease, chronic kidney disease, kidney failure, kidney stones, and nephrotic syndrome; frheumatoid arthritis includes 
rheumatoid arthritis and other inflammatory polyarthropathies; gstatistical significance was defined a priori as p<0.05. All significant p-values are bolded in table text. 
Abbreviations: N, sample size; SD, standard deviation.
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Table 2 PPPYa Health Care Resource Utilization and Costs Among Knee Osteoarthritis (OA) Patients and Controls in the Post-Index 
Periodb

All-Cause Utilization and Costs Knee OA Cohort 
N=510,605

Control Cohort 
N=510,605

P Valueg

Inpatient (IP) Admissions

Patients with an IP admission, n (%) 112,232 (22.0) 83,335 (16.3) <0.001

PPPY count of IP admissions, mean (SD) 0.27 (2.32) 0.26 (5.88) 0.253

PPPY cost of IP admissions, mean (SD) $8,325 ($146,880) $8,340 ($454,098) 0.982

Medianf $0 $0 n/a

Total Outpatient (OP) Services

Patient with any OP service, n (%) 510,510 (99.9) 466,250 (91.3) <0.001

PPPY count of OP services, mean (SD) 84.47 (105.12) 45.00 (91.70) <0.001

PPPY cost of OP services, mean (SD) $12,571 ($42,205) $6,465 ($55,352) <0.001

Medianf $0 $2,270 n/a

Emergency Room (ER) Visits

Patients with an ER visit, n (%) 146,072 (28.6) 150,995 (29.6) <0.001

PPPY count of ER visits, mean (SD) 0.51 (2.77) 0.35 (2.31) <0.001

PPPY cost of ER visits, mean (SD) $901 ($6,730) $535 ($8,509) <0.001

Medianf $0 $0 n/a

Physician Office (PO) Visits

Patients with a PO visit, n (%) 494,651 (96.9) 437,620 (85.7) <0.001

PPPY count of PO visits, mean (SD) 11.10 (11.86) 6.07 (8.88) <0.001

PPPY cost of PO visits, mean (SD) $1,115 ($1,583) $551 ($949) <0.001

Median $795 $374 n/a

Other Outpatient (OP) Services

Patients with any other OP service, n (%) 504,440 (98.8) 456,250 (89.4) <0.001

PPPY count of other OP services, mean (SD) 68.71 (91.72) 35.86 (80.56) <0.001

PPPY cost of other OP services, mean (SD) $10,555 ($40,964) $5,378 ($54,280) <0.001

Median $4,179 $1,578 n/a

Outpatient (OP) Pharmacy Claims

Patients with any OP pharmacy claim, n (%) 480,155 (94.0) 430,250 (84.3) <0.001

PPPY count of OP pharmacy claims, mean (SD) 29.75 (29.77) 19.79 (23.19) <0.001

PPPY cost of OP pharmacy claims, mean (SD) $3,655 ($12,170) $2,038 ($6,233) <0.001

Median $810 $486 n/a

PPPY Total Medical Costsc

Mean (SD) $20,895 ($66,405) $14,804 ($201,737) <0.001

Median $7,795 $3,466 n/a

(Continued)
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Table 2 (Continued). 

All-Cause Utilization and Costs Knee OA Cohort 
N=510,605

Control Cohort 
N=510,605

P Valueg

PPPY Total Health Care Costsd

Mean (SD) $24,550 ($301,786) $16,843 ($469,090) <0.001

Median $9,330 $2,494 n/a

Knee-OA-Related Utilization and Costs Knee OA Cohort 
N=510,605

Control Cohort 
N=510,605

P Valueg

Inpatient (IP) Admissions

Patients with an IP admission, n (%) 48,791 (9.6) n/a

PPPY count of IP admissions, mean (SD) 0.08 (0.71) n/a

PPPY cost of IP admissions, mean (SD) $2,351 ($18,466) n/a

Medianf $0 n/a

Total Outpatient (OP) Services

Patient with any OP service, n (%) 506,119 (99.1) n/a

PPPY count of OP services, mean (SD) 16.84 (47.56) n/a

PPPY cost of OP services, mean (SD) $2,324 ($15,053) n/a

Median $622 n/a

Emergency Room (ER) Visits

Patients with an ER visit, n (%) 12,675 (2.5) n/a

PPPY count of ER visits, mean (SD) 0.07 (2.03) n/a

PPPY cost of ER visits, mean (SD) $85 ($4,387) n/a

Medianf $0 n/a

Physician Office (PO) Visits

Patients with a PO visit, n (%) 430,946 (84.4) n/a

PPPY count of PO visits, mean (SD) 3.06 (8.56) n/a

PPPY cost of PO visits, mean (SD) $334 ($1,103) n/a

Median $144 n/a

Other Outpatient (OP) Services

Patients with any other OP service, n (%) 445,605 (87.3) n/a

PPPY count of other OP services, mean (SD) 13.35 (40.75) n/a

PPPY cost of other OP services, mean (SD) $1,905 ($14,281) n/a

Median $350 n/a

Pharmacotherapies of Intereste

Prescription Nonselective (NS) NSAID Claims

Patients with NS NSAIDs at any time, n (%) 206,556 (40.5) 100,191 (19.6) <0.001

Time to NS NSAID claim (in days), mean (SD) 185.4 (281.1) 535.5 (491.6) <0.001

PPPY cost of NS NSAIDs, mean (SD) $442 ($11,254) $75 ($1,730) <0.001

(Continued)
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cost of non-IA CS prescriptions did not differ between 
knee OA patients ($309) and controls ($389, P=0.303); 
however, the mean (SD) PPPY cost of IA CS injections 

was $616 ($7,337) for knee OA patients. Among patients 
with non-acute opioid prescriptions, the mean (SD) PPPY 
cost was $727 ($4,992) for knee OA patients compared 

Table 2 (Continued). 

Knee-OA-Related Utilization and Costs Knee OA Cohort 
N=510,605

Control Cohort 
N=510,605

P Valueg

COX-2 Inhibitor Claims

Patients with COX-2 inhibitors at any time, n (%) 106,217 (20.8) 82,289 (16.1) <0.001

Time to COX-2 inhibitor claim (in days), mean (SD) 242.8 (312.2) 479.7 (455.6) <0.001

PPPY cost of COX-2 inhibitors, mean (SD) $150 ($512) $93 ($836) <0.001

Intra-articular Corticosteroid (IA CS) Claims

Patients with IA CS at any time, n (%) 254,792 (49.9) n/a* n/a

Time to IA CS claim (in days), mean (SD) 64.0 (199.8) n/a* n/a

PPPY cost of IA CS, mean (SD) $616 ($7,337) n/a* n/a

Corticosteroid (non-IA CS) Claims

Patients with non-IA CS at any time, n (%) 346,831 (67.9) 189,764 (37.2) <0.001

Time to non-IA CS claim (in days), mean (SD) 99.5 (201.6) 418.3 (444.3) <0.001

PPPY cost of non-IA CS, mean (SD) $309 ($8,912) $389 ($55,360) 0.303

Intra-articular Hyaluronic Acid (IA HA) Claims

Patients with IA HA at any time, n (%) 94,113 (18.4) 119 (0.0) <0.001

Time to IA HA claim (in days), mean (SD) 197.8 (293.9) 538.3 (478.2) <0.001

PPPY cost of IA HA, mean (SD) $1,012 ($3,219) $255 ($381) <0.001

Non-acute Opioid (>30-Day Supply) Claims

Patients with non-acute opioids at any time, n (%) 104,037 (20.4) 49,787 (9.8) <0.001

Time to non-acute opioid claim (in days), mean (SD) 101.3 (181.0) 197.7 (292.7) <0.001

PPPY cost of non-acute opioids, mean (SD) $727 ($4,992) $516 ($6,571) <0.001

PPPY Total Medical Costsc

Mean (SD) $4,674 ($17,847) n/a

Median $644 n/a

PPPY Total Pharmacotherapies of Interest

Mean (SD) $3,255 ($36,226) $1,329 ($64,879)

Median $759 $206 <0.001

Notes: aPPPY, Per patient per year; data is reported as PPPY to standardize outcomes against a variable-length follow-up period; bthe post-index period is of variable length. 
It starts with the index date and ends with the earliest of inpatient death, end of continuous health plan enrollment, or end of the study period (12/31/2017); ctotal medical 
costs include the sum of costs for inpatient admissions and outpatient services; dtotal health care costs include the sum of costs for inpatient admission, outpatient services, 
and outpatient pharmacy claims; epatients receiving the following medications: NSAIDs, COX-2-inhibitors, CS in any form, IA CS injections, HA injections, or opioids (>30- 
day supply); fcosts are calculated among all knee OA patients in the study population, not just those patients with a particular type of service. Median costs may be $0 when 
the majority of patients did not have that service. For example, only 22% of patients had an all-cause inpatient admission, so median cost of $0 reflects the fact that patients 
did not have inpatient admissions, not the cost among patients with an inpatient admission; gstatistical significance was defined a priori as p<0.05; All significant p-values are 
bolded in table text; n/a*, the study definition of the use of IA CS prevented this treatment modality from being observed within control patients because a diagnosis of knee 
OA was used to define the injection location. 
Abbreviations: N, sample size; SD, standard deviation.
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with $516 ($6,571) for controls. The mean (SD) PPPY 
cost of TKR was $24,065 ($53,639) for knee OA patients 
versus $14,347 ($17,538) for controls. Overall, knee OA 
patients incurred more than double the mean PPPY cost 
for knee-OA-related medications of interest compared 
with controls ($3,255 versus $1,329, P<0.001). Time 
from index diagnosis to prescription fill was 2- to- 4-fold 

shorter among knee OA patients than controls for all 
treatments (all, P<0.001; Figure 3). Results of 
a sensitivity analysis directly matching knee OA patients 
to controls on age category, sex, payer, and geographic 
region confirmed findings in the unmatched analyses, 
including significantly greater utilization of and costs for 
medications used to treat knee OA.

Figure 2 Treatment utilization among knee osteoarthritis (OA) patients and controls. *P<0.001 versus control cohort. n/a, limitations inherent to select billing codes 
resulted in an operational study definition of intra-articular corticosteroid injections of the knee that prevented this treatment modality from being observed within control 
patients; a diagnosis of knee OA was used to define the injection location, which was a requirement for inclusion in the knee OA cohort.

Figure 3 Time to treatment (in days) and PPPY treatment costs among knee osteoarthritis (OA) patients and controls. *P<0.001 versus control cohort. n/a, limitations 
inherent to select billing codes resulted in an operational study definition of intra-articular corticosteroid injections of the knee that prevented this treatment modality from 
being observed within control patients; a diagnosis of knee OA was used to define the injection location, which was a requirement for inclusion in the knee OA cohort.
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Discussion
The results of this analysis demonstrated that newly diag-
nosed knee OA patients in this claims database 
(MarketScan) were associated with significantly greater 
annual per patient HCRU&C compared with those with 
absence of knee OA.

Several studies have previously assessed the associa-
tion between HCRU&C and OA within the US utilizing 
administrative claims data; however, were limited by 
a non-specific ICD-9-CM OA code. Additionally, many 
of these used older data sources,8 had small sample 
sizes,29 were specific to a particular intervention,30–32 

or lacked a specificity to knee OA.38,41,42 Recent knee- 
OA-focused, U.S.-claims-based assessments have poorly 
characterized the prevalence of newly diagnosed patients 
seeking care and the direct comparison of U&C of knee 
OA patients with non-knee-OA patients. This study 
examined recent data, included a large sample size, 
compared multiple knee OA therapeutic options, and 
specifically focused on the HCRU&C of patients with 
knee OA. Current results represent a care-seeking knee 
OA population and demonstrated that these patients 
have significantly greater comorbidities, health care bur-
den, and economic burden compared with matched con-
trols; specifically, knee OA patients utilized 
approximately twice the PPPY outpatient services, 
1.5-fold more PPPY prescription fills, and $7,707 more 
in PPPY all-cause total health care costs.

The prevalence found in this study (4.0% of all adults 
and 13.0% of adults 65 years of age and older) is in line 
with previous estimates; although, direct comparisons can 
be difficult to make. The current study examined patients 
identified by administrative claims with diagnosis codes 
corresponding to knee OA, which potentially underesti-
mated prevalence by limiting these to patients seeking care 
for their knee OA. Deshpande et al estimated that 
14 million adults in the US had symptomatic knee OA in 
2008,43 representing a prevalence of 4.6%, whereas the 
rate of symptomatic knee OA was 16.7% in adults ≥45 
years old from the Johnston County OA project.28 

Additionally, Zhang and colleagues estimated the preva-
lence of symptomatic knee OA among patients over 60 
years of age to be 10.0% in men and 13.0% in women.44 

However, it has been noted that estimating the prevalence 
of knee OA is difficult due to multiple definitions that can 
be used to identify patients (eg, radiographic, sympto-
matic, mild/moderate/severe disease). This is further 

complicated by patient self-diagnosis and treatment with 
over-the-counter (OTC) therapies. Unlike the current 
study, these prior estimates relied on different data types 
and may not be representative of HCRU&C within 
a reimbursement system.

A recent review article showed that the average 
annual US costs for knee OA ranged from $1,442 to 
$21,335.45 In the present study, patients with knee OA 
incurred $24,550 in PPPY all-cause total health care 
costs, more than the maximum of the previously 
reported range, which is suggestive of a growing eco-
nomic burden. PPPY all-cause total health care costs 
were $7,707 more for knee OA patients compared with 
controls; of this, $4,674 (60.6%) was attributed to knee 
OA medical claims, which is substantially higher than 
prior estimates of 34.0% of health care costs arising 
from OA medical claims.41 Furthermore, when assessing 
treatments of interest, an additional PPPY cost of $1,926 
versus controls was attributable to knee OA, again 
demonstrating substantial and growing economic burden 
for knee OA patients.

The findings of this study suggest that health care costs 
of knee OA alone exceeds previously reported sum costs 
for total OA (all joints). Prior studies from 2007 and 2008 
found that all-cause health care costs for patients with OA 
in any joint were 2.5 to 3.5 times that of directly matched 
controls.38,41 In 2008, OA patients were reported to have 
mean total medical costs of $12,905 versus $5,099 for 
controls.38 In the current analysis, mean total health care 
costs were higher for knee OA patients than total OA 
patients in 2007 and 2008 (38.0% and 62.0%, respec-
tively). Thus, this analysis not only suggests an overall 
increase in the economic burden of knee OA but also of 
OA in general. With a median observed annual total health 
care cost of $9,330 and a mean observed annual total 
health care cost of $24,550 per knee OA patient, an 
approximate estimate for the sum PPPY cost of all knee 
OA patients in the MarketScan databases (4.0% of adults) 
would be approximately $5.7 to $15 billion annually 
(615,514 cases x $9,330 or $24,550).

Regarding potential correlates to health economic indi-
cators among knee OA patients, Gore et al assessed the 
impact of comorbidities on U&C. Knee OA patients were 
found to exhibit a high prevalence of comorbidities, which 
were related to significantly greater use of pain-related and 
adjunctive medications and higher medical costs versus 
controls without OA.38 Comorbid conditions are known 
predictors of increased hospital, postsurgical care, and 
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total episode costs among patients undergoing joint repla-
cement surgery.46 Comorbidities not only contribute to an 
increased economic burden of disease but also can present 
contraindications to the routinely prescribed treatment 
options for symptoms of knee OA and may even exacer-
bate disease progression. The use of COX-2 inhibitors and 
other NSAIDs is not recommended in patients with exist-
ing gastrointestinal, cardiovascular (CV), or renal disease 
due to an increased risk of complications47–50 and, 
recently, IA CS administration has been demonstrated to 
show cartilage-damaging and chondrotoxic effects.51 

Additionally, severity of HTN, presence of dyslipidemia 
or hyperglycemia, and total number of metabolic comor-
bidities have been identified as risk factors for increased 
severity of OA symptoms.52,53 In the current study, knee 
OA patients had a significantly greater prevalence of 
comorbid metabolic conditions compared with controls, 
including 10.1-fold greater obesity, 4.9-fold greater 
METs, 2.2-fold greater hyperlipidemia, and 1.9-fold 
greater HTN and DM II, which aligns with previous 
reports of a 1.5- to 10.1-fold increase in comorbid condi-
tions compared with controls.38,41,52 Current results show 
that 60.6% of the difference in all-cause total health care 
costs resulted from knee-OA-related total medical costs 
and another 25.0% was attributable to the additional cost 
of knee-OA-related medications of interest for knee OA 
patients compared with controls, suggesting that the 
remainder, an excess of $1,100 PPPY, represents the 
comorbidity burden seen in knee OA patients versus non- 
knee-OA patients. Further research quantifying the incre-
mental economic impact of comorbid disease in knee OA 
patients is warranted.

It has been proposed that the relative limitation of 
available, safe, and effective knee OA therapies results in 
a significant portion of patients being suboptimally treated, 
culminating in a distinct treatment gap for the sympto-
matic knee OA patient who is unresponsive to conserva-
tive care yet may not be an appropriate candidate for or 
prefers not to undergo TKR.54 A 2013 survey of orthope-
dic surgeons confirmed that such a treatment gap exists for 
knee OA patients.55 Therapeutic options for knee OA are 
limited to treatment of signs and symptoms and include 
nonmedical treatments, OTC and topical NSAIDs, pre-
scription NSAIDs, IA therapies, and analgesics; these 
options are eventually followed by TKR as the disease 
progresses. Of interest, the utilization rates of pharmaco-
logic therapies in the current study correlated well with 
previous studies that assessed late-stage knee OA (before 

TKR).56 The similarity of utilization rates between early 
OA and late-stage OA suggests an exhaustion of treatment 
options for patients despite disease progression necessitat-
ing TKR.

Opioid use is currently a topic of much debate.57 We 
characterized opioid use as non-acute if a patient received 
more than a 30-day supply, which was observed in 20.4% 
of newly diagnosed knee OA patients. The mean time to 
treatment was relatively brief (101.3 days), so this may 
have been an early treatment option for more severe 
patients. Opioid usage was 50.0–65.0% lower in this 
study than in previously reported administrative claims 
studies; although, this difference may be due to examining 
claims with more than a 30-day supply of opioids, changes 
in provider prescribing practices in light of the opioid 
epidemic, or differences in study populations.38,56 

Overall, usage of prescription pain and inflammation med-
ication was greater among knee OA patients compared 
with controls with higher associated costs and shorter 
time to treatment, which is consistent with published lit-
erature that reports greater utilization of prescription med-
ications for the management of pain and inflammation.41

The largest single expense for the management of knee 
OA is TKR29 and over one-half of patients with knee OA 
will undergo a TKR at some point during the course of 
disease management.58 During the mean follow-up of two 
years, 10.8% of knee OA patients in this study had a TKR 
at a PPPY cost of $24,065 (SD $53,639). Despite being 
a cost-effective option,59 TKR is expensive, 20.0% to 
25.0% of patients have an unsatisfactory result,20,25 and 
it is not suitable for all patients. Thus, in order to delay or 
reduce the need for TKR, there remains an urgent potential 
unmet need for novel knee OA therapeutics that not only 
provide continued symptom relief but also treat the under-
lying disease pathology.

Limitations
A particular challenge with designing this analysis was 
how to bridge timepoints and changes in the ICD coding 
system that occurred during the study period. Prior to the 
implementation of ICD-10-CM, there was no specific code 
for knee OA. Therefore, we used a strategy that would 
provide a population of confirmed knee OA patients and 
anchored patient identification to the knee OA-specific 
ICD-10-CM code. Therefore, a limitation of this study is 
that patients with an ICD-9-CM knee OA diagnosis prior 
to October 2015 without a confirmatory ICD-10-CM code 
would not be included in the study cohort. This does, 
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however, provide a cleaner population and provides 
a conservative estimate of HCRU&C. Additional limita-
tions of this study were those common to other retrospec-
tive administrative claims studies; data were subject to 
miscoding and undercoding, which may have introduced 
bias or measurement error. Also, due to the separate 
approaches to the two research questions of interest, pre-
valence estimates for 2017 were not linked to index dates 
identified for the HCRU&C cohort.

Current surgical management of knee OA includes 
several approaches to knee replacements based on provi-
der experience and preference. In this study, we use the 
terminology of “total knee replacement” to represent all 
knee joint replacement surgeries as partial replacements 
are not specified in the claims data. Thus, it is possible that 
some partial knee replacements were captured in the TKRs 
reported in this study. However, in 2017, the American 
Association of Hip and Knee Surgeons estimated that at 
least 90.0% of knee replacement surgeries were total repla-
cements, so a majority of the TKRs reported here were 
likely total replacements.60

In terms of generalizability, this analysis was restricted 
to patients with at least two years of diagnosis-free con-
tinuous Commercial or Medicare health plan enrollment 
and the reported costs were specific to the payers included 
in the database. Therefore, these findings may not extend 
to patients with less stable health insurance, no health 
insurance, or other health insurance. Knee OA patients 
were identified by claims with associated ICD-9-CM/ 
ICD-10-CM codes, assuming that knee OA was the pri-
mary reason for seeking care; however, there may be 
patients in whom this represented an incidental observa-
tion. The pharmacologic and surgical treatments examined 
in this study were not exclusively prescribed for knee OA 
and low and high opioid doses were not differentiated; 
patients may have received a treatment (eg, NSAIDs, 
COX-2 inhibitors, opioids) for a medical condition unre-
lated to knee OA. However, we attempted to mitigate this 
somewhat by specifying non-acute opioid utilization. 
Thus, U&C for treatments of interest may have overesti-
mated knee-OA-related U&C. Of note, it should be recog-
nized that cost data, particularly inpatient cost data may 
include outliers that can impact mean costs; therefore, we 
have included both means and medians to facilitate inter-
pretation of the observed real-world costs. Additionally, 
future research should include considerations for index 
diagnosis year, particularly in light of challenges that 
COVID-19 will have on physician visits and surgical 

interventions thus impacting interpretability of claims ana-
lyses. Lifestyle treatments (eg, weight loss, physical ther-
apy) and additional procedural treatments (eg, 
radiofrequency nerve ablation, arthroscopy, articular carti-
lage repair, stem cell therapy) were not included in this 
analysis.

Conclusion
These data update available knowledge on the substantial 
burden of knee OA to US health care systems. We 
estimated that the 2017 prevalence of patients seeking 
care for knee OA was 4.0% of the adult US population 
and 13.2% of those ≥65 years of age from an employer- 
based claims database. Newly diagnosed knee OA 
patients were found to have significant comorbidities 
and incurred annual all-cause HCRU&C nearly double 
that of matched controls. Also, compared with controls, 
knee OA patients demonstrated greater treatment utiliza-
tion, higher costs, and shorter time to treatment for 
medications of interest and TKR. Moreover, knee-OA- 
related costs comprised an estimated 85.0% of the addi-
tional PPPY economic burden demonstrated between 
knee OA and controls. Based on observed adult preva-
lence estimates, the sum cost of knee OA patients would 
be approximately $5.7 to $15 billion annually.
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