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ABSTRACT

Introduction: Osteoarthritis (OA) is a complex
disease, and prior studies have documented the
health and economic burdens of patients with
OA compared to those without OA. Our goal
was to use two strategies to further stratify OA
patients based on both pain and treatment
intensity to examine healthcare utilization and
costs using electronic records from 2001 to 2018
at a large integrated health system.

Methods: Adult patients with >1 pain numeri-
cal rating scale (NRS) and diagnosis of OA were
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included. Pain episodes of >90days were
defined as mild (0-3), moderate (4-6), or severe
(7-10) based on initial NRS. Patients were ini-
tially classified as mild and moved to moderate-
severe OA if any of eight treatment-based
criteria were met. Outpatient visits (OP), emer-
gency department visits (ED), inpatient days,
and healthcare costs (both all-cause and OA-
specific) were compared among pain levels and
OA severity levels as frequencies and per-mem-
ber-per-year rates, using generalized linear
regression models adjusting for age, sex, and
body mass index, with contrasts of p < 0.05
considered significant.

Results: We identified 127,656 patients, 92,576
with pain scores. Moderate and severe pain were
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associated with significantly higher rates of OA-
related utilization and costs, and all-cause ED
visits and pharmacy costs. Moderate-severe OA
patients had significantly higher OA-related
utilization and costs, and all-cause OP, ED and
pharmacy costs.

Conclusions: Pain and treatment intensity were
both strongly associated with OA-related uti-
lization but not consistently with all-cause uti-
lization. Our results provide promising evidence
of better criteria and approaches for predicting
disease burden and costs in the future.
Keywords: Clinical  phenotyping;  Health
economics; Osteoarthritis; Pain

Key Summary Points

Why carry out this study?

Prevalence of osteoarthritis (OA) is
increasing, and it is projected to reach
25% of U.S. adults by 2030.

Understanding the burden of OA is key to
determining the most beneficial
prevention and treatment strategies but
classifying patients by disease severity to
predict future needs is difficult.

Our study is the first to use two strategies
for segmenting patients into OA severity
groups, based on pain and treatment
intensity, and compare differences in
utilization and costs in a large population
over 18 years.

What bas been learned from the study?

Pain and treatment intensity were both
strongly associated with OA-related
resource utilization but not consistently
with all-cause utilization.

These results provide evidence for
developing improved criteria for
classifying patients that would help to
predict future disease burden and enable
targeted preventative strategies.

INTRODUCTION

Osteoarthritis (OA) is a mechanical and
inflammatory-mediated disease that involves
progressive change in the external and internal
environment of the joint and results in sub-
stantial clinical and economic burden [1, 2].
Worldwide, 14% of all individuals over age 60
have this diagnosis [3], and prevalence is only
anticipated to increase [4]. In 2030, it is pro-
jected that approximately 25% of American
adults will have disability due to OA, and over
50% of these sufferers will be 65 years of age and
older [4]. In the United States (U.S.), hospital-
izations for arthritis are the second most
expensive, costing roughly $20 billion [5], and
the U.S. is estimated to spend $139.8 billion
annually on outpatient OA care [6-8]. In addi-
tion to age, there are also clear associations
between OA and risk factors such as obesity and
female sex [9-15].

The most likely reason for patients with
osteoarthritis to seek help from a physician is
the symptom of pain [16]. However, due to
inconsistent measures to qualify pain sensation,
as well as the perception that joint pain is a
normal consequence of aging, many patients
suffer in silence [17]. Even though self-reported
pain scores such as the Numerical Rating Scale
(NRS) are limited in adequately describing the
multidimensional nature of pain, a two-point
difference (on a 0-10 scale) has been proven to
detect clinically important changes in pharma-
ceutical and physical therapy trials [18, 19], and
using electronic health records to consistently
report this measure has been shown to improve
pain management outcomes [20]. Recently,
increased healthcare resource utilization in
patients with knee and hip OA was shown to be
associated with higher pain scores, with cost of
care for patients with mild pain roughly 18%
less than for those who rated their pain as
moderate to severe [21].

Osteoarthritis pain is not always correlated
with disease progression [16, 22], however, as
the pathogenesis of OA is labile. This lability
makes it difficult to reliably determine disease
severity, particularly when imaging studies are
clinically not indicated to make an OA
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diagnosis and thus not routinely ordered [23].
Although significant strides have been made in
evidence-based clinical algorithms and care
guidelines have been established, the data to
guide clinical treatment decision making is still
limited [8, 24-27]. Understanding the burden of
OA is key to determining the most beneficial
preventative strategies and the potential thera-
peutic interventions that would have the most
beneficial impact [28, 29].

This study was intended to address the
question of which segments of the OA popula-
tion are driving the burden and costs of the
disease. While the studies mentioned above
have compared patients with OA to those
without it [23] or focused on pain levels [21],
they have not directly compared utilization and
cost across multiple approaches to defining OA
subgroups. Our objective was to utilize two
strategies for segmenting patients into OA
severity groups—one defined by pain scores,
and one based on treatment intensity—and
compare how these two strategies were able to
differentiate between groups having different
healthcare utilization and costs. This is the first
study to our knowledge to use both electronic
health records and claims to analyze direct
financial costs in subcategories of disease
severity, based on both pain and treatment
progression, in a large open-cohort design in an
integrated health system over an 18-year period.

METHODS

Setting and Study Design

All data for this study originated from Gei-
singer, an integrated health system in Pennsyl-
vania. Geisinger serves over 500,000 patients
per year with seven hospitals, a network of 138
primary and specialty clinics, and a single elec-
tronic health record (EHR) platform (Epic Cor-
poration, Verona, WI) encompassing inpatient
and outpatient care across its network since
2001. Geisinger Health Plan, an affiliated
insurance company, provides insurance to
approximately one-third of the patients receiv-
ing care at Geisinger, with the remaining
patients having a mix of commercial,

government, and other insurance plans. All
EHR and claims data for this project were
extracted from Geisinger’s comprehensive
enterprise-level data warehouse, created in 2006
as a single source of truth of cleansed, relevant
data for clinical, financial, operational, and
research needs that is updated every 24 h.

This was a retrospective, open-cohort study
using EHR and insurance claims at Geisinger.
The aim was to compare how two strategies for
segmenting OA patients based on pain or
treatment intensity were able to differentiate
between groups having different healthcare
utilization and costs. Patients were initially
identified as eligible for the study if they had at
least two outpatient encounters at a Geisinger
facility between January 1, 2001 and December
31, 2018 and were age 18 or older when they
received a diagnosis code for OA of any joint in
the EHR on an encounter, problem list, or OA-
related procedure (hip/knee replacement,
arthroscopy, or injection). The first occurrence
of an OA diagnosis or procedure was defined as
the patient’s index date, recognizing that in a
retrospective study like this one, patients may
have been diagnosed with OA prior to the study
period or prior to entering the health system.
OA was defined using the International Classi-
fication of Diseases Ninth/Tenth Revisions,
Clinical Modification (ICD-9/10-CM) codes
ICD-9: 715.* or ICD-10 M15-19 [30, 31]. Other
procedure and diagnosis codes are provided in
Tables X1 and X2 in the Supplementary Mate-
rial. For this study, patients were included in the
treatment intensity-based analysis if they
had >1 month of insurance coverage and were
included in the pain analysis if they also had >1
NRS for pain after OA diagnosis. Patients were
right-censored when they dropped insurance
enrollment, died, or reached the end of the
study period on December 31, 2018, whichever
came first. This study was performed in line
with the principles of the Helsinki Declaration
of 1964, and reviewed and approved (IRB
#2019-1033) by Geisinger’s Institutional Review
Board (IRB) as meeting the criteria for exemp-
tion as defined in the U.S. Department of
Health and Human Services Regulations for the
Protection of Human Subjects [(45 CFR
46.104)]. The specific exemption category under
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45 CFR 46.104 was category 4, secondary
research for which consent was not required for
a retrospective study.

Pain Episode Definition

We examined NRS pain scores (scale of 0-10)
taken on or after the first OA diagnosis in either
the inpatient or outpatient setting, and defined
“pain episodes” for every patient, where
patients could contribute multiple episodes to
the analysis. Each pain episode began on the
date when an NRS score was taken, and con-
tinued for 90days, with time-dependent
covariates such as age or body mass index (BMI)
updated accordingly. If an additional NRS was
taken during those 90 days, the length of the

episode was extended further until 90 days
elapsed with no new NRS scores. In order to
avoid double counting utilization or cost, epi-
sodes could not overlap, and each episode was
categorized based on the initial pain score taken
as mild (0-3), moderate (4-6), or severe (7-10).
These categories have been widely used in
clinical studies and routine clinical practice
[32].

Treatment Stage Definition

We defined two stages of OA progression based
on treatment intensity, mild and moderate-se-
vere. A set of eight treatment-based criteria
identified in EHR and claims data were used to
define moderate-severe OA, and these were

Table 1 Treatment-based severity criteria used to define moderate-severe category of OA

Name Description References
Procedures At least 1 OA-related hip or knee surgery, including knee Meneses et al., IBJI [24, 33]
injections
Anxiety/ At least 2 encounters with a primary diagnosis of anxiety or Deveza et al., White et al. [25, 34]
depression depression occurring within 180 days of an encounter with a
primary diagnosis of OA
Opioid At least 2 prescriptions for opioid, each occurring within 90 days Meneses et al., IBJI, NICE (2019),
of an encounter with primary diagnosis of OA Hochberg et al. [24, 26, 33, 35]
NSAID At least 2 prescriptions for nonsteroidal anti-inflammatory drugs Meneses et al., IBJI, NICE (2019),
(NSAID) each occurring within 90 days of an encounter with Hochberg et al. [24, 26, 33, 35]
primary diagnosis of OA
HA or IA At least 2 administrations of hyaluronic acid (HA) or intra- Meneses et al., Hochberg et al.
corticosteroids articular (IA) corticosteroids, at least 90 days apart (24, 26]

Mobility aid

At least 1 prescription order for a mobility aid (e.g., walker)

occurring within 30 days of an encounter with primary

diagnosis of OA

At least 1 referral to, or completed encounter with, a physical or Arthritis Foundation, NICE (2014)

[36, 37]

Physical/
occupational occupational therapy department, occurring within 30 days of
therapy an encounter with primary diagnosis of OA

X-rays At least 2 X-ray examinations (excluding chest

X-rays) < 365 days apart, cach occurring within 90 days of an

encounter with primary diagnosis of OA

*Based on expert opinion from the study team, no specific reference
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based on the 2019 OA treatment recommenda-
tions from the American College of Rheuma-
tology (ACR) and 2019 OA treatment algorithm
from the European Society for Clinical and
Economic Aspects of Osteoporosis and
Osteoarthritis (ESCEO) and other literature
[24-26, 33-39]. These criteria are outlined and

diagnosis (index date), each patient was initially
assigned to the mild category. If a patient never
met any of the criteria, their entire timespan
was classified as mild OA, and if a patient met at
least one of the criteria on the same date as their
first OA diagnosis, then their entire timespan
was classified as moderate-severe OA. Other-

described in Table 1. At the time of initial OA

wise,

if a criterion was met after

initial

Table 2 Baseline characteristics compared among treatment-based and pain categories, as of the patient’s first observation

in each category

Pain episode category |d| severe Treatment-based category

Mild Moderate Severe [d| vemild g Moderate- |d]

(n = 61,823) (» =52,208) (n = 40,303) Moderate (n = 83,625) severe

vs. mild (n = 63,615)
Age, in years, N (%)
18-44 14268 (23%) 15311 (29%) 11,904 (30%) 0.14 0.15 33,791 (40%) 12,128 (19%) 0.48
45-64 23,754 (38%) 20,617 (39%) 15,896 (39%) 0.02 0.02 31,306 (37%) 29.979 (47%) 0.20
65-79 17,300 (28%) 12,001 (23%) 8952 (22%)  0.11 0.13 14,903 (18%) 16,879 (27%) 0.21
80+ 6501 (11%) 4279 (8%) 3551 (9%)  0.08 0.06 3625 (4%) 4629 (7%)  0.13
Mean (SD) 57 (18) 54 (18) 54 (18) 0.17 0.17 49 (18) 57 (16) 0.47
Sex, N (%)* 0.08 0.13 0.01
Males 25304 (41%) 19,335 (37%) 13,987 (35%) 33,414 (40%) 25,094 (39%)
Females 36511 (59%) 32,869 (63%) 26,315 (65%) 50,200 (60%) 38,512 (61%)
Body mass index
(BMI) in kg/m?,
N (%)
<30 30275 (49%) 24,056 (46%) 18,031 (45%) 0.06 0.08 41,857 (50%) 25,061 (39%) 0.22
30-35 17,557 (28%) 14,884 (29%) 11,412 (28%) 0.00 0.00 21,400 (26%) 18,555 (29%) 0.08
>35 13757 (22%) 12,921 10,603 (26%) 0.06 0.09 16,944 (20%) 17,019 (27%) 0.15
(2%9%)

Unknown 234 (<1%) 347 (<1%) 257 (<1%)  0.04 0.04 3424 (4%) 2980 (5%)  0.03
Charlson
Comorbidity Index
(cqarn
Mean (SD) 097 (171) 084 (1.54) 082 (149)  0.08 0.09 0.89 (1.68) 079 (142)  0.06
With CCI > 0, 25,517 (41%) 20,383 (39%) 15,837 (39%) 0.05 0.04 32,007 (38%) 24,256 (38%) 0.00
N (%)

Standardized difference |d| is used here to assess balance, with |d|> 0.10 (in bold) suggesting imbalances in age and BMI between

treatment-based categories and imbalances in age and sex among pain categories

*Sex was not reported for 33 patients, so totals do not sum to 100%. SD standard deviation
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«Fig. 1 Utilization and cost outcomes, compared among
three pain categories (mild, moderate, and severe). Asterisks
indicate significant contrasts (at p < 0.0001) between the
indicated group compared to the mild pain category, and
error bars indicate 95% confidence intervals. a Frequency
(% of patients with any use) of all-cause utilization.
b Frequency of OA-related utilization. ¢ Units used
(PMPY rate), all-cause. d Units used (PMPY), OA-related.
e Mean costs, all-cause. f Mean costs, OA-related.
ED emergency  department  visits, OA osteoarthritis,
PMPY per member per year, US United States

diagnosis, the patient’s time period was divided
into mild and moderate-severe periods (i.e., the
patient was presumed to progress to moderate-
severe OA after the criterion was met). As
before, time-dependent covariates such as age
or BMI were updated at the start of each period.
Kaplan-Meier survival analysis was used to
examine and plot the percentage of patients
progressing to moderate-severe OA over time.

As a secondary analysis to empirically sup-
port the validity of the eight criteria, we com-
pared the prevalence of each criterion between
two subgroups of patients: (1) “incident TKR
patients,” with total knee replacement (TKR)
and at least 24 months of EHR records prior to
first OA diagnosis; and (2) “no THR” patients
who received no hip or knee replacement. Any
patients not meeting either definition were
excluded from this specific analysis. Each
patient was flagged as to whether they met each
of the eight criteria as of 180 days prior to TKR
(group 1) or last encounter in the EHR (group
2). We hypothesized that incident TKR patients
would be significantly more likely than the
comparison group to have experienced each
criterion if it were a marker for moderate-severe
OA. A logistic regression model was used to
estimate the relative risk ratios (RRR) and 95%
confidence intervals (CI) of those ratios between
the two groups.

Statistical Analysis

Descriptive statistics (means and percentages)
with standardized differences were used to
describe the baseline characteristics of our two
main populations (insured patients for the

treatment-based analysis, and insured patients
with pain episodes for the pain-based analysis),
as well as the original EHR-based cohort these
were drawn from. We compared age, sex, body
mass index (BMI), and Charlson Comorbidity
Index scores (CCI) between treatment-based
and pain episode groups. Once the start and end
dates of pain episodes and treatment severity
stages were established, we compared patients
in the different categories with respect to all-
cause outpatient visits (OP), emergency depart-
ment visits (ED), and inpatient days hospital-
ized (IP). For these utilization outcomes, we
analyzed both the frequency of use (percentage
of time periods in which any use occurred) and
the units used, expressed as rates per member
per year (PMPY). For costs, we tabulated the
total allowed amounts (i.e., amounts actually
paid to the provider, combining payor and
patient deductible, insurance and out-of-pocket
costs) in the following categories: total cost,
pharmacy cost, and medical cost, with medical
cost further subdivided into inpatient, outpa-
tient, and emergency department costs. All
amounts were normalized to 2018 U.S. dollars
based on the healthcare component of the
Consumer Price Index [40]. All of the above
outcomes were also re-analyzed within a subset
of only those claims that included OA-related
medications, procedure or diagnosis codes in
order to compare OA-related utilization, and
cost among categories. Because of concerns
about confounding due to age, sex, and BMI,
generalized linear regression models were used
to test for statistically significant differences
among treatment-based or pain episode cate-
gories, with additional terms to adjust for age
category (18-44, 45-64, 65-79, or 80+), sex
(male or female) and BMI (< or >30 kg/m?).
These models used a binomial distribution for
frequency of utilization, normal distribution for
rates of utilization, and log-link function and
gamma distribution for costs. Results were
expressed as estimates of the utilization and
cost for a reference group of females aged 45-64
with BMI > 30. All statistical analysis was per-
formed using SAS software (SAS 9.4, Cary, NC).
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Table 3 Frequency and units of utilization, and costs compared among the three pain episode types

Mild Moderate Severe p values
(n = 61,823) (» =52,208) (= = 40,303)

Moderate vs. mild Severe vs. mild

All-cause resource use

Frequency of use, N (%)

ED visits 27,388 (44.3%) 21,666 (41.5%) 25403 (50.5%) < 0.0001 <0.0001
Outpatient visits 58,608 (94.8%) 48,919 (93.7%) 47,687 (94.8%) < 0.0001 0.92
Inpatient admissions 14,776 (23.9%) 11329 (21.7%) 11,117 (22.1%) < 0.0001 < 0.0001
Units PMPY, mean (CI)
ED visits 147 (0.04) 138 (0.04) 2,03 (0.04) < 0.0001 < 0.0001
Outpatient visits 14.1 (0.15) 13.6 (0.15) 14.0 (0.16) < 0.0001 0.52
Inpatient days 47 (02) 3.8 (0.2) 3.3 (0.3) < 0.0001 < 0.0001
Costs PMPY, mean (CI) $
Toral 37,713 (537) 32739 (369) 31334 (477) < 0.0001 < 0.0001
Pharmacy 9114 (194) 9558 (203) 10,591 (239) < 0.0001 < 0.0001
Medical 28357 (458) 23,394 (384) 21264 (371) < 0.0001 < 0.0001
Inpatient 12,539 (457) 10431 (378) 10,077 (390) < 0.0001 < 0.0001
Outpatient 13379 (245) 9873 (183) 8441 (168) < 0.0001 < 0.0001
ED 2251 (64) 2014 (59) 2131 (65) < 0.0001 0.0004

OA-related resource use

Frequency of use, N (%)

ED visits 6677 (10.8%) 7670 (145%) 10,715 (21.3%) < 0.0001 < 0.0001
Outpatient visits 20216 (32.7%) 23,807 (45.6%) 25,705 (51.1%) < 0.0001 < 0.0001
Inpatient admissions 1731 (2.8%) 2976 (5.7%) 3219 (6.4%) < 0.0001 < 0.0001
Units PMPY, mean (CI)

ED visits 0.14 (0.01) 0.27 (0.01) 0.47 (0.01) < 0.0001 < 0.0001
Outpatient visits 1.01 (0.03) 1.61 (0.03) 1.83 (0.03) < 0.0001 < 0.0001
Inpatient days 0.18 (0.03) 0.40 (0.03) 0.42 (0.03) < 0.0001 < 0.0001
Costs PMPY, mean (CI) $

Total 2209 (50) 3629 (85) 4110 (103) < 0.0001 < 0.0001
Pharmacy 729 (18) 961 (24) 1228 (32) < 0.0001 < 0.0001
Medical 1505 (42) 2613 (74) 2742 (83) < 0.0001 < 0.0001
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Table 3 continued

Mild Moderate Severe p values

(n=61823)  (n=52208)  (n=40303)  Noderatevs. mild  Severe vs. mild
Inpatient 1048 (37) 2023 (72) 2144 (83) < 0.0001 < 0.0001
Outpatient 595 (17) 708 (21) 751 (23) < 0.0001 < 0.0001
ED 49 (2) 63 (2) 96 (3) < 0.0001 < 0.0001

Estimates and p values from generalized linear regression models are adjusted for age, sex, and BMI, and estimates reflect a
reference group of females with age 45-64 and BMI > 30. p values in bold reflect significant decreases in utilization or cost
between moderate vs. mild or severe vs. mild pain episodes, while p values in izalics reflect significant increases

BMI body mass index, ED emergency department, PMPY per member per year, OA4 osteoarthritis, CI half-width of the
95% confidence interval (4= 2 standard errors of the mean)

RESULTS

There were 290,897 patients identified in the
EHR with a diagnosis of OA during the study
period; 127,656 (44%) of these had at least
1 month of claims information available after
OA diagnosis and were included in the study. Of
the 127,656 patients, approximately 26% pro-
gressed from mild to moderate-severe OA dur-
ing the study and therefore contributed to both
categories, while 48% were only mild and 26%
were only observed after progressing to moder-
ate-severe disease. Of the patients eligible for
the study, 92,576 had at least one pain episode,
for a total of 306,200 pain episodes available for
analysis (43% mild, 32% moderate, and 25%
severe).

Baseline demographics of insured OA
patients included in this study were similar to
those of our health system’s OA population
overall. Table X3 in the Supplementary Material
provides more information about baseline
characteristics of the initially-identified EHR
population versus those who met inclusion
criteria for the current study. The initial OA
population had a mean age of 50, with 59%
females, 97% white/Caucasian and 97% non-
Hispanic (reflecting the geographic region),
54% obese (BMI > 30), and a mean CCI of 1.0.
Patients divided into treatment-based categories
and pain episodes did show some differences in
baseline characteristics, as shown in Table 2.
Patients with moderate-severe OA were older
than those with mild OA (mean age 57 vs.
49 years), less likely to have a BMI < 30 (39 vs.

50%), and more likely to have a BMI > 35 (27%
vs. 20%). Patients experiencing moderate and
severe pain episodes had a lower mean age than
those in mild pain episodes (54 vs. 54 vs.
57 years, respectively) and were more likely to
be female (63 vs. 65 vs. 59%, respectively).
Charlson Comorbidity Index was similar among
groups. The regression adjustment for age, sex,
and BMI was utilized when comparing utiliza-
tion and cost therefore to address these possible
sources of confounding.

Moderate and severe pain episodes were
associated with statistically significantly higher
frequencies and rates of every category of OA-
related utilization when compared with mild
pain episodes (OP visits: 1.01 vs. 1.61 vs. 1.83
PMPY for mild, moderate, and severe pain,
respectively; ED visits: 0.14 vs. 0.27 vs. 0.47
PMPY, respectively; IP days: 0.18 vs. 0.40 vs.
0.42; all pvalues < 0.0001). All-cause ED fre-
quency and visits PMPY also significantly
increased for severe pain vs. mild pain, but all
other categories of all-cause utilization
decreased or stayed the same with increasing
pain severity (OP visits: 14.1 vs. 13.6 vs. 14.0;
ED visits: 1.47 vs. 1.38 vs. 2.03; IP days: 4.7 vs.
3.8 vs. 3.3). Similarly, we observed significant
increases in every category of OA-related costs
during moderate and severe pain episodes when
compared to mild pain (for example, pharmacy:
$729 vs. $961 vs. $1228 PMPY for mild, mod-
erate, and severe, respectively; medical: $1505
vs. $2613 vs. $2742; all p values < 0.0001). In
contrast, pharmacy was the only type of all-
cause cost that was positively associated with
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«Fig. 2 Utilization and cost outcomes, compared among
the two treatment-based categories (mild OA vs. moderate-
severe OA). Asterisks indicate significant contrasts com-
pared to the mild OA category with p < 0.0001, and error
bars indicate 95% confidence intervals. a Frequency (% of
patients with any use) of all-cause utilization. b Frequency
of OA-related utilization. ¢ Units used (PMPY rate), all-
cause. d Units used (PMPY), OA-related. e Mean costs,
all-cause. f Mean costs, OA-related. ED emergency depart-
ment visits, OA osteoarthritis, PMPY per member per
year, US United States

increasing pain severity (pharmacy: $9114 vs.
$9558 vs. $10,591), while all other all-cause
costs decreased with increasing pain. These data
are presented in Fig. 1 and Table 3.

All OA-related utilization and costs were
significantly higher in both frequency and
PMPY rates for patients in the moderate-severe
OA category when compared to mild OA (OP
visits: 0.58 vs. 1.08 PMPY for mild vs. moderate-
severe OA, respectively; ED visits: 0.11 vs. 0.17;
IP days: 0.07 vs. 0.24; pharmacy cost: $543 vs.
$825; medical cost: $576 vs. $1,985; all p val-
ues < 0.0001). Patients in the moderate-severe
OA category also had statistically significantly
higher rates of all-cause ED visits and OP visits
than mild OA patients (ED visits: 0.77 vs. 0.86
for mild vs. moderate-severe; OP visits: 9.7 vs.
10.0) but a similar rate of all-cause IP days (2.3
vs. 2.2, p =0.53). Pharmacy and ED were the
only two costs that were significantly higher for
moderate-severe OA compared with mild OA
(pharmacy: $6127 vs. $7707; ED; $715 wvs.
$786), while all other all-cause cost categories
were significantly lower for moderate-severe OA
patients. All significant p values noted above
were < 0.0001. These data are presented in
Fig. 2 and Table 4.

Finally, the secondary analysis comparing
prevalence of the eight treatment-based severity
criteria between incident OA patients with TKR
and patients without joint replacement showed
that all criteria displayed statistically significant
risk ratios greater than 1.0. Because the former
patients were more likely to have met these
criteria before TKR surgery than other OA
patients were to have met them before the study
period ended, these data provide additional
empirical support for these treatment-based

criteria, which were largely based on guideline
and expert opinion. These comparisons and risk
ratios are shown in Table 5.

DISCUSSION

This study examined utilization and cost dif-
ferences among subgroups of OA patients, seg-
mented into groups using two different
approaches. One approach was based on
patients meeting one of eight treatment-based
criteria indicating transition from mild to
moderate-severe OA, and the other approach
was based on shorter periods of time (90 days or
more) triggered by a pain score in the mild,
moderate, or severe range. Analyses adjusting
for age, sex, and BMI differences showed
increases in utilization and costs in every OA-
related category with increasing severity, using
either a treatment-based or pain-based severity
definition. Some similar associations were
observed with all-cause resource utilization and
costs, but that evidence was much more mixed,
with many all-cause utilization and cost types
that decreased as pain or treatment severity
increased.

We saw increases in every subcategory of OA-
related utilization and costs for patients who
were defined as having more severe OA, whe-
ther that severity was defined by the treatment
intensity or pain severity. Given the importance
of pain as a symptom of OA, these associations
have strong face validity and are consistent with
what has been shown in other OA populations.
Wei et al. [21], which used claims from 35,861
commercial and Medicare Part D knee/hip OA
patients in the Optum database, reported sta-
tistically significant increases in OA-related
costs stratified by pain severity; however, they
also saw approximately 16-28% increases in
total costs within each of these pain categories
when comparing patients with versus without
routine opioid use. Our work expands on that
prior work by applying both pain severity and
additional treatment criteria (instead of opioid
use only), with very comparable results.

These increases in OA-related utilization and
cost did not always translate, however, to
increases in all-cause (i.e., including non-OA-
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Table 4 Frequency and units of utilization, and costs, compared among the two treatment-based severity levels

Mild Moderate-severe p value
(2 = 83,625) (n = 63,615)
All-cause resource use
Frequency of use, N (%)
ED visits 37,799 (45.2%) 38,360 (60.3%) < 0.0001
Outpatient visits 79,611 (95.2%) 61,897 (97.3%) < 0.0001
Inpatient admissions 22,328 (26.7%) 26,146 (41.1%) < 0.0001
Units PMPY, mean (CI)
ED visits 0.77 (0.006) 0.86 (0.03) < 0.0001
Outpatient visits 9.7 (0.11) 10.0 (0.11) < 0.0001
Inpatient days 2.3 (0.14) 2.2 (0.13) 0.53
Costs PMPY, mean (CI) $
Total 23,027 (330) 21,023 (290) < 0.0001
Pharmacy 6127 (131) 7707 (159) < 0.0001
Medical 16,816 (262) 13,424 (203) < 0.0001
Inpatient 5174 (167) 4763 (146) <0.0001
Outpatient 7793 (135) 5225 (88) <0.0001
ED 715 (18) 786 (19) < 0.0001
OA-related resource use
Frequency of use, N (%)
ED visits 12,962 (15.5%) 18,894 (29.7%) < 0.0001
Outpatient visits 33,952 (40.6%) 45,676 (71.8%) < 0.0001
Inpatient admissions 920 (1.1%) 10,306 (16.2%) < 0.0001
Units PMPY, mean (CI)
ED visits 0.11 (0.007) 0.17 (0.007) < 0.0001
Outpatient visits 0.58 (0.02) 1.08 (0.02) < 0.0001
Inpatient days 0.07 (0.02) 0.24 (0.02) < 0.0001
Costs PMPY, mean (CI) $
Total 1137 (23) 2801 (54) < 0.0001
Pharmacy 543 (13) 825 (19) < 0.0001
Medical 576 (13) 1985 (45) < 0.0001

A\ Adis



Rheumatol Ther (2022) 9:1061-1078 1073
Table 4 continued
Mild Moderate-severe p value
(n = 83,625) (n = 63,615)
Inpatient 182 (6) 1184 (36) < 0.0001
Outpatient 197 (5) 460 (11) < 0.0001
ED 21 (0.5) 30 (0.7) < 0.0001

Estimates and p values are adjusted for age, sex, and BMI, and estimates reflect a reference group of females with age 45-64

and BMI > 30. p values in bold reflect decreases in utilization or cost between moderate-severe vs. mild OA, and p values in

italics reflect increases in utilization or cost

BMT body mass index, ED emergency department, PMPY per member per year, OA osteoarthritis, CI half-width of the

95% confidence interval (2 standard errors of the mean)

related) utilization or costs, particularly when
classifying the population on the basis of pain
score. While treatment-based severity level
tracked very well with most types of all-cause
utilization, pharmacy and ED were the only
types of all-cause costs associated with treat-
ment severity level, and pharmacy was the only
type of cost that showed a relationship with
pain score severity. This lack of association
remains an unexpected finding, though we
suggest there are several possible explanations
that could be explored further. Predominantly,
it is reasonable to hypothesize that pain level
may still be getting confounded with treatment;
for example, lower pain scores could mean the
patient is being treated more aggressively to
control the pain and would therefore be incur-
ring higher costs despite a lower reported pain
score. Some types of utilization may taper off
once the patient has progressed to a worse level;
for example, if they have had a procedure or
surgery that has helped them, or if they expe-
rienced unwanted side effects or other barriers
to medication adherence, they may be spending
or utilizing less despite the fact that they are
turther along in the progression of OA overall.
We note also that in some prior studies, mean
differences in ED visits, outpatient visits, and
inpatient days between severe vs. mild pain that
were statistically significant were still relatively
small in clinical magnitude (e.g., only approxi-
mately 1.1, 1.9, and 0.8 per patient per year,
respectively) [21].

Prior studies have aimed to identify clinically
relevant phenotypes for OA [24], and Van Spil

et al. described a consensus-based framework for
conducting and reporting such studies [41].
There is still, however, no standard set of clas-
sification criteria, and this investigation pro-
vides further quantitative evidence supporting
criteria based on both pain and clinician-
ordered treatments. In the 2019 ACR guidelines
for OA of the hand, hip, and knee, no hierarchy
of recommended treatments is provided that
would indicate varying levels of severity, and
treatments may be used and reused at various
times during the course of disease. The ESCEO’s
2019 consensus statement [38] provides more of
a guidance on three steps of treatment that may
correspond more closely to the progression and
severity of the disease, but all steps are based on
medications only and no other domains, while
the Osteoarthritis Research Society Interna-
tional (OARSI) published its own 2019 treat-
ment  guidelines that included non-
pharmacological “core” interventions including
exercise and education [42]. Deveza et al.’s 2017
systematic review (and 2019 narrative review) of
knee OA phenotype studies noted that few
studies combined data from different domains,
despite the fact that evidence from different
authors showed “pain sensitization, psycholog-
ical distress, radiographic severity, BMI, muscle
strength, inflammation and comorbidities”
helped to differentiate OA patients [25, 43]. We
did not directly compare our patients’ classifi-
cations to ESCEO or OARSI classifications or
previous authors’ knee OA phenotypes, so we
cannot assert advantages of our criteria over
theirs, but we suggest our work provides further
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Table 5 Numbers and percentages of patients in two subgroups (incident OA + TKR, or no THR or TKR) meeting cach
of the eight criteria used in this study to define moderate-severe OA, measured as of 180 days before their TKR or last

encounter

Patients meeting criteria, Incident OA patients

Patients with no THR

Relative risk ratio

N (%) with TKR or TKR (95% CI)
(m = 4256) (n = 274,489) (incident OA with TKR vs. No
TKR/THR)
Procedures 2121 (50%) 59,574 (22%) 2.30 (2.23, 2.37)
Anxiety/depression 929 (22%) 36,500 (13%) 1.64 (1.55, 1.73)
Opioid 1643 (39%) 46,676 (17%) 227 (2.18, 2.36)
NSAID 1286 (30%) 31,227 (11%) 2.66 (2.53, 2.79)
HA or IA corticosteroids 1090 (26%) 11,000 (4%) 6.39 (6.06, 6.72)
Mobility aid 81 (2%) 3208 (1%) 1.63 (1.26, 1.99)
Physical/occupational 288 (7%) 10,469 (4%) 1.77 (1.57, 1.97)
therapy
X-rays 2853 (67%) 58,275 (21%) 3.16 (3.09, 3.22)

Relative risk ratios were all positive and 95% confidence intervals did not overlap 1.0, indicating that incident OA patients
with TKR were significantly more likely than other group to have met all criteria, at the p < 0.05 significance level
OA osteoarthritis, TKR total knee replacement, THR total hip replacement, 7JR total joint replacement, NSAID nons-

teroidal anti-inflammatory drug, H4  hyaluronic acid, 4

support for the inclusion of non-pharmacologic
signals such as concomitant diagnoses and
procedures when phenotyping OA patients
based on OA disease severity.

The strength of this study was the novelty of
being able to examine a large population over a
long timeframe with a combination of both
EHR and insurance claims, as opposed to claims
only, which previous large studies have often
been based on [21]. We recognize several limi-
tations, however, related to both the pain and
treatment-based analyses. We were not able to
directly attribute pain severity scores with the
patient’s OA, since the patient could be experi-
encing pain from other causes. We considered a
sensitivity analysis to address this, excluding
patients who were diagnosed with other major
painful conditions such as cancer and chronic
migraine, but those conditions affected fewer
than 5% of patients in the cohort and thus
would likely not have impacted our results; we
nevertheless acknowledge this limitation that
patients could have experienced non-OA pain.
Next, our study was conducted in a largely

intra-articular

Caucasian, non-Hispanic population, and we
did not limit our study to hip or knee OA only,
so these factors should be considered when
directly comparing results with other studies. As
this was an observational study, pain scores
were not collected at regular intervals in usual
practice and so patients vary widely in their
number and frequency of scores. We recognize
that a functional measure such as the Knee
Injury and Osteoarthritis Outcome Score
(KOOS) would have been a better outcome than
pain NRS, but the study included all types of OA
and NRS was the most frequently available
outcome in the EHR. Pain is also generally rec-
ognized to be a subjective, not objective, mea-
sure that could be influenced by other
unmeasured factors, and there is uncertainty
about the relative timing between when the
score was collected and when treatment was
administered (e.g., does the pain score reflect a
patient’s pain before or after a new treatment
was given). Nonetheless, we believe this study’s
results support considering pain when defining
OA severity. On the treatment side, we believe
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this investigation provides even stronger evi-
dence for segmenting patients based on treat-
ments received, with a few caveats. We
recognize that caution is needed to avoid cir-
cular arguments in which receipt of a treatment
(e.g., pain medication) is used as both a classi-
tying variable and an outcome. Our treatment-
based approach, however, assigned patients to
the moderate-severe OA category if they
received any one of eight types of treatment,
none of which would be expected to individu-
ally account for the magnitude of differences in
utilization or cost seen here. In our results,
meeting any one of those criteria was associated
with patients significantly more likely to see
their OA-related utilization and cost increase in
the subsequent period, across all categories,
which supports the idea that these individual
categories are useful markers to predict future
health and economic burden.

CONCLUSIONS

In conclusion, by understanding at what point
osteoarthritis patients become greater con-
sumers of healthcare resources, we can deploy
targeted preventative strategies aimed at halting
progression into the next more costly phase of
disease. Previous studies have measured the
extent of this burden, particularly with respect
to differences between patients with OA and
patients without it [1, 44], but this is the first
study to our knowledge that utilizes patterns of
care found in both claims and the EHR to ana-
lyze direct financial costs of OA patients in
subcategories of disease severity based on both
pain and treatment progression, and our results
provide promising evidence of better criteria
and approaches for predicting disease burden
and costs in the future.
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