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Abstract

Background: Both depression and cancer are economically burdensome. However, how depression affects the
healthcare expenditures of elderly cancer patients from payers' and patients’ perspectives is largely unknown. This
study investigated whether depression resulted in higher healthcare expenditures among these patients from both
payers’ and patients’ perspectives and identified health service use categories associated with increased
expenditures.

Methods: From the Medicare Current Beneficiary Survey (MCBS)-Medicare database, we identified breast, lung and
prostate cancer patients aged 65 years and over who were newly diagnosed between 2007 and 2012. Presence of
depression was based on self-reports from the surveys. We used generalized linear models (GLM) and two-part
models to examine the impact of depression on healthcare expenditures during the first two years of cancer
diagnosis controlling for a vast array of covariates. We stratified the analyses of total healthcare expenditures by
healthcare services and payers.

Results: Out of the 710 elderly breast, lung and prostate cancer patients in our study cohort, 128 (17.7%) reported
depression. Individuals with depression had $11,454 higher total healthcare expenditures, $8213 higher medical
provider expenditures and $405 higher other services expenditures compared to their counterparts without
depression. Also, they were significantly more likely to have inpatient services. For payers, they incurred $8280 and
$1270 higher expenditures from Medicare’s and patients’ perspectives, respectively.

Conclusions: Elderly cancer patients with depression have significantly higher healthcare expenditures from both
payers' and patients’ perspectives and over different expenditure types. More research is needed in depression
screening, diagnosis and treatment for this population.

Keywords: Depression, Healthcare, Expenditures, Elderly, Cancer

* Correspondence: dgu2@mdanderson.org

'Department of Health Services Research, University of Texas M. D. Anderson
Cancer Center, 1400 Pressler St, Unit 1444, Houston, TX TX 77030, USA
“Division of Management, Policy and Community Health, University of Texas
School of Public Health, Houston, TX, USA

Full list of author information is available at the end of the article

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12888-020-02527-x&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:dgu2@mdanderson.org

Gu et al. BMC Psychiatry (2020) 20:131

Background

Studies have shown that the risk of depression is higher
for cancer patients than for those with stroke, diabetes
and heart disease [1, 2]. While the reported prevalence
of depression among cancer patients has varied by study
design and definitions of depression, a previous meta-
analysis reported a pooled mean prevalence ranging
from 8 to 24% [3]. Moreover, cancer patients’ short-term
and long-term physical and mental health are negatively
impacted by depression comorbidity, as depression has
been linked to higher mortality, poorer quality of life,
and poorer treatment adherence for cancer patients in
general [4—6]. Additionally, as a result of the aging
population in the United States and high prevalence of
cancer among the elderly, a large portion of cancer
patients are 65 and over; it is projected that by 2040
approximately 70% of those diagnosed with cancer will
be 65 years or older [7]. Therefore, addressing the men-
tal health needs of elderly cancer patients is vital to im-
prove the wellbeing of both this population and society
as a whole.

Aside from its negative health impact as one of the
most economically burdensome disorders, depression is
usually associated with excess healthcare expenditures.
In particular, it has been shown that depression is asso-
ciated with increased direct healthcare costs for elderly
patients with depression [8, 9]. It is plausible that
depression can increase the healthcare expenditures
since depression can deteriorate the cancer patients’
health and may undermine cancer patients’ treatment
adherence [4—6]. However, the magnitude is less known.
Only a few studies have examined the higher healthcare
expenditures associated with depression among cancer
patients [10-13].

A paper focusing on the nonelderly military popula-
tion showed that military healthcare beneficiaries with
both cancer and depression had significantly higher an-
nual healthcare costs compared with those who only had
cancer ($16,212 vs $7728) [10]. A recent paper about
adult cancer patients aged older than 21 years, showed
that compared with those without depression, those
with depression had about 32% greater one-year total
healthcare expenditures including all third-party pay-
ments and out-of-pocket expenditures by patient or
family. In particular, depression increased many types
of healthcare expenditures, such as total, outpatient,
and prescription expenditures for cancer patients. But
this paper did not stratify the analyses by payers [11].
A more recent paper examining healthcare charges
for cancer patients in the first year after diagnosis
from the University of California San Diego Health-
care System found that depressed individuals had
113% higher total annual healthcare charges compared
to those without depression [12].
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In terms of the impact of depression on elderly cancer
patients’ healthcare expenditures, a study examining the
association of depression with increased healthcare costs
among prostate cancer patients, showed that those with
depression had about 30% higher costs compared with
those without depression from Medicare’s perspective
during the year after cancer diagnosis [13].

Limitations of existing studies include failure to exam-
ine overall healthcare expenditures stratified by payers’
and patients’ perspectives, or failure to focus on elderly
cancer patients; most did not examine multiple cancer
types. Hence, the healthcare expenditures associated
with depression in the context of multiple cancer types
from the perspective of both payers and patients is not
well studied for elderly cancer patients.

Methods

Study design

This is a retrospective cohort study that examined the
healthcare expenditures associated with depression for
elderly cancer patients. In this study, we focused on the
three most prevalent cancer types: breast, lung and pros-
tate. We identified cancer diagnosis based on Medicare
claims between January 2007 and December 2012;
captured depression status based on self-reports from
survey data either in the year of cancer diagnosis or the
subsequent calendar year; and measured healthcare
expenditures in the year of diagnosis and subsequent
calendar year after cancer diagnosis. The expenditure
measurement period was uniformly at 24 months for all
the patients.

Data source

This study used 2007-2013 Cost and Use files of Medi-
care Current Beneficiary Survey (MCBS)-Medicare spon-
sored by the Centers for Medicare & Medicaid Services
(CMS). MCBS-Medicare is generated by sampling a na-
tionally representative sample of Medicare beneficiaries,
who are surveyed up to three rounds per year for four
successive years. The data set contain two types of files
that are released annually: Access to Care (MCBS/AC)
and Cost and Use (MCBS/CU). The MCBS/CU files
were used because they link Medicare claims to survey-
reported events. Therefore, the data contains “complete
expenditures and source of payment data on all health-
care services,” even if the services are not covered by
Medicare. Additionally, the data set contains compre-
hensive and detailed information on patient demograph-
ics, socioeconomic status, healthcare utilization, and
self-reported health status and symptoms [14].

Ascertainment of study cohort
The algorithm to identify cancer patients was based on
clinical diagnoses in claims. The beneficiaries were
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considered to be diagnosed with cancer based on the Inter-
national Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) (140-172, 174-208, 225, 227.3
and 227.4) and were required to have at least one inpatient
or two outpatient claims or medical provider claims with a
cancer diagnosis based on the ICD-9-CM codes. The ser-
vice date between the two outpatient claims was required
to be at least 30 days. Additionally, all patients included in
the analytical sample had to be continuously enrolled in
Medicare Parts A and B without Medicare Advantage en-
rollment and not reside in a long-term care facility during
the study period so as to ensure the completeness of Medi-
care claims and prescribed medicine event (PME) files. Pa-
tients who were lost to follow-up during the study period
were excluded. Newly diagnosed cases were identified by
using a 12-month wash-out period.

If clinical diagnosis codes indicated more than one can-
cer site, this study applied a hierarchical process to assign
beneficiaries to the cancer site that is more likely to have
been the primary tumor location. For instance, a patient
with diagnosis codes for both lung and brain cancer would
be assigned to the lung cancer group [15, 16]. Lastly, this
study only included beneficiaries belonging to groups of
breast, lung and prostate cancer sites with ICD-9-CM
codes as 174.x, 162.x, and 185.x, respectively.

Identification of depression

This study defined the patient as having depressive symp-
toms via two questions in the survey: [1]. "In the last 12
months, how much of the time did you feel sad, blue or de-
pressed? " [2]. “In the last 12 months, have you had 2 weeks
or more when you lost interest or pleasure in the things
that you usually cared about or enjoyed?” A patient was
considered to have depression if he/she responded “all of
the time” or “most of the time” to the first question, and/or
answered “yes” to the second question [17, 18]. The com-
bination of these two questions was found to have 91% sen-
sitivity and 86% specificity in detecting depression in cancer
and palliative care and hence is a good measure of the
presence of depression based on patient self-report [19].

Dependent variables

The dependent variables included total healthcare ex-
penditures, healthcare expenditures by service types, and
payer types. The total healthcare expenditures were
combined by MCBS from all payers’ payments and re-
spondents’ out-of-pocket (OOP) payments, and include
payments for different services types, including pre-
scribed medicines, dental, home health, hospice, hospital
inpatient, skilled nursing facility, medical provider, and
hospital outpatient. In addition to total healthcare, we
also analyzed subtypes of expenditures by healthcare
services and payers. The healthcare services included in-
patient (hospital inpatient and skilled nursing facility),
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hospital outpatient, medical providers, prescribed medi-
cines, and other (i.e., home health, dental, and hospice).
The payers included Medicare, other third-parties (i.e.,
other public [Medicaid, Veterans Affairs Health] Insurance,
individually purchased insurance, employer-sponsored
insurance, and other payments) and patients’ OOP expen-
ditures. The expenditures were inflated to constant 2017
dollars, adjusting for annual consumer price index for
medical care services [20].

The measurement period for expenditures included the
year of diagnosis and subsequent follow-up calendar year
after cancer diagnosis. While it would have been ideal to
measure expenditures in the 12 months following cancer
diagnosis, some expenditures include service types and
payers that are only reported on an annual basis, such as
dental services, OOP costs and other third-party payers.

Other independent variables

Besides depression status, the selection of the other
independent variables was based on the expanded An-
dersen Behavioral Model [21], which were also identi-
fied by self-reports from the survey data. The model
is composed of five main constructs: 1) predisposing
factors, which included year of cancer diagnosis, gen-
der, age in years at diagnosis and race/ethnicity; 2)
enabling factors, which included marital status, educa-
tional attainment, poverty status measured as income
to percentage of the federal poverty level and supplemen-
tal insurance type [16]; 3) need factors, which included
cancer site, perceived health status, functional status limit-
ations(the number of activities of daily living (ADLs) with
limitations) and the number of comorbid health condi-
tions including heart disease, stroke/brain hemorrhage,
hypertension, diabetes mellitus, arthritis, mental disorder
other than depression, neurological conditions, and lung
disease; 4) personal health practices and use of health ser-
vices, which included smoking status and body mass index
(BMI) [22]; and 5) external environment, measured as
metro status in this study. As a result of the flexibility of
the model, it can be easily applied to analyze the relation-
ship between various patient characteristics and health-
care expenditures [23, 24]. A valuable list of factors
associated with health service utilization for cancer
patients were summarized in a recent review paper on
Andersen Behavioral Model. (25)The selection of the vari-
ables to be included in this study (Table 1) was mainly
guided by published studies [23-25] that adopted the
Anderson Behavioral Model while taking into consider-
ation data elements available in MCBS-Medicare.

Statistical analyses

Chi-square test for categorical variables and t-test for con-
tinuous variables were used to analyze patient characteris-
tics and healthcare expenditures by patients’ depression
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Table 1 Characteristics of elderly cancer patients by depression
status
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Table 1 Characteristics of elderly cancer patients by depression
status (Continued)

Characteristics Without Depression  With Depression

Characteristics Without Depression  With Depression

N W% N Wit% N Wt% N Wit%
Total 582 823 128 177 Number of comorbid health conditions**
Predisposing None or 1 195 88.9 28 1.1
Year of cancer diagnosis >1 387 79.1 100 209
2007-2009 317 83.9 63 16.1 Personal health practices and use of health services
2010-2012 265 80.7 65 193 Smoking Status
Gender Current 38 77.9 11 22.1
Female 234 79.5 56 20.5 Past 319 799 76 20.1
Male 348 84.2 72 15.8 Never 225 86.6 41 134
Age BMI
65-74 177 794 48 206 Underweight/normal 206 804 54 19.6
75 and over 405 84 80 16 Overweight 258 83.7 49 163
Race/ethnicity Obese/morbid obese 18 825 25 175
Non-Hispanic white 520 829 12 17.1 External Environment
Other 62 76.8 16 232 Metro status
Enabling Metropolitan 414 825 87 17.5
Marital status Non-Metropolitan 168 81.5 41 185
Married 349 82.8 75 17.2 ***P <.001, **.001 < P <.01,*01< P <.05
Note: Wt% Weighted percentage, LT less than, GE greater than or equal to, FPL
Other 233 81.2 53 1838 federal poverty level, Rx prescription coverage, BMI body mass index
Educational attainment
Less than high school 114 779 3 91 ste.ltus; the tests were welghted using Cross—sectlonal. sam-
. pling weights [26]. To estimate different types of adjusted
High school 213 853 39 14.7 .. . . . .
A additional expenditures associated with depression, gener-
Greater than high school - 255 818 » 182 alized linear model (GLM) regressions with gamma distri-
Poverty status bution and log link, determined by modified park test
LT 200% FPL 435 84.8 79 15.2 [27], were used. In the regression analysis, depression
GE 200% FPL 147 748 47 259 status and all other independent variables were included.
Supplemental insurance® In the analyses of healthcare expenditures by service
o ‘ types and payer types, we observed a large number of
Private insurance with Rx 237 83.1 51 16.9 . .

o _ zeros for some of the expenditure categories such as
Public insurance with Rx 53 64.2 2 358 inpatient and other health services categories of total
Medical Insurance only 259 86.1 42 139 healthcare expenditures. When the proportion of zero
Other 33 819 8 18.1 expenditures was non-ignorable, we adopted two-part

Need models [27] with multivariable logistic regressions in
Cancer site the fl‘rst Part and GLMs with gamma distribution and
log link in the second part. The first part modeled
Breast 208 80.8 44 19.2 .- T, . .
the probability of utilizing certain services, and ad-
Lung 67 806 19 194 justed odds ratios (AOR) and 95% confidence inter-
Prostate 307 83.7 64 163 vals (CIs) were provided. The second part estimated
Perceived health status*** the adjusted effect of depression among those who
Excellent/very good/Good 475 864 75 136 had non-zero expenditures.
Fair/poor 107 673 3 397 All statistical ana‘lyses were accounted for the‘ MCBS
) _ complex survey design and were performed by using sur-
Functional status limitation*** . . . .
vey sampling and analysis procedures in SAS Enterprise
None 426 849 78 151 Guide version 6.1 (SAS Institute Inc., Cary, NC) and Stata
21 156 64.3 50 357

14.2 (StataCorp, College Station, TX).
This research article is adapted from a part of Dr. Dian
Gu'’s dissertation [28].
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Results

The sample included 710 elderly beneficiaries who were
newly diagnosed with breast, lung and prostate cancer,
among which 128 (17.7%) had depression. We excluded
140 patients due to not having two-year follow-up. Out of
these 140 patients, 25 (19.8%) had depression; this percent-
age is quite close to the 17.7% in the study sample. The
MCBS database has up to 3 years of claims data after the
initial survey. Therefore, the two-year follow-up require-
ment essentially excluded patients who received a cancer
diagnosis in the last of the three years. Such exclusion is
relatively random and we assume that it does not affect the
study results. The description of the study sample by

Table 2 Unadjusted healthcare expenditures by depression status
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depression status is provided in Table 1. Statistically signifi-
cant differences were found with respect to supplemental
insurance, perceived health status, functional status, and
number of comorbid health conditions. For example, pa-
tients with both public insurance and drug coverage were
more likely to report depression (35.8%) compared with
those with both private insurance and drug coverage
(16.9%), medical insurance only (13.9%) and other supple-
mental insurance (18.1%).

In Table 2, unadjusted total healthcare expenditures
were compared between the patients with depression
and those without, presented as total overall expendi-
tures and stratified by service types and payers. Overall,

Healthcare Expenditures Without Depression (N = 582)

With Depression (N =128)

N Mean $ SES N Mean $ SES
Total healthcare expenditures
Overall*** 582 44,106 2116 128 70918 5759
By service types
Medical provider*** 582 16,068 934 128 25,052 2609
Hospital outpatient 582 8050 658 128 8006 865
Prescribed medicine 582 7891 485 128 10,188 1242
In Userst
Inpatient 206 28,743 1890 77 35712 3785
Other* 430 3559 286 97 8653 2152
By payers
Medicare*** 582 28,856 1716 128 48,875 4150
Out-of-pocket(patient) 582 6511 291 128 9442 1516
Other third-party payers 582 7950 402 128 11,722 2053
Medicare healthcare expenditures
By service types
Medical Provider** 582 10,832 700 128 15,566 1545
Hospital outpatient 582 5766 501 128 5949 673
In Userst
Inpatient 198 25,658 1850 75 31,072 4458
Prescribed medicine 299 5868 624 69 9659 1969
Other** 103 7077 932 48 12,218 1652
Out-of-pocket healthcare expenditures
By service types
Medical provider** 582 1903 122 128 3028 348
Prescribed medicine 582 1639 98 128 1667 189
Other 582 2067 158 128 4020 1316
In Userst
Inpatient 74 3290 911 27 1685 441
Hospital outpatient 359 823 112 80 659 191

***p <001, **,001 < P <.01, *01<P<.05

1 Because a large number of patients did not have expenditures in these categories of expenditures, these expenditures were compared only among users (i.e.,

patients with non-zero expenditures)
Note: SE Standard Error
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the total healthcare expenditures were significantly
higher for patients with depression ($70,918 vs $44,106).
In analyses stratified by healthcare service types, patients
with depression spent significantly more in medical pro-
vider services ($25,052 vs $16,068). Regarding users of
other services, those with depression also spent signifi-
cantly more ($8653 vs $3559). In analysis stratified by
payers, patients with depression had significantly more
Medicare payments ($48,875 vs $28,856).

Tables 3 and 4 provides results from adjusted regres-
sions controlling for all the independent variables
described in the methods section. Table 3 presents the
adjusted total healthcare expenditures and percent
change associated with depression from GLM and two-
part models, overall and stratified by service types and
payers. The results showed that significant differences
were found in total healthcare expenditures and also in
some total expenditure categories. Patients with depres-
sion had $11,454 higher total healthcare expenditures,
which corresponded to 34.5% greater total healthcare ex-
penditures. Among different service types, patients with
depression had 45.9% higher medical provider expendi-
tures and were significantly more likely to have inpatient
services (AOR, 2.94; 95% CI, 1.82-4.74) compared with
those without depression. In users of other services,
patients with depression had 50.1% greater other services
expenditures. In terms of payers, patients with depres-
sion not only incurred $8280(43.8%) more expenditures
from Medicare’s perspective, but also $1270(32.9%)
higher expenditures from patients’ perspective.

Adjusted Medicare and out-of-pocket healthcare ex-
penditures and percent change associated with depres-
sion from GLM and two-part models stratified by
service types are presented in Table 4. From Medicare’s
perspective, among different healthcare services, patients
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with depression had 36% higher medical provider health-
care expenditures. Patients with depression were highly
significantly more likely to use inpatient services (AOR,
2.7; 95% CI, 1.59-4.58) and other services (AOR, 2.55;
95% CI, 1.59-4.09). For patients who used other services,
depression was associated with 47.2% greater other ser-
vices expenditures. From the patients’ perspective, pa-
tients with depression had 47.1 and 53% higher medical
provider and other healthcare expenditures, respectively.
We did not find sex, race, and education to be strongly
associated with expenditures; we did find that patients
with more chronic conditions and fair or poor self-
reported health status were more likely to have higher
expenditures across most health service types.

Discussion

We found a depression rate of 18% (19% for breast, 19%
for lung and 16% for prostate) in our study. These rates
fall in the range of 8 to 24%, which was estimated from
a meta-analysis of depression prevalence among cancer
patients assessed by diagnostic interviews and self-report
instruments [3]. Since the prevalence of self-reported de-
pression is high for elderly cancer patients in this study,
and depression is often unrecognized for the geriatric
cancer population [29, 30], it is essential to improve de-
pression screening and diagnosis for this population.
While some instruments such as the Geriatric Depres-
sion Scale (GDS) [31] are commonly used to identify
depression in the elderly, few studies have assessed their
accuracy in the geriatric cancer setting. Considering the
complexity and difficulty to identify and detect depres-
sion for geriatric cancer populations [32], more research
is needed to find or develop accurate, appropriate and
validated depression measurement tools.

Table 3 Adjusted effect of depression on total healthcare expenditures, overall and stratified by service types and payers

AOR [95% Cl]

Coefficient (SE)

$ Change [95% Cl] % Change [95% Cl]

Overall

By service types

0.30 (0.09)**

11,454 [4472,19,729] 345 [135593]

Medical provider 0.38 (0.1)*** 8213 [3477,13,998] 459 [194,78.1]
Hospital outpatient —-0.79 (0.14) —617 [-2387,1702] —7.6[-29.5,21.0]
Prescribed medicine —0.07 011 — 217 [~ 819,531] —6.5 [-24.6,16.0]
Inpatientf 294 [1.82,4.741* 0.05 (0.11) 1061 [-3036,6137] 5.3 [-15.030.0]
Other# 1.05 [0.65,1.69] 041 (0.16)* 405 [69,870] 50.1 [851074]
By Payers

Medicare 037 (0.1)*** 8280 [3570,13,977] 43.8[18.87,7391]
Out-of-pocket(patient) 0.28 (0.13)* 1270 [139,2720] 329 [3.60,70.40]
Other 023 (0.15) 2613 [-546,6826] 26.1 [-5.5,68.2]

***p <.001, **,001 < P <.01, *01< P <.05

# Because a large number of patients did not have expenditures in these categories of expenditures, two-part models, with logistic regressions in the first part
and GLMs with gamma distribution and log link in the second part were used to estimate the adjusted effect of depression

Note: SE Standard Error
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Table 4 Adjusted effect of depression on Medicare and out-of-pocket healthcare expenditures, stratified by service types
AOR[95% Cl] Coefficient (SE) $ Change % Change
[95% Cl] [95% Cl]
Medicare healthcare expenditures
Medical provider 031 4327 36
(0.1)* [1425,7856] [11.8654]
Hospital outpatient -0.02 -97 =21
(0.14) [1180,1327.9] [-25.6,28.8]
Inpatientf 2.7 0.05 922 48
[1.59,4.58]*** (0.12) [3374,6389] [-17.6,334]
Prescribed medicinet 0.88 —-0.07 -76 -6.7
[0.53,1.46] 0.17) [-387,363] [339,31.7]
Othert 2.55 0.39 870 47.2
[1.594.09]* 0.17)% [113.21921] [6.1104.1]
Out-of-pocket healthcare expenditures
Medical provider 0.39 654 47.1
(0.16)* [104,1407] [7.5101.3]
Prescribed medicine -0.02 -10 -23
0.1) [-94,93] [-20.9,20.7]
Other 043 465 53
0.2)* [21,1130] [2.3128.7]
Inpatientf 1.71 -0.54 —1025 -418
[0.97,3.01] (0.35) [—1740,403] [-709,16.4]
Hospital outpatientt 1.05 -0.26 —342 -23
[0.58,1.92] (0.22) [—751,296] [-50.5,19.9]

***P <.001, **.001 <P <.01,*01<P<.05

+ Because a large number of patients did not have expenditures in these categories of expenditures, two-part models, with logistic regressions in the first part
and GLMs with gamma distribution and log link in the second part were used to estimate the adjusted effect of depression

Note: SE, Standard Error

Our study found that depression was associated with
34.5% greater adjusted total healthcare expenditures,
which is consistent with a prior study using 2006—2009
Medical Expenditure Panel Survey data on cancer pa-
tients older than 21 years, where the percent increase as-
sociated with depression in total expenditures was about
30% [11]. In terms of service subtypes of total healthcare
expenditures, depression was associated with greater ad-
justed medical provider and other services expenditures
(459 and 50.1%, respectively). Also, depression was
associated with higher likelihood of inpatient services
use (AOR =2.94). These findings confirm that depres-
sion is correlated with excess healthcare expenditures
and utilization for elderly cancer patients, and the higher
costs are concentrated on certain services.

When stratified by payers, depression was associated
with 43.8% greater adjusted Medicare healthcare expen-
ditures, which is higher than a previous paper (about
30%) about elderly prostate cancer patients from the
Medicare perspective [13]. The lower rate identified in
that study may be explained by methodology, as the
researchers only focused on prostate cancer while the
current study included two more cancer types, which
may have more influence on the expenditures. When
diving deeper into the subtypes, significant findings were

found in medical provider, inpatient and other services,
suggesting that, as with total healthcare expenditures,
the excess is mainly attributable to certain services.
From the patients’ perspective, depression was associ-
ated with 32.9% higher OOP expenditures. The OOP ex-
penditures did not include premiums since premiums
are separated from actual spending [16].. When expendi-
tures on different service types were analyzed, significant
findings were found for medical provider and other ser-
vices. These findings stress that the excess financial bur-
den of depression is not only placed on the healthcare
system but also on the patients themselves, indicating
that comorbid depression can aggravate the personal
financial burden that cancer patients already face.
Subtype analyses from three aspects (i.e., total [all
payers], Medicare and OOP expenditures) all highlighted
higher expenditures in the category of medical provider
services for elderly cancer patients with depression. In
terms of total and Medicare analyses, depression was
associated with increased inpatient services use. These
results are consistent with previous studies irrespective
of cancer diagnosis. For example, two studies of cancer
patients using military and Medicare populations dem-
onstrated that cancer patients with depression had more
hospitalizations [10, 13]. Also, depression is associated
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with increased risk of hospitalization in patients with
heart failure [33].

It is noteworthy that the estimated expenditures from
our study can also contribute to the evaluations of
depression-relevant interventions for this population, be-
cause the estimates can be applied in cost-effectiveness
studies of interventions addressing depression for elderly
cancer patients: the reduction of depression related health-
care cost would partially offset the intervention costs.

Since cancer patients with depression incurred sub-
stantially higher healthcare utilization and expenditures
from payers’ and patients’ perspectives than their coun-
terparts without depression, it is important to manage
and treat depression effectively in cancer patients, which
can improve health outcomes and potentially reduce
healthcare expenditures. It is possible that depression
treatment can contribute to higher short-term expendi-
tures (e.g., psychotherapy, psychotropic medications); for
long-term outcomes, depression treatment may decrease
the expenditures. There has been some research examin-
ing how depression treatment affect short-term expendi-
tures but very few studies have examined whether
depression treatment has an impact on reducing expen-
ditures in the long-term. Although a study demonstrated
that depression treatment (antidepressants, psychother-
apy and both) increased healthcare expenditures for eld-
erly breast, colorectal and prostate cancer patients from
Medicare’s perspective in the short term but had no ef-
fect on long-term expenditures, the study follow-up
period of two years after depression diagnosis may not
have been long enough [34]. Encouragingly, a recent
study demonstrated a relationship between short-term
reduction in costs (i.e.the healthcare charges from one
year of cancer diagnosis) and increased mental health
visits to treat depression for cancer patients with major
depressive disorder [35]. Additionally, studies about pa-
tients with other co-occurring chronic conditions and
depression have shown positive results in reducing costs
with depression treatment in both short term and long
term. For instance, a study about patients with comorbid
conditions and type 2 diabetes mellitus along with
depression showed that depression treatment (antide-
pressants, psychotherapy and both) decreased healthcare
expenditures significantly during 12 month period after
depression diagnosis [23]. Another study focusing on
patients with depression and diabetes showed reduced
trends for 5-year mean total medical expenditures when
comparing depression collaborative care and usual care
[36]. Future research needs to examine whether depres-
sion treatment in elderly cancer patients can lower
healthcare expenditures, especially in the long run, from
payers’ and patients’ perspectives; the depression treat-
ment modalities best suited for this often-vulnerable
population need to be elucidated.
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This study has many strengths. It makes a significant
contribution to the existing literature by estimating the
healthcare expenditures associated with depression in
the elderly cancer population from payers’ and patients’
perspectives. Also, by examining multiple expenditure
categories, our results detail where the excess economic
burden of depression originated from in our study co-
hort. Additionally, because MCBS data links survey to
Medicare fee-for-service claims, this study adjusted for a
comprehensive list of independent variables, including
patient-level health factors that are generally not avail-
able in claims data, such as functional status, general
health status and personal health practices. Moreover,
this study captured complete healthcare expenditures in-
cluding both Medicare and non-Medicare expenditures.

There are some limitations associated with the data
and study design. Firstly, some information such as
OOP payments are based on self-report, which may be
subject to recall bias. However, MCBS data is an estab-
lished principle source for assessing OOP cost for Medi-
care beneficiaries, which is a reliable resource for this
study [16]. Moreover, MCBS includes measures to
minimize recall bias: for example, the respondents are
requested to take their facilitating records of all their
healthcare events to the interviews. Secondly, this study
is an observational retrospective cohort study, which
may have unmeasured confounding factors that cannot
be controlled for; thus the results cannot imply caus-
ation. Thirdly, the study sample was restricted to fee-
for-service Medicare beneficiaries and the results may
not be generalizable to other Medicare beneficiaries.
Fourthly, the data lacked some information that may
also affect healthcare services and expenditures such as
severity of cancer [37],severity of comorbid conditions
[38] and cognitive status [39]. Fifthly, this study only
included breast, lung, and prostate cancer patients,
therefore the results may not be generalized to other
cancer types.

This study has many important and unprecedented
implications. To our best knowledge, it is the first study
to provide a national estimate of depression prevalence
in elderly patients with breast, lung, and prostate cancer,
which are the three most common cancer types in the
US, and the excess healthcare cost and utilization bur-
den associated with depression for this population. This
study adds to our understanding of the notable eco-
nomic burden imposed by depression on cancer patients.
Additionally, our findings reveal the psychological needs
of many elderly cancer patients and their associated
higher expenditures; the data may stimulate interest
among many stakeholders including policy makers, clini-
cians, patients and their families. Also, the findings along
with some previous study results [40, 41] highlight the
importance of effective depression screening, diagnosis,
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treatment and management. In terms of screening and
diagnosis, specific screening/diagnostic criteria need to
be implemented with standardized instruments validated
in elderly cancer patients with depression. In terms of
depression treatment and management, future research
needs to examine whether depression treatment in eld-
erly cancer patients can lower healthcare expenditures,
especially in the long run, from payers” and patients’ per-
spectives. Additionally, as recommended by other studies
[41-45], integrated collaborative care treatment models
need to be emphasized to monitor and treat depression
in this vulnerable population, and other depression
treatment modalities suited for this population need to
be elucidated.

Conclusions

In this sample of elderly breast, lung and prostate cancer
patients, patients with depression incurred significantly
higher healthcare expenditures from payers’ and pa-
tients” perspectives and across different expenditure
types. These findings provide compelling evidence for
policy makers and clinicians to improve depression
screening, diagnosis and treatment in geriatric oncology.

Abbreviations

AOR: Adjusted odds ratios; BMI: Body mass index; Cls: Confidence intervals;
FPL: Federal poverty level; GE: Greater than or equal to; GLM: Generalized
linear models; LT: Less than; MCBS: Medicare Current Beneficiary Survey;
Rx: Prescription coverage; SE: Standard Error; Wt%: Weighted percentage

Acknowledgements
We thank Gary Deyter for editorial assistance.
This research article is adapted from a part of Dr. Dian Gu's dissertation [28].

Authors’ contributions

DG analyzed the data and drafted the manuscript. DG, in collaboration with
RM, RL, EW, and CS planned and conducted the study. DG and CS
participated in the revision of the manuscript. All authors read and approved
the final manuscript.

Funding
No funding used for this study preparation.

Availability of data and materials

The data source used for this study is Medicare Current Beneficiary Survey
(MCBS) linked with Medicare claims. It is available upon request from the
MCBS program.

Ethics approval and consent to participate

MCBS is de-identified and the authors have obtained the permission to use
it. This study received IRB-exemption status from University of Texas MD An-
derson Cancer Center.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

1Department of Health Services Research, University of Texas M. D. Anderson
Cancer Center, 1400 Pressler St, Unit 1444, Houston, TX TX 77030, USA.
“Division of Management, Policy and Community Health, University of Texas
School of Public Health, Houston, TX, USA. *Division of Biostatistics, University

Page 9 of 10

of Texas School of Public Health, Houston, TX, USA. “Division of Outcomes
Research and Quality, Department of Surgery, College of Medicine,
Pennsylvania State University, Hershey, PA, USA.

Received: 17 September 2019 Accepted: 3 March 2020
Published online: 23 March 2020

References

1. Patten SB, Beck CA, Kassam A, Williams JV, Barbui C, Metz LM. Long-term
medical conditions and major depression: strength of association for
specific conditions in the general population. Can J Psychiatry. 2005;50(4):
195-202.

2. Polsky D, Doshi JA, Marcus S, Oslin D, Rothbard A, Thomas N, et al. Long-
term risk for depressive symptoms after a medical diagnosis. Arch Intern
Med. 2005;165(11):1260-6.

3. Krebber A, Buffart L, Kleijn G, Riepma |, De Bree R, Leemans C, et al.
Prevalence of depression in cancer patients: a meta-analysis of diagnostic
interviews and self-report instruments. Psycho-Oncology. 2014;23(2):121-30.

4. Pinquart M, Duberstein PR. Depression and cancer mortality: a meta-
analysis. Psychol Med. 2010;40(11):1797-810.

5. Brown LF, Kroenke K, Theobald DE, Wu J, Tu W. The association of
depression and anxiety with health-related quality of life in cancer patients
with depression and/or pain. Psycho-oncology. 2010;19(7):734-41.

6. DiMatteo MR, Haskard-Zolnierek KB. Impact of depression on treatment
adherence and survival from cancer. In: Kissane DW, Maj M, Sartorius N, eds.
depression and cancer. Chichester: Wiley; 2010. p. 101-24.

7. Bluethmann SM, Mariotto AB, Rowland JH. Anticipating the "silver tsunami":
prevalence trajectories and comorbidity burden among older Cancer
survivors in the United States. Cancer Epidemiol Biomarkers Prev. 2016;25(7):
1029-36.

8. Katon WJ, Lin E, Russo J, Unutzer J. Increased medical costs of a population-
based sample of depressed elderly patients. Arch Gen Psychiatry. 2003;60(9):
897-903.

9. Unutzer J, Patrick DL, Simon G, Grembowski D, Walker E, Rutter C, et al.
Depressive symptoms and the cost of health services in HMO patients aged
65 years and older. A 4-year prospective study. JAMA. 1997,277(20):1618-23.

10. Jeffery DD, Linton A. The impact of depression as a cancer comorbidity:
rates, health care utilization, and associated costs. Commun Oncol. 2012;
7(9):216-21.

11, Pan X, Sambamoorthi U. Health care expenditures associated with depression
in adults with cancer. J Commun Support Oncol. 2015;13(7):240-7.

12. Mausbach BT, Yeung P, Bos T, Irwin SA. Health care costs of depression in
patients diagnosed with cancer. Psycho-Oncology. 2018;27(7):1735-41.

13. Jayadevappa R, Malkowicz SB, Chhatre S, Johnson JC, Gallo JJ. The burden
of depression in prostate cancer. Psycho-oncology. 2012;21(12):1338-45.

14.  Centers for Medicare&Medicaid Service. Medicare Current Beneficiary Survey
related f. Available at: https://www.cms.gov/MCBS. Accessed Dec, 2017.

15. Weiner MG, Livshits A, Carozzoni C, McMenamin E, Gibson G, Loren AW,
et al. editors. Derivation of malignancy status from ICD-9 codes. AMIA
annual symposium proceedings; 2003: American Medical Informatics
Association.

16.  Davidoff AJ, Erten M, Shaffer T, Shoemaker JS, Zuckerman IH, Pandya N,
et al. Out-of-pocket health care expenditure burden for Medicare
beneficiaries with cancer. Cancer. 2013;119(6):1257-65.

17. Bambauer KZ, Safran DG, Ross-Degnan D, Zhang F, Adams AS, Gurwitz J,
et al. Depression and cost-related medication nonadherence in Medicare
beneficiaries. Arch Gen Psychiatry. 2007,64(5):602-8.

18. Li C, Dick AW, Fiscella K, Conwell Y, Friedman B. Effect of usual source of
care on depression among Medicare beneficiaries: an application of a
simultaneous-equations model. Health Serv Res. 2011,46(4):1059-81.

19. Mitchell A. Are one or two simple questions sufficient to detect depression
in cancer and palliative care? A Bayesian meta-analysis. Br J Cancer. 2008;
98(12):1934-43.

20. US. Bureau of Labor Statistics. Consumer Price Index Detailed Report Tables.
2017. http://www.bls.gov/cpi/cpid05av.pdf. Accessed 10 Dec 2017.

21, Andersen RM. Revisiting the behavioral model and access to medical care:
does it matter? J Health Soc Behav. 1995;36(1):1-10.

22, Centers for Disease Control and Prevention. About Adult BMI. 2018. http://
www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/indexhtml. Accessed
12 Feb 2018.


http://www.bls.gov/cpi/cpid05av.pdf
http://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/index.html
http://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/index.html

Gu et al. BMC Psychiatry (2020) 20:131

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Bhattacharya R, Shen C, Wachholtz AB, Dwibedi N, Sambamoorthi U.
Depression treatment decreases healthcare expenditures among working
age patients with comorbid conditions and type 2 diabetes mellitus along
with newly-diagnosed depression. BMC Psychiatry. 2016;16(1):247.

Shen C, Shah N, Findley PA, Sambamoorthi U. Depression treatment and
short-term healthcare expenditures among elderly Medicare beneficiaries
with chronic physical conditions. J Negat Results Biomed. 2013;12(1):15.
Treanor C, Donnelly M. An international review of the patterns and
determinants of health service utilisation by adult cancer survivors. BMC
Health Serv Res. 2012:12(1):316.

Centers for Medicare & Medicaid Service. User Guide Medicare Current
Beneficiary Survey 2013, public usefile. 2018. http://download.cms.gov/
Research-Statistics-Data-and-Systems/Downloadable-Public-Use-Files/MCBS-
Public-Use-File/downloads/2013atcpufuserguide.pdf. Accessed 1 Feb 2018.
Manning WG, Mullahy J. Estimating log models: to transform or not to
transform? J Health Econ. 2001,20(4):461-94.

Gu D, "ADDITIONAL HEALTHCARE EXPENDITURES OF DEPRESSION FOR
ELDERLY CANCER PATIENTS WITH DEPRESSION" (2019). UT School of Public
Health Dissertations (Open Access) 56.

Passik SD, Dugan W, McDonald MV, Rosenfeld B, Theobald DE, Edgerton S.
Oncologists' recognition of depression in their patients with cancer. J Clin
Oncol. 1998;16(4):1594-600.

Newell S, Sanson-Fisher RW, Girgis A, Bonaventura A. How well do medical
oncologists' perceptions reflect their patients' reported physical and
psychosocial problems? Data from a survey of five oncologists. Cancer.
1998;83(8):1640-51.

Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, et al.
Development and validation of a geriatric depression screening scale: a
preliminary report. J Psychiatr Res. 1982;17(1):37-49.

Weinberger MI, Roth AJ, Nelson CJ. Untangling the complexities of
depression diagnosis in older cancer patients. Oncologist. 2009;14(1):60-6.
Moraska AR, Chamberlain AM, Shah ND, Vickers KS, Rummans TA, Dunlay
SM, et al. Depression, healthcare utilization, and death in heart failure: a
community study. Circ Heart Fail. 2013;6(3):387-94.

Alwhaibi M, Madhavan S, Bias T, Kelly K, Walkup J, Sambamoorthi U.
Depression Treatment Among Elderly Medicare Beneficiaries With Incident
Cases of Cancer and Newly Diagnosed Depression. Psychiatr Serv. 2017;
68(5):482-9.

Mausbach BT, Bos T, Irwin SA. Mental health treatment dose and annual
healthcare costs in patients with cancer and major depressive disorder.
Health Psychol. 2018;37(11):1035.

Katon WJ, Russo JE, Von Korff M, Lin EH, Ludman E, Ciechanowski PS. Long-
term effects on medical costs of improving depression outcomes in
patients with depression and diabetes. Diabetes Care. 2008;31(6):1155-9.
Sun L, Legood R, dos-Santos-Silva |, Gaiha SM, Sadique Z. Global treatment
costs of breast cancer by stage: a systematic review. PloS One. 2018;13(11):
€0207993.

Rim SH, Guy GP Jr, Yabroff KR, McGraw KA, Ekwueme DU. The impact of
chronic conditions on the economic burden of cancer survivorship: a

systematic review. Expert Rev Pharmacoecon Outcomes Res. 2016;16(5):579-89.

Johnston KJ, Wen H, Hockenberry JM, Maddox KEJ. Association between
patient cognitive and functional status and Medicare total annual cost of
care: implications for value-based payment. JAMA Intern Med. 2018;178(11):
1489-97.

Gallo JJ, Morales KH, Bogner HR, Raue PJ, Zee J, Bruce ML, et al. Long term
effect of depression care management on mortality in older adults: follow-
up of cluster randomized clinical trial in primary care. BMJ. 2013;346:2570.
Bruce ML, Ten Have TR, Reynolds CF Ill, Katz I, Schulberg HC, Mulsant BH,
et al. Reducing suicidal ideation and depressive symptoms in depressed
older primary care patients: a randomized controlled trial. JAMA. 2004;
291(9):1081-91.

Li M, Kennedy EB, Byrne N, Gérin-Lajoie C, Katz MR, Keshavarz H, et al.
Management of depression in patients with cancer: a clinical practice
guideline. J Oncol Pract. 2016;12(8):747-56.

Sharpe M, Walker J, Hansen CH, Martin P, Symeonides S, Gourley C, et al.
Integrated collaborative care for comorbid major depression in patients
with cancer (SMaRT Oncology-2): a multicentre randomised controlled
effectiveness trial. Lancet. 2014;384(9948):1099-108.

Duarte A, Walker J, Walker S, Richardson G, Hansen CH, Martin P, et al. Cost-
effectiveness of integrated collaborative care for comorbid major
depression in patients with cancer. J Psychosom Res. 2015;79(6):465-70.

Page 10 of 10

45, Untzer J, Katon W, Callahan CM, Williams JW Jr, Hunkeler E, Harpole L,
et al. Collaborative care management of late-life depression in the primary
care setting: a randomized controlled trial. JAMA. 2002,288(22):2836-45.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



http://download.cms.gov/Research-Statistics-Data-and-Systems/Downloadable-Public-Use-Files/MCBS-Public-Use-File/downloads/2013atcpufuserguide.pdf
http://download.cms.gov/Research-Statistics-Data-and-Systems/Downloadable-Public-Use-Files/MCBS-Public-Use-File/downloads/2013atcpufuserguide.pdf
http://download.cms.gov/Research-Statistics-Data-and-Systems/Downloadable-Public-Use-Files/MCBS-Public-Use-File/downloads/2013atcpufuserguide.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Data source
	Ascertainment of study cohort
	Identification of depression
	Dependent variables
	Other independent variables
	Statistical analyses

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

