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BACKGROUND: Depression is common among individ-
uals with osteoarthritis and leads to increased healthcare
burden. The objective of this study was to examine excess
total healthcare expenditures associated with depression
among individuals with osteoarthritis in the US.
DESIGN: Adults with self-reported osteoarthritis (n=
1881) were identified using data from the 2010 Medical
Expenditure Panel Survey (MEPS). Among those with os-
teoarthritis, chi-square tests and ordinary least square
regressions (OLS) were used to examine differences in
healthcare expenditures between those with and without
depression. Post-regression linear decomposition tech-
nique was used to estimate the relative contribution of
different constructs of the Anderson’s behavioral model,
i.e., predisposing, enabling, need, personal healthcare
practices, and external environment factors, to the excess
expenditures associated with depression among individ-
uals with osteoarthritis. All analysis accounted for the
complex survey design of MEPS.
KEY RESULTS: Depression coexisted among 20.6 % of
adults with osteoarthritis. The average total healthcare
expenditures were $13,684 among adults with depres-
sion compared to $9284 among thosewithout depression.
Multivariable OLS regression revealed that adults with
depression had 38.8 % higher healthcare expenditures
(p<0.001) compared to those without depression. Post-
regression linear decomposition analysis indicated that
50 % of differences in expenditures among adults with
and without depression can be explained by differences
in need factors.
CONCLUSIONS: Among individuals with coexisting oste-
oarthritis and depression, excess healthcare expendi-
tures associated with depression were mainly due to co-
morbid anxiety, chronic conditions and poor health sta-
tus. These expenditures may potentially be reduced by
providing timely intervention for need factors or by pro-
viding care under a collaborative care model.
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INTRODUCTION

Arthritis is a chronic rheumatic condition and contributes to
high rates of disability and healthcare expenditures.1–3 Approx-
imately 22 % of the US adult population has been reported to
have some type of arthritis.4Osteoarthritis is the most common
type of arthritis. With increasing obesity, physical inactivity
and an aging population, the prevalence of osteoarthritis and its
consequent economic burden is likely to increase in the US.5

Depression and depressive symptoms are common among
individuals with osteoarthritis,6–8 as osteoarthritis causes
chronic pain and disability, which are both underlying factors
for depression.7 The prevalence of depression among individ-
uals with arthritis can be very high, ranging from 17 to 27 %,
depending on the type of arthritis and definition of depres-
sion.9–12 It has been estimated that among adults in the age
group of 54–65 years, 18.1 % of major depression is attribut-
able to arthritis.10 A greater proportion of individuals with
osteoarthritis are reported to have depression (12.4 %) as
compared to individuals without osteoarthritis.8

Although several studies have examined the excess
healthcare expenditures associated with depression in other
chronic conditions such as diabetes, cardiovascular disease
(CVD), and asthma,13–15 no previous US study has estimated
excess healthcare expenditures associated with depression
among individuals with osteoarthritis or factors that contribute
to these excess expenditures.
Such excess expenditures due to depression can be due to

presence of multimorbidity among individuals with osteoar-
thritis. Individuals with osteoarthritis often report comorbidi-
ties such as diabetes, cardiovascular disease, hypertension,
depression, respiratory disease and obesity. It is also evident
from the previous literature that individuals with osteoarthritis
have at least two comorbid conditions and three-fourths of the
individuals with osteoarthritis have three or more comorbid
conditions.16 The presence of Multimorbidity and depression
among individuals with osteoarthritis can lead to increased
pain and functional disability,17which in turn may contribute
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to excess healthcare expenditures among adults with osteoar-
thritis and depression compared to those with osteoarthritis
and no depression.
It is important to examine excess healthcare expenditures

associated with depression, because many new policy initia-
tives have focused on care management of high-cost, high-need
patients to improve quality and reduce future costs. The Patient
Protection and Affordable Care Act (PPACA) has also created
incentives for providers through shared savings programs with-
in accountable care organizations to provide collaborative care
with reduced cost. Policy makers are also experimenting with
various reimbursement initiatives, such as bundled payments
for episodes of care to reduce costs. All these financial reforms
require the identification of high-cost, high-need patients. An
understanding of factors that contribute to high healthcare
expenditures among those with complex healthcare needs, such
as those with co-occurring osteoarthritis and depression, may
help providers in developing and implementing appropriate
care management with reduced costs.
Therefore, the primary objective of the current study is to

estimate excess total healthcare expenditures associated with
depression among a nationally representative sample of US
adults with osteoarthritis, and examine the extent to which
individual-level factors contribute to the excess total
healthcare expenditures associated with depression by using
a post-regression linear decomposition approach.

METHODS

Analytical Framework

The Andersen’s behavioral model for healthcare services uti-
lization was adopted to provide a conceptual framework to the
study.18 This model has been used extensively to examine the
relationship between predisposing, enabling, need, personal
health practices, and external environment factors, and
healthcare services utilization and expenditures. The model
posits that healthcare service utilization (in this study, it is in
the form of total healthcare expenditures) can be predicted
through individual level factors: 1) predisposing—gender,
race, and age; 2) enabling—marital status, education, employ-
ment, poverty status, insurance coverage, and usual source of
care; 3) need—perceived physical and mental health status,
anxiety, presence of cardiovascular conditions, and other
chronic conditions; 4) personal health practices—body-mass
index (BMI), exercise, and smoking status; and 5) external
environment—metro versus non-metro residence.

Design

We used a retrospective cross-sectional design.

Data Source

We used data from the 2010 Medical Expenditure Panel
Survey (MEPS), a large-scale nationally representative survey

of US households, families and non-institutionalized individ-
uals. Using a panel design, the survey collects information on
healthcare utilization, expenditures associated with these ser-
vices, and the sources of payment.19 The survey also elicits
information on medical and mental health conditions.20,21

This information is collected verbatim and converted into
International Classification of Disease, Ninth edition, Clinical
Modification (ICD-9-CM) codes by professional coders. The-
se ICD-9-CM codes were further converted in clinical classi-
fication codes, and for the purpose of this study, either or both
of them were used.22

Analytical Sample

The analytical sample consisted of adults with osteoarthritis
(n=1881). Individuals with osteoarthritis were identified using
clinical classification code B203.^ These individuals were
22 years or older, alive during the calendar year, and reported
having positive healthcare expenditures. Individuals with os-
teoarthritis and depression were identified using both full-year
consolidated data files and medical condition files.

Measures
Dependent Variable: Total Healthcare Expenditures. Total
healthcare expenditures consisted of payments made for
hospital inpatient stays, emergency room visits, outpatient
visits, office-based medical provider visits, prescription drugs,
dental visits, home health visits and other medical expenses.22

Other medical expenses included ambulatory care, vision and
dental care, durable medical equipment, and other items such
as hearing devices, medical equipment, etc., that are purchased
or rented. MEPS captured payments for these services from
the following sources: Medicare, Medicaid, TRICARE (a
health care program offered by the Military Health System
for active duty service members, National Guard and Reserve
members, their families, survivors, and certain former
spouses), Veterans Affairs including CHAMPVA (Civilian
Health and Medical Program of the Department of Veterans
Affairs), and other federal, state and local sources, out-of-
pocket expenses, private insurance, worker’s compensation
and other unclassified resources.

Key Independent Variable: Presence of Depression. The
presence of depression was identified from medical
condition file using the clinical classification code B657^ or
ICD-9-CM code B296^ or B311,^ which represents both bipo-
lar and depressive disorders.

Other Independent Variables. Other independent variables
were: predisposing, enabling, need, personal health practices,
and external environment factors, as suggested by Anderson
behavioral model. Predisposing factors were gender (female,
male), race (white, African Americans, Latino, and others),
and age (22–39, 40–49, 50–64, and 65 years and older).
Enabling factors included marital status (married, widow,
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separated/divorced and never married), education (less than
high school, high school and more than high school), employ-
ment (employed, not employed), poverty (poor, near poor,
middle income and high income), insurance coverage (private,
public and uninsured), and usual source of care. The poverty
status variable was defined using the federal poverty level
(FPL), which uses family size and composition. Poor was
defined as incomes less than the FPL, near poor as 100 % to
less than 200 % of the FPL, middle income as 200 % to less
than 400 % of the FPL, and high income as 400 % of the FPL
or greater. Need factors included perceived physical and men-
tal health status (excellent/very good, good, and fair/poor),
anxiety (anxiety and no anxiety), chronic conditions (presence
of zero, one, two, the or more chronic conditions) such as
anemia, asthma, human immunodeficiency virus (HIV), can-
cer, and thyroid disorder, and presence of cardiovascular con-
ditions (yes, no) such as hypertension, diabetes, and heart
disease. Personal health practices included BMI (under/nor-
mal weight, overweight, and obese), physical activity (three
times per week, and no exercise), and smoking status (current
smoker and others). External environment included metro
status (metro and no metro).

Statistical Analysis

Chi-square tests were used to examine unadjusted subgroup
differences in the characteristics of those with depression and
osteoarthritis as compared to those without depression. Ordi-
nary least square regression (OLS) on log-transformed expen-
ditures was used to evaluate the magnitude of the association
between depression and healthcare expenditures. In this re-
gression, predisposing, enabling, need, personal healthcare
practices, and external environment factors were included as
other independent variables.
To better understand the contribution of each patient level

factor to the differences in expenditures among adults with and
without depression, a post-regression linear decomposition
was performed. This technique, known as “linear decomposi-
tion,” was developed by Blinder-Oaxaca.23,24 The decompo-
sition technique enables investigators to assess how much of
the differences in expenditures of the two groups (depression
and no depression) may be due to: 1) observable andmeasured
factors, such as predisposing, enabling, need, personal health
practices, and external environment factors; 2) unobservable
(such as genetic disposition for severe depression) and other
unmeasured factors in this study; and 3) an interaction that
accounts for the differences in the characteristics and regres-
sion coefficients that may exist simultaneously.25 The interac-
tion term can be included either in the explained portion or in
the unexplained portion. The choice is left to the analysts
based on interpretation rather than statistics. We included the
interaction term in the unexplained portion, because part of the
difference is also due to differences in regression coefficients.
The decomposition approach categorizes healthcare expen-

ditures into an Bexplained portion^ and an Bunexplained

portion.^ The explained portion is calculated by multiplying
the differences in characteristics by estimated regression coef-
ficients of these characteristics. Regression coefficients, also
referred to as regression weights, could be based on regression
coefficients derived from OLS regression among adults with
depression or regression coefficients derived from OLS re-
gression among adults without depression. To counter this
problem, regression estimates from OLS regression among
adults with and without depression can be used. In this paper,
Neumark’s approach is used.26 In this approach, regression
coefficients are derived by pooling observations from the two
groups without controlling for depression. All analyses
accounted for the complex survey design of MEPS, and were
conducted using Statistical Analysis Software (SAS) version
9.3, Cary, NC, USA. Surveymeans, surveyfreq, and surveyreg
procedures were used in SAS to account for clustering, strat-
ification, and weights.

RESULTS

Among adults with osteoarthritis, approximately 21 % had
coexisting depression. The characteristics of the sample dif-
fered by depression status. As compared to individuals with-
out depression, those with depression had a higher proportion
of females (62.9 % vs. 75.8 %), individuals between 50 and
64 years of age (36.8 % vs. 50.0 %), and those who were poor
(10.2 % vs. 15.7 %), obese (36.7 % vs. 47.0 %), and current
smokers (11.1 % vs. 23.5 %).A higher proportion of individ-
uals with depression reported fair/poor perceived physical
health (42.8 % vs. 20.9 %), fair/poor perceived mental health
(32.7 % vs. 8.6 %), anxiety (26.7 % vs. 9.4 %), and two or
more chronic conditions (31.6 % vs. 23.2 %), as compared to
individuals without depression. Chi-square tests revealed sig-
nificant subgroup differences in the characteristics of the two
groups for all domains of the Andersen’s model (Table 1).
Figure 1 presents the average total healthcare expenditures

among individuals with and without depression. Among indi-
viduals with osteoarthritis, the average total healthcare expen-
ditures were approximately $13,684 for those with depression,
compared to $9,285 for those without depression.
Table 2 presents results from separate OLS regressions on

log-transformed total healthcare expenditures for those with
and without depression. The regression coefficient of depres-
sion (or any categorical variable) can be interpreted by
exponentiating the regression coefficients of a dummy vari-
able and subtracting one (i.e., percent change=eβ – 1). After
adjusting for predisposing, enabling, need, personal health
practices, and external environment factors, adults with de-
pression had 38.8 % (β=0.328, p<0.001) greater healthcare
expenditures compared to those without depression.
Separate OLS regressions among those with and without

depression revealed that the association between expenditures
and subject characteristics was not similar. For example, the
uninsured had lower healthcare expenditures compared to
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Table 1 Description of the Study Sample by Depression Among Adults with Osteoarthritis Medical Expenditure Panel Survey (MEPS), 2010

Total Depression No depression

Characteristics N Wt% N Wt% N Wt% Sig

All 1881 100.0 375 20.6 1506 79.4
Predisposing factors
Gender ***

Female 1253 65.6 292 75.8 961 62.9
Males 628 34.4 83 24.2 545 37.1

Race
White 1337 84.4 287 85.6 1050 84.1
African American 265 6.7 39 4.7 226 7.2
Latino 174 5.1 32 4.9 142 5.1
Other 105 3.8 17 4.7 88 3.5

Age in Years ***
22–39 years 100 5.0 26 5.6 74 4.8
40–49 years 169 8.4 47 12.0 122 7.5
50–64 years 743 39.5 190 50.0 553 36.8
65 or older 869 47.1 112 32.4 757 50.9

Enabling factors
Marital status ***

Married 1051 59.0 180 54.6 871 60.2
Widow 303 15.4 48 11.7 255 16.4
Separated/Divorced 375 18.3 111 26.6 264 16.2
Never married 152 7.2 36 7.0 116 7.3

Education
Less than high School 364 13.7 76 14.8 288 13.4
High School 582 29.9 121 30.5 461 29.7
More than high school 927 56.4 176 54.7 751 56.9

Employment
Employed 722 41.2 132 37.9 590 42.0
Not employed 1159 58.8 243 62.1 916 58.0

Poverty status *
Poor 302 11.3 83 15.7 219 10.2
Near poor 368 18.5 76 18.9 292 18.3
Middle income 566 27.5 109 26.5 457 27.8
High income 645 42.7 107 38.9 538 43.6

Insurance
Private 1128 65.9 205 63.9 923 66.5
Public 643 29.6 141 29.9 502 29.5
Uninsured 110 4.5 29 6.2 81 4.0

Usual source of care
Yes 1741 93.6 348 94.9 1393 93.2
No 129 6.4 26 5.1 103 6.8

Need factors
Perceived physical health ***

Excellent/Very good 679 39.7 84 25.6 595 43.4
Good 658 34.8 119 31.6 539 35.6
Fair/poor 544 25.4 172 42.8 372 20.9

CVD
CVD 1253 64.8 255 68.1 998 63.9
No CVD 628 35.2 120 31.9 508 36.1

Chronic conditions **
None 836 43.4 138 35.9 698 45.3
One 606 31.7 127 32.5 479 31.5
Two 295 16.7 73 22.2 222 15.3
Three or more 144 8.2 37 9.4 107 7.9

Perceived mental health ***
Excellent/Very good 973 55.1 98 29.6 875 61.7
Good 619 31.4 143 37.7 476 29.7
Fair/poor 289 13.6 134 32.7 155 8.6

Personal health practices
Anxiety ***

Anxiety 245 13.0 99 26.7 146 9.4
No anxiety 1636 87.0 276 73.3 1360 90.6

BMI ***
Under/Normal weight 485 26.8 73 18.9 412 28.9
Overweight 602 34.4 116 34.1 486 34.5
Obese 750 38.8 182 47.0 568 36.7

Smoking status ***
Current smoker 275 13.6 95 23.5 180 11.1
Other 1495 81.4 262 72.2 1233 83.8

Exercise ***
At least 3 times/week 868 48.5 130 33.8 738 52.3
No exercise 1004 51.5 244 66.2 760 47.7

(continued on next page)
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those with private insurance among adults with depression.
However, the relationship was reversed among adults without
depression (Table 2). Adults without health insurance had
greater healthcare expenditures compared to those with private
insurance. Similarly, among individuals without depression,
those reporting good perceived physical health status had
35.5 % higher healthcare expenditures compared to those with
excellent/very good health (β=0.304, p<0.001). Such signif-
icance was not observed for individuals with depression
reporting good perceived physical health status. In contrast,
other factors, i.e., fair/poor perceived physical health, other
chronic conditions and CVD, had similar associations with
expenditures. For example, among those with depression,
individuals reporting fair/poor perceived physical health had
138 % (β=0.868, p<0.001) higher healthcare expenditures
compared to those with excellent/very good health. Similarly,
among those without depression, individuals reporting
fair/poor perceived physical health had 83 % (β=0.604,
p<0.001) higher healthcare expenditures compared to those
with excellent/very good health.

Table 3 summarizes the results from the post-regression
linear decomposition approach. The predicted log-
transformed expenditures were 8.83 for adults with depression
and 8.25 for adults without depression, suggesting a difference
of 0.548. Of this difference, 53.84 % was explained by the
differences in the characteristics of the two groups. This dif-
ference varied from 53.84 % when parameter estimates from
OLS regression among individuals with depression were used
as weights, to 36.87 % when parameter estimates from OLS
regression among individuals without depression were used as
weights. When parameter estimates from pooled OLS regres-
sion were used as weights, 52.6 % of the difference in average
total healthcare expenditures was explained by all the individ-
ual level factors included in the study. In our analysis, 16.98 %
of the differences were due to the interaction term.
Among patient level variables, need factors contributed the

most to the total explained difference. This difference varied
from 52.87 % when parameter estimates from OLS regression
among individuals with depression were used as weights, to
50.91 % when parameter estimates from OLS regression
among individuals without depression were used as weights.
When parameter estimates from pooled OLS regression were
used as weights, 58.88 % of the difference in average total
healthcare expenditures was explained by need factors includ-
ed in the study.
Explained portions of predisposing, enabling, personal

health practices and external environment had negative signs.
These negative signs suggest that, keeping other factors con-
stant, if the Bdepression^ group had the same distribution of
characteristics as the Bno depression^ group (predisposing,
enabling, personal health practices, and external environment
factors), the total healthcare expenditures of individuals with
depression would be higher.

DISCUSSION

We estimated excess total healthcare expenditures associated
with depression among adults with osteoarthritis, and elicited
patient level factors contributing to excess total healthcare
expenditures. We found that among individuals with osteoar-
thritis, those with depression had approximately 38.8 % great-
er total healthcare expenditures compared to those without

Table 1 (continued)

Total Depression No depression

Characteristics N Wt% N Wt% N Wt% Sig

External environment factors
Metro

Metro 1523 81.6 302 81.4 1221 81.6
Rural 358 18.4 73 18.6 285 18.4

Based on 1881 individuals with self-reported osteoarthritis, aged 22 years and older, from MEPS, 2010. Asterisks represent statistical significance
between those with and without depression based on chi-square tests
CVD Cardiovascular Diseases, BMI Body-Mass Index, Sig Significance, Wt% Weighted percentage
*** p<0.001; ** 0.001≤p<0.01; * 0.01≤p<0.05

Figure 1. Average total expenditures by presence/absence of
depression among individuals with osteoarthritis (OA). Medical

Expenditures Panel Survey (MEPS), 2010.

1807Agarwal and Sambamoorthi: Depression and Healthcare Expenditures in OsteoarthritisJGIM



Table 2 Ordinary Least Square Regression on Logged Expenditures by Presence/Absence of Depression Among Individuals with
Osteoarthritis. Medical Expenditure Panel Survey (MEPS), 2010

Depression No depression Pooled regression

β SE Sig Β SE Sig β SE Sig

Intercept 7.426 0.408 *** 7.230 0.308 *** 7.259 0.254 ***
Predisposing factors
Gender

Female 0.093 0.158 0.004 0.081 0.053 0.069
Males

Race
African American 0.069 0.284 0.037 0.128 −0.076 0.122
Latino −0.611 0.328 0.180 0.133 −0.292 0.111 **
Other 0.131 0.300 0.226 0.145 −0.129 0.151
White

Age in years)
40–49 0.406 0.419 0.081 0.277 0.168 0.230
50–64 0.200 0.374 0.035 0.269 0.034 0.230
65+ 0.159 0.438 0.244 0.281 0.168 0.243
22–39

Enabling factors
Marital status

Widow −0.068 0.228 0.087 0.096 0.055 0.088
Separated/Divorced 0.205 0.181 0.041 0.113 0.106 0.100
Never married 0.061 0.272 0.024 0.151 0.010 0.132
Married

Education
Less than HS 0.143 0.196 0.224 0.113 * −0.167 0.100
HS −0.039 0.164 0.006 0.095 −0.034 0.083
Above HS

Employment
Not employed 0.182 0.184 0.108 0.093 0.153 0.088
Employed

Poverty status
Poor −0.469 0.287 0.122 0.135 −0.235 0.145
Near poor −0.223 0.193 0.249 0.124 * −0.271 0.104 *
Middle income −0.244 0.172 0.201 0.102 −0.219 0.088 *
High income

Insurance
Public −0.179 0.160 0.182 0.093 −0.184 0.084 *
Uninsured −0.800 0.274 ** 0.715 0.173 *** −0.708 0.151 ***
Private

Usual source of care
No −0.592 0.372 0.439 0.193 * −0.460 0.172 **
Yes

Need factors
Perceived physical health

Good 0.318 0.204 0.304 0.087 *** 0.285 0.084 ***
Fair/poor 0.868 0.206 *** 0.604 0.131 *** 0.680 0.121 ***
Excellent/very good

Perceived mental health
Good −0.046 0.165 0.069 0.075 −0.010 0.068
Fair/poor −0.060 0.209 0.137 0.155 0.176 0.126
Excellent/very good

Smoking
Other smoker 0.218 0.137 0.154 0.127 0.133 0.094
Current smoker −0.181 0.177

Exercise
No exercise 0.001 0.175 0.027 0.072 −0.011 0.067
At least 3×/ a week

Body mass index groups
Overweight −0.015 0.190 0.068 0.100 0.075 0.095
Obese −0.015 0.173 0.025 0.090 0.013 0.089
Und-normal weight

Anxiety
Anxiety 0.262 0.139 0.138 0.115 0.222 0.081 **
No anxiety

Chronic conditions
One 0.428 0.150 ** 0.437 0.076 *** 0.448 0.068 ***
Two 0.821 0.197 *** 0.888 0.093 *** 0.897 0.078 ***
Three or more 0.507 0.225 * 1.056 0.137 *** 0.948 0.124 ***
None

CVD
CVD 0.392 0.140 ** 0.615 0.089 *** 0.580 0.072 ***
No CVD

(continued on next page)
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depression, even after adjusting for predisposing, enabling,
need, personal healthcare practices, and external environment
factors.
It is plausible that individuals with co-occurring chronic

physical conditions and depression (i.e., osteoarthritis and
depression) may have more medical care utilization than indi-
viduals with only physical conditions (i.e., osteoarthritis). It
has been documented in a study on veterans with diabetes that
those with mental health conditions such as depression may
incur higher direct general medical care costs than costs for
mental healthcare.27 AmongMedicare beneficiaries with com-
mon chronic conditions, co-occurring depression more than
doubled the odds of hospital admissions for medical care.28

The results from post-regression linear decomposition indi-
cate that the explained portion varied from 53.84 % when
regression coefficients from the osteoarthritis and depression
group were used, to 36.87 % when regression coefficients
from the osteoarthritis group were used. Using the pooled
regression weights, 58.88 % of the difference in total expen-
ditures was explained by the need factors. In our study sample,
adults with depression were more likely to report fair/poor
physical health compared to those without depression. It is

possible that adults with depression may perceive their phys-
ical health to be fair/poor due to depressive symptoms and
functional limitations due to depression. Individuals with fair
or poor perceived health status may need greater medical care
leading to greater healthcare expenditures, compared to indi-
viduals with excellent perceived physical healthcare status.
Thus, the explained portion quantified how much of total

healthcare expenditures would be reduced if adults with oste-
oarthritis and depression had need factors similar to those of
adults with osteoarthritis and no depression.
However, when we weighted the differences in characteris-

tics by the regression coefficients from the osteoarthritis group,
we found that 50.91% of the expenditure gap was explained by
need factors such as perceived physical and mental health,
anxiety, presence of cardiovascular, and other chronic condi-
tions. Thus, the extent to which the excess expenditures could
be reduced would depend not only on equalizing the need
factors between the two groups, but also on the relationships
between need factors and healthcare expenditures.
An important point to note here is the presence of

multimorbidity in those with depression. In our study sample,
adults with depression had higher rates of co-existing CVD

Table 2 (continued)

Depression No depression Pooled regression

β SE Sig Β SE Sig β SE Sig

External environment factors
Metro

Rural 0.016 0.155 0.131 0.080 −0.111 0.066
Metro

Based on 1881 individuals with osteoarthritis, aged 22 years or older, who were alive during the calendar year.
CVD Cardiovascular Diseases, HS High School, SE Standard Error, Sig Significance
Asterisks represent significant differences in the log-transformed total healthcare expenditures.
***p<0.001; ** 0.001≤p<0.01; * 0.01≤p<0.05

Table 3 Decomposition of Log-Transformed Total Healthcare Differences by Depression Status Among Adults with Osteoarthritis. Medical
Expenditure Panel Survey (MEPS), 2010

Average log-transformed total healthcare expenditures for adults with depression 8.814
Average log-transformed total Healthcare expenditures without depression 8.266
Difference 0.548
Explained Differences in Average Log-transformed Total Healthcare Expenditures
Variables Weights

Pooled Depression No Depression
Explained % Explained % Explained %

Predisposing factors
Gender, Race, Age −0.011 −2.06 % 0.028 5.17 % −0.039 −7.09 %

Enabling factors
Marital Status, Education, Employment, Poverty,
Insurance Coverage and Usual source of care

−0.008 −1.48 % 0.001 0.23 % −0.013 −2.42 %

Need factors
Perceived health, Anxiety, Chronic conditions and CVD 0.322 58.88 % 0.290 52.87 % 0.279 50.91 %

Personal health practice factors
BMI, Exercise and Smoking Status −0.015 −2.70 % −0.024 −4.44 % −0.025 −4.48 %

External environment
Metro/Rural −0.00022 −0.04 % 0.00003 0.01 % −0.00026 −0.05 %
Total explained 0.288 52.60 % 0.295 53.84 % 0.202 36.87 %

Based on 1881 individuals with osteoarthritis, aged 22 years or older, who were alive during the calendar year
Negative percentages suggest that the gap in average total healthcare expenditures between adults with depression and no depression would increase if
those with depression had a similar distribution of characteristics as those without depression, and vice versa. An example of the calculation, using the
anxiety variable from the need factors is provided in Appendix A
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and other chronic conditions compared to those without de-
pression. Therefore, it is not surprising that higher prevalence
of multimorbidity in the Bdepression^ group can lead to higher
medical care utilization and expenditures compared to the Bno
depression group.^ These findings have implications for
healthcare delivery reforms that focus on care management,
along with reimbursement strategies to reduce costs. For ex-
ample, the model known as DIAMOND (Depression Im-
provement Across Minnesota Offering a New Direction) in-
cluded both an integrated care component and bundled pay-
ments to primary care providers for depression. This model
has been found to be effective in reducing depression remis-
sions, and is based on the IMPACT (Improving Mood-
Promoting Access to Collaborative Treatment) intervention
that uses a collaborative approach for providing treatment.29,30

It is also evident from the results of a systematic review of 45
studies that receiving collaborative care as compared to usual
care has been found to be beneficial among those with major
depressive disorder for improving the treatment outcomes
such as adherence and functional status, and for reducing the
financial burden.31 It has to be noted that the demonstration
projects for providing coordinated care for high-cost and high-
need patients have also proven to be cost-effective. Specifi-
cally, the Massachusetts General Physicians Organization
(MGH), which targeted patients with multiple chronic condi-
tions and high cost, has been shown to reduce costs and
improve care.32

Findings in this study can be interpreted after considering its
strengths and limitations. The main strengths of our study are
the use of a large nationally representative data set, a compre-
hensive list of independent variables that may affect expendi-
tures, and availability of healthcare expenditures from all
sources. We contributed to the knowledge base on this topic
by examining the extent to which individual level factors
contributed to the excess expenditures among individuals with
arthritis using a post-regression linear decomposition tech-
nique. However, certain limitations associated with our study
should be noted. All measures were self-reported and may be
subject to recall bias. Nearly 50 % of excess healthcare expen-
ditures associated with depression remained unexplained. We
could not adjust for other factors, such as severity of osteoar-
thritis and depression. Inclusion of these factors could have
increased the explained portion of excess expenditures associ-
ated with depression. Additionally, the decomposition tech-
nique may provide quantitative results by distinguishing be-
tween the explained and unexplained portions of the differ-
ences in healthcare expenditures; it does not address the under-
lying mechanisms, nor does it identify the reasons for differ-
ences in average characteristics between the two groups.

CONCLUSION

This is the first study to use nationally representative data to
estimate healthcare expenditures associated with depression

among individuals with osteoarthritis. We found that depres-
sion is associated with 38.8 % higher expenditures in individ-
uals with osteoarthritis. By using a linear-decomposition ap-
proach, we also identified that higher prevalence of need
factors, such as poor perceived health status, anxiety, other
chronic conditions and CVD, explained 52 % of the excess
expenditures. Our findings suggest that routine screening and
a collaborative care approach may be needed to prevent clin-
ical depression and reduce the depression-associated costs.
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