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Introduction
Chronic pain is one of the common symptoms of many 
chronic conditions and as high as 40% of adults in the United 
States (US) experience chronic pain.1,2 Studies have consist-
ently linked chronic pain with disabilities, mental health 
problems, prescription drug dependencies, higher expendi-
tures, and poor quality of life.3-6 Based on the latest data 
available, between 2008 and 2011, the estimated annual cost 
of pain in the US was $560 to $635 billion per year,7,8 indi-
cating a significant use of healthcare resources for pain man-
agement. It has also been established that individuals with 
severe or moderate pain incur higher average healthcare 
expenditures than those without pain.8 Among adults with 

chronic pain, 31.4% reported having arthritis.9 A systematic 
review found that 15% to 75% of patients with knee pain had 
radiographic osteoarthritis.10 According to the Centers for 
Disease Control and Prevention, approximately 32.5 million 
adults in the US have osteoarthritis.11 Osteoarthritis a com-
mon form of arthritis, is a progressive degenerative disease, 
causes wear and tear of the cartilage, bone, and connective 
tissues, which can worsen over time. For example, most 
patients with unilateral knee osteoarthritis develop radio-
graphic bilateral osteoarthritis over time.12 The defining 
symptoms of osteoarthritis are stiffness, swelling, and chronic 
pain; a more frequent and intense pain signals a more severe 
radiographic osteoarthritis.13,14
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Although pain is a hallmark symptom of osteoarthritis, pain 
interference and its sensation can vary widely among adults with 
osteoarthritis.15 Not all adults with osteoarthritis experience 
chronic pain that interferes with daily activities because the site, 
symmetry, and the total number of afflicted joints can affect the 
intensity and chronicity of pain.12,16,17 For example, a cross-sec-
tional study reported that only 47.6% of adults with osteoarthri-
tis reported pain interference with normal activity.18 However, 
pain experienced by adults with osteoarthritis can add to the 
disease burden including healthcare expenditures. It has been 
reported that healthcare expenditures were higher in adults with 
osteoarthritis and severe pain compared to those with moderate 
or no pain.19,20 The presence of comorbidities may affect pain 
severity and contribute to the disease burden including higher 
healthcare expenditures among adults with osteoarthritis.5,21 
Thus, it is important to understand the factors that drive excess 
expenditures associated with pain among adults with osteoar-
thritis. Therefore, the objective of this study was to estimate the 
excess health care expenditures associated with pain among 
adults with osteoarthritis and examine the extent to which pre-
disposing characteristics, enabling resources, need variables, per-
sonal health care practices, and external environment explain the 
excess expenditures associated with pain among adults with 
osteoarthritis. We hypothesized that adults with osteoarthritis 
and pain will have higher healthcare expenditures than adults 
with osteoarthritis and no pain and the main drivers of the excess 
expenditures will be the presence of comorbidities and 
polypharmacy.

Methods
We adopted a cross-sectional study design using data from the 
nationally representative survey of US households, the Medical 
Expenditure Panel Survey (MEPS) for the year 2018. The tar-
get population for the MEPS is all persons in non-institution-
alized civilian households in the US. Institutionalized 
populations such as those in prisons, nursing homes, or in the 
military at any time during the year are excluded. MEPS adopts 
a complex survey design to select the households for the sur-
vey.22 This complex design involves stratification, clustering, 
multiple stages of selection, and disproportionate sampling of 
households.22-24 MEPS uses the computer-assisted personal 
interview (CAPI) questionnaire for collecting data on health 
conditions, lifestyle factors, cost of healthcare utilization, pre-
scription medications use, and other factors. Because the 
MEPS household component is a self-reported survey, the sur-
vey sponsoring agency, the Agency for Healthcare Research 
and Quality (AHRQ) validates it by using various quality 
assurance procedures. MEPS is considered one of the most 
comprehensive sources of cost data for health care utilization 
and health insurance coverage.24,25

In this study, we included adults 18 years or older who were 
alive during the calendar year, had osteoarthritis, and who did not 
have missing information on pain status, and had positive total 

healthcare expenditures. Osteoarthritis was identified from the 
household component and medical conditions files. Arthritis is 
considered one of the priority conditions in MEPS. Therefore, 
during the survey MEPS investigators ask all household members 
aged over 17 years whether they have ever been diagnosed with 
arthritis, and the type of arthritis they were diagnosed with. If the 
respondent reports the diagnosis of osteoarthritis, then the inves-
tigators record osteoarthritis diagnosis for the respondent in the 
medical conditions file. Osteoarthritis was identified using ICD-
10-CM codes from the medical condition file. Although the site 
of osteoarthritis is an important consideration, MEPS did not 
have information on the sites of osteoarthritis or disease severity. 
We could not distinguish between generalized osteoarthritis and 
site-specific osteoarthritis.

Pain Interference with Normal Activity
MEPS collects information on pain and other health conditions 
by administrating a mail survey.26 By using the MOS Short 
Form (SF)-12 participants were asked “During past 4 weeks, 
pain interfered with normal work outside the home and house-
work.” A 5-item Likert scale was used to record the responses. 
The options in the response scale include (1) “Not at all”; (2) “A 
little bit”; (3) “Moderately”; (4) “Quite a bit”; and (5) “Extremely.” 
In this study, we divided the responses into the presence of pain 
and no pain by combining the responses as follows: (1) No pain 
(not at all or a little bit) and (2) pain (moderately, quite a bit, and 
extremely). Combining pain by using one-item MOS SF-12 is a 
common practice among researchers.8,27

Total Healthcare Expenditures
MEPS provides data on total healthcare expenditures by using 
sources of payment and types of services information. Type of 
services includes inpatient, outpatient, emergency room, pre-
scription drugs, dental care, vision care, durable medical equip-
ment, and others. MEPS collects information on 14 sources of 
payment.28 We transformed total expenditures into a natural 
logarithm scale to facilitate Oaxaca decomposition,29-31 which 
is explained in the analysis section.

Other Explanatory Variables
We used the Andersen’s healthcare utilization model as the 
conceptual framework to identify factors that contributed to 
the excess health care expenditures associated with pain in 
adults with osteoarthritis.32 According to the Andersen’s 
model, predisposing factors, enabling factors, need factors, 
lifestyle factors, and external factors can influence an indi-
vidual’s healthcare utilization. Predisposing factors included 
sex (female/male), age category (18-44, 45-54, 55-64, and 
65 years and older), and race (Non-Hispanic White, African 
American, Hispanic, and other). Enabling factors included 
marital status (married, divorced/separated, widowed, single); 
education level (less than high school, high school, greater 
than high school); income as measured by the percentage of 
the federal poverty line (FPL) (poor (<100% FPL), near 
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poor/low income (>100-<200% FPL), middle income 
(>200-<400% FPL), and high income (>400% FPL)); 
insurance coverage (public, private, uninsured); and prescrip-
tion coverage (yes/ no).

Need factors included perceived physical and mental health, 
comorbidities, polypharmacy, and pain medications (Non-
Steroidal Anti-inflammatory Drugs (NSAIDs) and Opioids). 
Comorbidities were selected based on published literature33-35 
and included cancer, non-cancer pain conditions, and nervous 
system pain and pain syndromes. The non-cancer pain condi-
tions consisted of arthritis (except osteoarthritis), low back pain, 
osteoporosis, musculoskeletal pain (not low back pain), head-
ache- including migraine, fractures, sprains, other specified 
bone diseases, and musculoskeletal deformities. Nervous system 
pain and pain syndromes included asthma, chronic obstructive 
pulmonary disease, diabetes, depression, and heart conditions). 
Polypharmacy (yes/no) was defined as the use of 6 or more 
drugs in an individual, excluding NSAIDs and opioids. As life-
style factors, current smoking status (smoker/non-smoker), 
exercise (yes/no); and body mass index (BMI, calculated as 
weight in kg/height in m2), categorized as underweight/normal 
(<25), overweight (25-29.9), and obese (⩾30) were included. 
Finally, external factors included the region of residence 
(Northeast, Midwest, South, and West).

Statistical Analyses
All analyses accounted for the complex sampling design of the 
MEPS and used survey procedures with cluster, strata, and 
appropriate weights—sample adult questionnaire weights. We 
determined statistically significant subgroup differences in cat-
egorical variables by pain interference using Rao-Scott chi-
square tests (Table 1). We used t-tests to identify statistically 
significant unadjusted group differences in average total 
healthcare expenditures among adults with or without pain 
(Table 2) within subgroup categories and across pain status. 
We calculated the average mean difference in total healthcare 
expenditures by subtracting the average healthcare expendi-
tures of adults without pain from the average healthcare expen-
ditures of adults with pain. We used multivariable ordinary 
least squares regression to estimate the association of pain with 
total healthcare expenditures.

Decomposition technique

To estimate the extent to which differences in predisposing, ena-
bling, need, lifestyle, and external characteristics of individuals 
among the adults with and without pain contribute to the excess 
expenditures of pain, we used the post-linear decomposition 
method proposed by Blinder Oaxaca.36,37 This approach divides 
the differences in average health care expenditures between pain 
and no pain into 2 parts: an explained and unexplained por-
tion.37 The difference in average expenditures due to the differ-
ences in observed characteristics between osteoarthritis with 
pain and osteoarthritis without pain groups is represented by the 

explained portion which is also known as the “characteristics 
effect.”37,38 The explained portion is calculated by computing 
differences in characteristics between the 2 groups (pain vs no 
pain) and weighting by regression coefficient estimates from the 
pooled regression.39 The unexplained portion represented differ-
ences in average expenditures that emerge either because of dif-
ferences in unobserved or unmeasured characteristics between 
osteoarthritis with pain and osteoarthritis without pain or differ-
ences in the regression coefficient estimated between the 2 
groups. The unexplained portion is also known as the “coeffi-
cient effect.”38,39 The characteristics effect can be calculated 
either using regression coefficients from pooled regression 
(pooled regression weights) or coefficient from stratified regres-
sions of pain (pain regression weights) and no pain (no pain 
regression weights). In linear decomposition analysis, we used 
pooled, pain group, and no pain group weights to calculate the 
explained portion. Consistent with published literature, the 
excess healthcare expenditures were defined as the additional 
healthcare expenditures that adults with osteoarthritis and pain 
incur compared to adults with osteoarthritis and no pain.40-42 
We performed analyses using SAS survey procedures (SAS v 9.4 
(SAS Institute, INC)) and Stata 15 (StataCorp LLC, College 
Station, TX) for decomposition analyses.

Results
The number of adults in our study represented an estimated 
32.03 million adults with osteoarthritis in the US in 2018. A 
majority of the sample were female (64.8%), adults aged 65 years 
or older (57.6%), White (77.2%), and married (53.6%). The 
prevalence of pain interference in adults with osteoarthritis was 
41.7%. The comparison of characteristics among the 2 groups 
of adults with osteoarthritis—with pain and without pain, 
revealed statistically significant differences in enabling factors, 
need factors, and lifestyle factors (Table 1). Adults with osteoar-
thritis and pain had higher rates of less than high school educa-
tion (15.1% vs 7.2%), low income (17.2% vs 6.1%), poor physical 
health (42.8% vs 12.0%), and lower rates of physical activity 
(32.0% vs 51.6%), higher rates of polypharmacy (49.7% vs 
25.9%), higher rates of NSAID (35.5% vs 27.7%), and opioid 
use (47.0% vs 19.3%) (Table 1).

Table 2 presents the average healthcare expenditures and stand-
ard errors (SE) among adults with pain and without pain using 
independent sample t-test. Among adults with osteoarthritis, those 
with pain had higher average total healthcare expenditures 
(Mean = $21,814, SE = 1232.3) compared to those without pain 
(Mean = $10,827, SE = 510.3). The difference was statistically sig-
nificant (Mean difference = $10,987, t-value = 67.3, P < .001). This 
translated into a difference of $10 987 in the mean annual health-
care expenditures, indicating 101.5% higher mean total healthcare 
expenditures among adults with osteoarthritis and pain.

We tested the differences in average healthcare expendi-
tures by pain status for each level of the subgroups with 
t-tests. For example, we tested the differences in mean 
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Table 1. Description of sample characteristics by pain among adults (⩾ 18 years) with osteoarthritis, Medical Expenditure Panel Survey, 2018.

TOTAl N WT % PAIN NO PAIN CHI-
SqUARE

SIg

 N WT % N WT %

All 2804 100 1242 1562  

Sex 1.249 0.264

 Female 1850 64.8 832 66.0 1018 63.9  

 Male 954 35.2 410 34.0 544 36.1  

Age in years 5.156 0.161

 18-44 184 7.5 79 6.8 105 8.1  

 44-54 304 11.5 153 12.7 151 10.7  

 55-64 598 23.3 256 21.6 342 24.6  

 ⩾65 1562 57.6 690 58.9 872 56.7  

Race and ethnicity 1.835 0.607

 White 2015 77.2 866 76.6 1149 77.6  

 African American 384 10.3 184 11.0 200 9.8  

 latino 273 7.3 134 7.6 139 7.0  

 Other-race 132 5.2 58 4.7 74 5.6  

Marital status 28.873 <0.001

 Married 1409 53.6 553 47.7 856 57.8  

 Widowed 474 16.1 238 19.3 236 13.7  

 Separated/divorced 622 20.9 298 22.3 324 19.9  

 Never married 299 9.5 153 10.7 146 8.6  

Poverty status 122.14 <0.001

 Poor 425 10.7 282 17.2 143 6.1  

 Near poor 507 16.8 276 21.6 231 13.4  

 Middle income 792 27.7 333 27.7 459 27.7  

 High income 1080 44.8 351 33.6 729 52.8  

Education 49.547 <0.001

 less than high school 383 10.4 228 15.1 155 7.2  

 High school 852 27.3 406 30.4 446 25.4  

 Above high school 1554 61.8 601 54.5 953 67.5  

BMI 25.167 <0.001

 Under/normal weight 635 25.0 230 20.6 405 28.1  

 Over weight 847 33.0 345 30.9 502 34.4  

 Obese 1173 42.1 604 48.5 569 37.4  

Smoking status 31.28 <0.001

 Current smoker 323 10.8 190 14.9 133 7.9  

 Other 2480 89.1 1051 85.1 1429 92.1  

 (Continued)
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TOTAl N WT % PAIN NO PAIN CHI-
SqUARE

SIg

 N WT % N WT %

Physical activity 95.315 <0.001

 5 times/week 1192 43.4 406 32.0 786 51.6  

 No physical activity 1610 56.5 835 68.0 775 48.4  

Polypharmacy 113.71 <0.001

 Polypharmacy gE 6 1035 35.8 625 49.7 410 25.9  

 No polypharmacy lT 6 1769 64.2 617 50.3 1152 74.1  

Insurance coverage 112.802 <0.001

 Public 1575 61.4 539 48.5 1036 70.6  

 Private 1229 38.6 703 51.5 526 29.4  

Prescription drug 
coverage

83.785 <0.001

 Yes 1211 48.3 402 37.0 809 56.5  

 No 1593 51.7 840 63.0 753 43.5  

NSAIDs 16.114 <0.001

 NSAID 886 30.9 442 35.5 444 27.7  

 No NSAID 1918 69.1 800 64.5 1118 72.3  

Opioids 168.828 <0.001

 Opioid 861 30.9 568 47.0 293 19.3  

 No opioid 1943 69.1 674 53.0 1269 80.7  

Comorbidities 90.157 <0.001

 Yes 2376 84.4 1158 93.4 1218 77.9  

 No 428 15.6 84 6.6 344 22.1  

Physical health 362.524 <0.001

 Excellent/very good 1082 42.2 231 20.8 851 57.5  

 good 956 33.0 456 36.4 500 30.5  

 Fair/poor 766 24.9 555 42.8 211 12.0  

Mental health 192.613 <0.001

 Excellent/very good 1490 56.9 494 42.6 996 67.2  

 good 887 29.6 444 34.9 443 25.8  

 Fair/poor 427 13.4 304 22.5 123 7.0  

Region 6.14 0.105

 Northeast 508 19.6 196 17.5 312 21.1  

 Mid-west 651 23.5 286 22.7 365 24.0  

 South 1062 37.1 503 39.9 559 35.0  

 West 583 19.9 257 20.0 326 19.8  

Abbreviations: BMI, body mass index; gE, greater than or equal; lT, less than; NSAIDs, non-steroidal anti-inflammatory drugs; Pain, pain interference in activity; Wt%, 
weighted.
Based on 2804 adults aged 18 years and older, alive during the calendar year and have osteoarthritis, MEPS 2018. Statistically significant subgroup differences in 
categorical variables by pain are based on Rao-Scott chi-square tests.

Table 1. (Continued)
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Table 2. Means and standard errors (SE) of annual health care expenditures ($) by pain among adults with osteoarthritis, Medical Expenditure 
Panel Survey, 2018.

PAIN NO PAIN P-VAlUE MEAN 
DIFFERENCE 
($) MEAN 

ExPENDITURES 
($)

SE 95% CI MEAN 
ExPENDITURES 
($)

SE 95% CI

All 21 814 1232.30 (19 378, 
24 250)

$10,827 510.38 (9818, 
11 836)

<.001 10 987

Sex

 Female 23 456 1751.37 (19 994, 
26 918)

$10,255 1830.27 (9209, 
11 301)

<.001 13 201

 Male 18 622 1303.46 (16 045, 
21 198)

$11,838 1727.07 (9572, 
14 104)

<.001 6784

Age in years

 18-44 23 966 4137.69 (15 787, 
32 144)

$10,230 4831.00 (5842, 
14 617)

.005 13 736

 44-54 17 993 2095.42 (13 851, 
22 135)

$8,208 2562.45 (5724, 
10 693)

<.001 9785

 55-64 22 101 2063.32 (18 023, 
26 180)

$11,787 2229.84 (10 040, 
13 534)

<.001 10 315

 ⩾65 20 985 1021.99 (18 965, 
23 005)

$10,692 1135.26 (9616, 
11 768)

<.001 10 293

Race and ethnicity

 White 22 908 1485.4 (19 972, 
25 844)

$11,259 1586.09 (10 011, 
12 506)

<.001 11 649

  African 
American

15 344 1408.17 (12 561, 
18 128)

$11,216 1678.83 (8441, 
13 990)

.015 4129

 latino 22 210 3476.91 (15 337, 
29 083)

$8,330 3719.23 (6302, 
10 357)

<.001 13 880

 Other-race 18 513 4044.34 (10 519, 
26 508)

$7,287 4228.35 (4895, 
9678)

.009 11 227

Marital status

 Married 22 223 2125.49 (18 021, 
26 424)

$11,175 2306.50 (9665, 
12 685)

<.001 11 048

 Widowed 20 444 1811.00 (16 865, 
24 024)

$10,761 2061.66 (8866, 
12 657)

<.001 9683

  Separated/
divorced

22 018 2029.06 (18 007, 
26 028)

$9,930 2155.96 (8445, 
11 415)

<.001 12 087

 Never married 22 040 3129.44 (15 854, 
28 226)

$10,668 3611.28 (7991, 
13 345)

.002 11 371

Poverty status

 Poor 24 276 2372.78 (19 586, 
28 966)

$13,033 2919.67 (9908, 
16 159)

<.001 11 242

 Near poor 18 504 1620.87 (15 300, 
21 708)

$9,719 1996.38 (7724, 
11 715)

<.001 8784

  Middle income 24 726 3536.62 (17 735, 
31 717)

$9,328 3640.53 (8073, 
10 583)

<.001 15 397

 High income 20 280 1539.77 (17 236, 
23 324)

$11,638 1787.90 (10 011, 
13 266)

<.001 8642

 (Continued)
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PAIN NO PAIN P-VAlUE MEAN 
DIFFERENCE 
($) MEAN 

ExPENDITURES 
($)

SE 95% CI MEAN 
ExPENDITURES 
($)

SE 95% CI

Education

  less than high 
school

21 296 2389.97 (16 571, 
26 020)

10 368 2679.19 (7842, 
12 893)

<.001 10 928

 High school 18 675 1347.27 (16 011, 
21 338)

9937 1485.02 (8517, 
11 356)

<.001 8738

   Above high 
school

23 936 1979.17 (20 023, 
27 848)

11 238 2127.24 (9852, 
12 624)

<.001 12 698

BMI

  Under/normal 
weight

23 641 4888.19 (13 979, 
33 304)

11 099 5017.96 (8533, 
13 666)

.014 12 542

 Overweight 18 038 1629.56 (14 817, 
21 259)

10 397 1787.35 (8852, 
11 941)

<.001 7641

 Obese 23 030 1246.26 (20 567, 
25 494)

11 443 1460.13 (10 101, 
12 785)

<.001 11 587

Smoking status

  Current smoker 18 577 1875.92 (14 869, 
22 285)

7510 1912.47 (5651, 
9369)

<.001 11 068

 Other 22 321 1399.36 (19 554, 
25 087)

11 111 1499.90 (10 031, 
12 191)

<.001 11 210

Physical activity

 5 times/week 20 240 1609.13 (17 059, 
23 421)

9909 1686.63 (87,95, 
11 023)

<.001 10 331

  No physical 
activity

22 478 1673.61 (19 170, 
25 786)

11 798 1904.41 (10 173, 
13 423)

<.001 10 680

Polypharmacy

 Yes 29 327 2148.84 (25 079, 
33 574)

17 052 2624.87 (14 563, 
19 542)

<.001 12 274

 No 14 396 1054.00 (12 313, 
16 479)

8651 1159.03 (7731, 
9571)

<.001 5745

Insurance coverage

 Public 24 347 2166.56 (20 065, 
28 630)

11 246 2257.77 (9902, 
12 590)

<.001 13 101

 Private 19 427 1061.30 (17 329, 
21 525)

9820 1217.84 (8721, 
10 920)

<.001 9607

Prescription drug coverage

 Yes 26 483 2805.02 (20 938, 
32 028)

11 481 2911.27 (9930, 
13 031)

<.001 15 002

 No 19 077 956.86 (17 186, 
20 969)

9979 1159.00 (8970, 
10 988)

<.001 9098

NSAIDs

 NSAID 21 362 1397.32 (18 600, 
24 124)

12 246 1589.51 (10 343, 
14 150)

<.001 9116

 No NSAID 22 062 1719.00 (18 665, 
25 460)

10 283 1825.37 (9092, 
11 474)

<.001 11 779

Table 2. (Continued)

 (Continued)
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healthcare expenditures by pain status among men and 
women separately. Statistically significant differences in 
average healthcare expenditures between pain and no pain 
groups were obtained for each of the sample characteristics 
among adults with osteoarthritis where the average health-
care expenditures were significantly higher for adults with 
pain. The mean difference in annual average healthcare 
expenditures ranged from as high as $13 880 (Latino) to as 
low as $4128 (African Americans).

PAIN NO PAIN P-VAlUE MEAN 
DIFFERENCE 
($) MEAN 

ExPENDITURES 
($)

SE 95% CI MEAN 
ExPENDITURES 
($)

SE 95% CI

Opioids

 Opioid 28 284 2340.51 (23 657, 
32 910)

19 248 2938.42 (15 702, 
22 794)

.003 9036

 No opioid 16 081 924.92 (14 253, 
17 910)

8808 1026.82 (8058, 
9558)

<.001 7274

Comorbidities

 Yes 22 756 1295.70 (20 195, 
25 317)

12 260 1461.13 (11 031, 
13 489)

<.001 10 496

 No 8433 893.59 (6666, 
10 199)

5776 1184.40 (4280, 
7273)

.027 2656

Physical health

  Excellent/very 
good

14 468 1555.51 (11 393, 
17 543)

8859 1569.75 (7797, 
9921)

<.001 5609

 good 18 276 1362.56 (15 582, 
20 969)

11 727 1592.44 (9955, 
13 499)

<.001 6549

 Fair/poor 28 389 2517.93 (23 412, 
33 366)

17 969 3664.15 (12 934, 
23 003)

.005 10 420

Mental health

  Excellent/very 
good

21 982 2497.77 (17 045, 
26 919)

10 719 2558.54 (9397, 
12 041)

<.001 11 263

 good 19 764 1172.01 (17 447, 
22 080)

9965 1315.90 (8737, 
11 192)

<.001 9799

 Fair/poor 24 679 2166.10 (20 397, 
28 960)

15 072 2955.39 (11 554, 
18 591)

.001 9606

Region

 Northeast 25 744 2696.42 (20 414, 
31 074)

10 705 2844.03 (9438, 
11 972)

<.001 15 039

 Midwest 24 935 4371.48 (16 294, 
33 576)

12 572 4653.86 (9680, 
15 465)

.009 12 362

 South 19 265 1265.44 (16 764, 
21 767)

10 575 1448.94 (8767, 
12 383)

<.001 8691

 West 19 924 1485.41 (16 987, 
22 860)

9283 1557.05 (7951, 
10 614)

<.001 10 641

Abbreviations: BMI, body mass index; 95% CI, 95% confidence interval; gE, greater than or equal; lT, less than; NSAIDs, non-steroidal anti-inflammatory drugs; Pain, 
pain interference in activity; SE, standard error; Wt%, weighted.
Based on 2804 adults aged 18 years and older, alive during the calendar year and have osteoarthritis, MEPS 2018. Significant differences in average total expenditures 
by pain status for characteristic of the subgroups were tested with t-statistics. P-values are based on t-tests.

Table 2. (Continued)

Multivariable OLS regression among adults with 
osteoarthritis

The findings from multivariate OLS regression on log-trans-
formed total healthcare expenditures among the adults with 
osteoarthritis are summarized in Table 3. The percentage 
change in expenditures associated with pain can be obtained by 
exponentiating the regression coefficient of the pain variable 
and subtracting one (eβ – 1). As it can be seen, adults with 
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Table 3. Parameter estimates and standard errors of explanatory variables multivariable ordinary least squares regression of pooled model on log-
transformed total healthcare expenditures, Medical Expenditures Panel Survey, 2018.

BETA. SE 95% CI P-VAlUE

Intercept 7.821 0.161 (7.502, 8.141) <.001

Pain

 Pain 0.290 0.061 (0.169, 0.410) <.001

 No pain (ref)  

Sex

 Female 0.130 0.056 (0.02, 0.240) .021

 Male (ref)  

Age in years

 44-54 −0.079 0.136 (−0.347, 0.189) .560

 55-64 0.180 0.132 (−0.081, 0.442) .175

 ⩾65 0.298 0.129 (0.0423, 0.553) .023

 18-44 (ref)  

Race and ethnicity

 African American −0.124 0.089 (−0.300, 0.052) .165

 latino −0.149 0.108 (−0.363, 0.064) .169

 Other-race −0.374 0.110 (−0.59, −0.157) .001

 White (ref)  

Marital Status

 Widowed −0.033 0.072 (−0.176, 0.110) .651

 Separated/divorced −0.062 0.077 (−0.214, 0.089) .419

 Never married 0.002 0.098 (−0.192, 0.197) .981

 Married (ref)  

Poverty status

 Poor −0.129 0.103 (−0.333, 0.075) .212

 Near poor −0.199 0.092 (−0.381, −0.017) .032

 Middle income −0.197 0.061 (−0.318, −0.076) .002

 High income (ref)  

Education

 less than high school −0.146 0.089 (−0.322, 0.030) .104

 High school −0.218 0.063 (−0.342, −0.093) .001

 Above high school (ref)  

BMI

 Overweight 0.004 0.069 (−0.133, 0.140) .959

 Obese 0.032 0.067 (−0.101, 0.165) .632

 Normal/underweight (ref)  

Smoking status

 Current smoker −0.256 0.105 (−0.464, −0.047) .017

 Other (ref)  

 (Continued)
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BETA. SE 95% CI P-VAlUE

Physical activity

 No physical activity −0.029 0.053 (−0.134, 0.076) .590

 5 times/week (ref)  

Polypharmacy

 Polypharmacy ⩾ 6 0.672 0.048 (0.577, 0.766) <.001

 No polypharmacy < 6 (ref)  

Insurance coverage

 Private −0.102 0.076 (−0.252, 0.048) .180

 Public (ref)  

Prescription drug coverage

 No 0.061 0.073 (−0.082, 0.205) .400

 Yes (ref)  

NSAIDs

 NSAID 0.168 0.055 (0.0595, 0.276) .003

 No NSAID (ref)  

Opioids

 Opioid 0.575 0.058 (0.462, 0.689) <.001

 No opioid (ref)  

Comorbidities

 Yes 0.574 0.079 (0.418, 0.730) <.001

 No (ref)  

Physical health

 good 0.283 0.074 (0.137, 0.428) <.001

 Fair/poor 0.555 0.084 (0.388, 0.721) <.001

 Excellent/very good (ref)  

Mental health  

 good −0.109 0.060 (−0.227, 0.010) .071

 Fair/poor 0.103 0.087 (−0.069, 0.275) .238

 Excellent/very good (ref)  

Region

 Mid-west −0.254 0.080 (−0.411, −0.096) .002

 South −0.364 0.075 (−0.513, −0.215) <.001

 West −0.316 0.079 (−0.472, −0.161) <.001

 Northeast (ref)  

Abbreviations: BMI, body mass index; 95% CI, 95% confidence interval; NSAIDs: non-steroidal anti-inflammatory drugs; Ref = reference group. SE = standard error; Wt%: 
weighted percentage.
Based on 2804 adults aged 18 years and older, alive during the calendar year and have osteoarthritis, MEPS 2018.

Table 3. (Continued)
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Table 4. Decomposition of log-transformed total healthcare differences by pain status among adults with osteoarthritis Medical Expenditure Panel 
Survey (MEPS), 2018.

Average log-transformed total healthcare expenditures for adults with pain (pooled) 9.318 (95% CI = 9.23, 9.40)

Average log-transformed total Healthcare expenditures without pain (pooled) 8.53 (95% CI = 8.46, 8.61)

Difference (pooled) 0.78 (95% CI = 0.66, 0.89)

Explained differences in average log-transformed total healthcare expenditures

 Pooled weights Pain weights No pain weights

Variables Explained-unit 
and (%)

95% CI Explained-unit 
and (%)

95% CI Explained-unit 
and (%)

95% CI

Predisposing factors

 Age, Sex, Race 0.005 (0.95) (−0.012, 0.021) 0.005 (1.05) (−0.013, 0.024) 0.004 (0.98) (−0.016, 0.025)

Enabling factors

  Marriage, Education, 
Income, Insurance 
coverage, 
Prescription 
Coverage

−0.091 (−18.62) (−0.131, −0.051) −0.092 (−18.20) (−0.147, −0.036) −0.091 (−20.39) (−0.139, −0.043)

Need factors 1

  Comorbidities, 
Physical health, 
Mental health

0.284 (57.81) (0.218, 0.350) 0.284 (56.30) (0.195, 0.373) 0.273 (60.98) (0.182, 0.365)

Need factors 2

  NSAIDs, Opioids, 
Polypharmacy

0.328 (66.79) (0.269, 0.386) 0.343 (67.98) (0.269, 0.417) 0.307 (68.39) (0.242, 0.371)

life-style factors

  BMI, Smoking, 
Exercise

−0.020 (−3.99) (−0.045, 0.005) −0.021 (−4.07) (−0.060, 0.019) −0.030 (−6.85) (−0.065, 0.004)

External factors

 Region of residence −0.014 (−2.95) (−0.029, 0.001) −0.015 (−3.06) (−0.031, 0.001) −0.014 (−3.11) (−0.031, 0.003)

Total Explained 0.490 (62.88) (0.402, 0.580) 0.504 (71.92) (0.396, 0.611) 0.449 (64.00) (0.336, 0.561)

Abbreviations: BMI, body mass index; 95% CI, 95% confidence interval; NSAIDs, non-steroidal anti-inflammatory drugs; Pain, pain interference in activity.
% = percent contribution in the explained portion.
Based on 2804 adults aged 18 years and older, alive during the calendar year and have osteoarthritis, 2018. The percent differences of domains of Andersen’s health 
care behavior model are illustrated in the model.

osteoarthritis and pain had a 33.6% (β = 0.290, SE = 0.06, 
P < .001) higher annual average healthcare expenditures com-
pared to those with osteoarthritis and no pain.

Blinder-Oaxaca linear decomposition

The post-regression Blinder-Oaxaca linear decomposition 
analysis results are summarized in Table 4. The average pre-
dicted log-transformed total healthcare expenditures for the 
pain group was 9.318 units (SE = 0.04, 95% CI = (9.23, 9.40), 
P < .001); and the corresponding log-transformed total health-
care expenditures for the no pain group was 8.538 units 
(SE = 0.04, 95% CI = (8.46, 8.61), P < .001). The difference 
between the 2 groups was 0.78 units (SE = 0.06, 95% CI = (0.66, 
0.89), P < .001) in average log-transformed health care 

expenditures. We decomposed the average differences using 
“pooled,” “pain,” and “no pain” regression weights.

Based on pooled regression weights, we found that differ-
ences in predisposing, enabling, need, personal healthcare prac-
tices, and external factors explained 62.8% of the difference in 
average log-transformed total healthcare expenditures. Thus, if 
adults with osteoarthritis and pain were to have characteristics 
similar to those without pain, the difference in log-transformed 
dollars would reduce to 0.32 units.

Among the explanatory factors, polypharmacy and comor-
bidities were the major drivers of excess healthcare expendi-
tures associated with pain among adults with osteoarthritis 
across all weights. As seen in Table 1, polypharmacy rates were 
significantly higher in adults with pain compared to those 
without pain (49.7% vs 25.9%). For example, polypharmacy, 
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opioid, and NSAIDs use explained 66.8% (pooled weights), of 
the excess total healthcare expenditures between the 2 groups. 
Thus, if osteoarthritis adults with pain were to have polyphar-
macy, NSAID use, and opioid use rates similar to those of 
those without pain, the difference in average total expenditures 
would reduce to 0.45 log units. If comorbidity, polypharmacy, 
NSAID use, and opioid use prevalence rates were similar 
between the 2 groups (pain and no pain) of adults with osteo-
arthritis, the differences in average expenditures would be 
reduced to 0.169 log units. Similar reductions will be achieved 
using “pain” and “no pain” weights.

Of the 0.78-unit difference, −0.091 units (−18.6%) were 
explained by the differences in enabling factors. Finally, life-
style and external factors had a lower contribution to the log-
transformed healthcare expenditures of 3.99% (−0.020 units) 
and 2.95% (−0.014 units), respectively.

The explained portion rose from 64.0% when no pain 
regression weights were used to 71.9% when pain regression 
weights were used.

Discussion
Previously, studies have reported significantly higher healthcare 
expenditures in adults with osteoarthritis compared to those 
without osteoarthritis43,44 and higher expenditures due to 
pain.19,20 In this study, we restricted our analysis to adults with 
osteoarthritis and examined excess healthcare expenditures asso-
ciated with pain interference. We found that adults with osteo-
arthritis and pain had 2.01 times higher annual healthcare 
expenditures compared to those without pain. After controlling 
for predisposing, enabling, need, lifestyle, and external factors, we 
found that the average healthcare expenditures were 101.47% 
higher in adults with osteoarthritis and pain compared to adults 
with only osteoarthritis. These findings suggest a higher disease 
burden in adults with osteoarthritis and pain. The higher health-
care expenditures in adults with osteoarthritis and pain may be 
due to chronic pain that may lead to increased utilization of 
health care resources such as frequent use of outpatient services, 
pharmacy, and increased emergency department visits.45,46

This study expanded the previous literature, by determining 
which of the differences in characteristics contributed to the 
excess expenditures associated with pain among adults with 
osteoarthritis using decomposition analysis. In decomposition 
analysis, we found that nearly two-thirds of the difference in 
direct healthcare expenditures was explained by differences in 
predisposing, enabling, need lifestyle, and environmental fac-
tors between those with and without pain.

Among the explanatory factors, polypharmacy and pain med-
ications were the primary drivers of the excess expenditures asso-
ciated with pain. This finding emphasizes the need for 
medication therapy management (MTM) services, which focus 
on medication therapy review as well as medication safety review 
(MSR). Although not specific to osteoarthritis, studies reported 
positive effects of MTM services on medication adherence, 
appropriateness, dose reduction, and hospitalization.47,48 For 

example, a study that explored the difference in outcomes 
between patients with pharmacist delivered MSR to patients 
without such reviews reported that patients with MSR experi-
enced lower medical costs, hospitalization, emergency depart-
ment visits, and mortality.49 Another study conducted on chronic 
polypharmacy patients reported a significant reduction in medi-
cal costs due to MTM.50 A randomized controlled trial on mul-
tiple chronic conditions also reported significant cost savings 
and improvement in humanistic measures in MTM elderly 
group compared to the usual care group.51 Applying screening 
tools that facilitate “STOPP & START” criteria for stopping 
inappropriate medications and starting appropriate medications 
may also reduce the risk of polypharmacy52 and healthcare costs 
due to adverse effects.53 Specifically, STOPP and START crite-
ria can be used to reduce inappropriate prescribing in older 
adults with multimorbidity.54

Our findings suggest that excess healthcare expenditures 
associated with pain among adults with osteoarthritis may be 
reduced with non-pharmacologic treatments. The Osteoarthritis 
Research Society International (OARSI) guidelines emphasize 
arthritis education and structured land-based exercise programs 
as the primary non-surgical treatment for knee, hip, and polyar-
ticular osteoarthritis.55 OARSI recommends mind-body exer-
cises, dietary weight management, and cognitive behavioral 
therapy with an exercise component for patients with comor-
bidities as non-pharmacological treatment options in addition 
to strengthening exercises.55

Comorbid conditions and their sequelae on physical and men-
tal health were also major drivers of the excess expenditures of 
pain in adults with osteoarthritis. In our study, adults with pain 
had higher rates of comorbidities (93.4% vs 77.9%) as compared 
to those without pain. Thus, a subgroup of osteoarthritis patients 
is highly multimorbid and healthcare management can be quite 
challenging for this subgroup. This emphasizes the greater need 
for team-based coordinated care. Many studies have reported the 
positive effects of team-based care coordination provided in med-
ical homes on health outcomes including a reduction of inpatient 
and outpatient visits.56-58 Medical homes avoid treatment dupli-
cation through care coordination and may play an increasingly 
important role in providing effective care to multimorbid patients. 
For example, a study on medical home patients reported lower 
inpatient, outpatient, and emergency room expenditures in the 
follow-up year compared to usual care.59 However, studies have 
also reported a paucity of coordination programs and complexity 
in care delivery which may result in pain, mental health issues, 
and medication error.60-62 These findings suggest that care coor-
dination offered through medical homes or accountable care 
organizations63 may be a pathway to reduce costs among adults 
with osteoarthritis and pain.

We also observed that enabling factors, some of which can 
be considered as Social Determinants of Health (SDoH), were 
protective against higher costs in the pain group. Adults who 
had osteoarthritis without pain had higher rates of education 
above high school (67.5% vs 54.5%) compared to those with 
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pain. Similar findings were observed for income, and prescrip-
tion drug coverage, highlighting the role of SDoH in cost-
containment efforts. Previous studies have suggested that some 
SDoH such as lower-income, and lower educational levels are 
associated with higher comorbidities, hospitalization, death, 
and increased healthcare expenditures.64,65 On the other hand, 
improvement in SDoH has the potential to reduce costs. When 
participants’ social needs were met, mean healthcare expendi-
tures were reduced by 10%.66 However, we cannot rule out the 
moral hazards associated with access to healthcare which can 
increase the costs. A recent study conducted on private insur-
ance plans reported 53% additional medical spending between 
the most and least generous healthcare plans suggesting the 
existence of moral hazard due to healthcare insurance.67

It is important to note that nearly one-third of the differences 
in log-transformed expenditures between osteoarthritis adults 
without pain and osteoarthritis with pain remained unexplained. 
The unexplained portions can be contributed by unmeasured fac-
tors such as medication adherence, treatment differences, and 
severity of the diseases.68,69 Therefore, future research needs to 
evaluate the contributions of such factors in assessing excess health 
care expenditures among adults with osteoarthritis and pain.

Strengths and Limitations
This study has several strengths. We used a nationally repre-
sentative, large dataset of U.S. non-institutional civilians and 
developed a population-based study. Furthermore, we controlled 
for potential confounding factors by including a comprehensive 
list of covariates that can be associated with osteoarthritis, pain, 
and related expenditures. However, this study also has some 
limitations. A causal relationship between osteoarthritis with or 
without pain and expenditures cannot be determined due to the 
cross-sectional nature of the study. Given the self-reported 
nature of the survey and data collection, the study is subjected to 
recall bias and other forms of information bias. Moreover, the 
survey did not capture the severity of osteoarthritis or other 
chronic conditions. Some of the excess expenditures may be 
explained by the severity, type of osteoarthritis, and treatment 
procedures for osteoarthritis pain (eg, knee surgery), which were 
not included in this study. This study focused on direct health-
care expenditures from a comprehensive list of sources, however, 
we did not include indirect costs due to disability, mobility limi-
tations, and job problems. The pain question asked participants 
about the last 4 weeks, therefore, the likelihood of under or 
over-reporting cannot be discounted. The pain question was 
not osteoarthritis-specific. Although we included several covar-
iates, the influence of unmeasured confounders such as the 
severity of osteoarthritis, the number of osteoarthritis sites 
affected, and the severity of comorbid conditions cannot be 
ruled out. Polypharmacy was one of the major drivers of the 
excess expenditures associated with pain, we cannot rule out its 
endogenous relationship with expenditures. We used the 
Blinder-Oaxaca decomposition method which does not provide 

insights on the root causes of the differences between the 2 
groups. In addition, the method may yield different estimates 
based on the regression weights used.37,70 We used log-trans-
formed expenditures which cannot be easily converted to origi-
nal dollar values.71

Conclusion
Compared to the adults who had osteoarthritis without pain, 
adults with osteoarthritis and pain had higher average annual 
costs. The major drivers of the costs in adults with osteoarthri-
tis and pain were polypharmacy, NSAIDs, opioid use, and 
comorbidities. Future research should emphasize primary, sec-
ondary, and tertiary prevention of comorbidities, use of alterna-
tive treatments including non-pharmacological treatment for 
pain among adults with osteoarthritis.
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