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BACKGROUND: Approximately 20% of patients with ath-
erosclerotic cardiovascular disease (ASCVD) suffer from
depression.
OBJECTIVE: To compare healthcare expenditures and
utilization, healthcare-related quality of life, and patient-
centered outcomes among ASCVD patients, based on
their risk for depression (among those without depres-
sion), and those with depression (vs. risk-stratified non-
depressed).
DESIGN AND SETTING: The 2004–2015 Medical Expen-
diture Panel Survey (MEPS) was used for this study.
PARTICIPANTS: Adults ≥ 18 years with a diagnosis of
ASCVD, ascertained by ICD-9 codes and/or self-
reported data. Individuals with a diagnosis of depression
were identified by ICD-9 code 311. Participants were
stratified by depression risk, based on the Patient Health
Questionnaire-2.
RESULTS: A total of 19,840 participants were includ-
ed, translating into 18.3 million US adults, of which
8.6% (≈ 1.3 million US adults) had a high risk for
depression and 18% had a clinical diagnosis of
depressi
on. Among ASCVD patients without depression, those
with a high risk (compared with low risk) had in-
creased overall and out-of-pocket expenditures (mar-
ginal differences of $2880 and $287, respectively,
both p < 0.001), higher odds for resource utilization,
and worse patient experience and healthcare quality
of life (HQoL). Furthermore, compared with individ-
uals who had depression, participants at high risk
also reported worse HQoL and had higher odds of

poor perception of their health status (OR 1.83, 95%
CI [1.50, 2.23]) and poor patient-provider communi-
cation (OR 1.29 [1.18, 1.42]).
LIMITATION: The sample population includes self-
reported diagnosis of ASCVD; therefore, the risk of under-
estimation of the cohort size cannot be ruled out.
CONCLUSION: Almost 1 in 10 individuals with ASCVD
without diagnosis of depression is at high risk for it and
has worse health outcomes compared with those who
already have a diagnosis of depression. Early recognition
and treatment of depression may increase healthcare ef-
ficiency, positive patient experience, and HQoL among
this vulnerable population.
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INTRODUCTION

Cardiovascular disease is the leading cause of mortality and a
major contributor to healthcare expenditure in the USA.1, 2

Approximately 20% of patients with atherosclerotic cardio-
vascular disease (ASCVD) suffer from depression.3 Currently,
these two conditions are the most common causes of disability
in high-income countries and projected to become so for all
countries by 2030.3 Evidence suggests that depression is a risk
marker for cardiovascular disease and associated with worse
health outcomes.3–7 Depression remains underdiagnosed and
undertreated especially among ASCVD patients, who have a
high morbidity and mortality risk even in the absence of major
depression.8, 9 Despite efforts to explain the link between
depression and cardiovascular outcomes, to date, the exact
mechanisms that account for this relationship are unknown.10,
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11 In addition to the ongoing focus on the mechanistic associ-
ation between cardiovascular disease and depression, there is
need to incorporate a more clinical and patient-centered ap-
proach to promote improved recognition of depression, par-
ticularly among the ASCVD population, to enhance
healthcare efficiency, healthcare-related quality of life
(HQoL), and health outcomes.
In a nationally representative US adult population, we com-

pared patient healthcare experience, HQoL, resource utiliza-
tion, and expenditures among non-depressed ASCVD pa-
tients, based on their risk for depression. Additionally, we
compared health outcomes between ASCVD patients with
and without a clinical diagnosis of depression, stratified by
their risk for depression. We hypothesized that among non-
depressed adults with ASCVD, those with high risk for de-
pression would have increased healthcare expenditures and
poorer healthcare quality compared with those at low risk.

METHODS

Study Design and Sampling

A retrospective analysis was performed using data from the
Medical Expenditure Panel Survey (MEPS) from 2004 to
2015. MEPS, created and administered by the Agency for
Healthcare Research and Quality (AHRQ), is a nationally
representative series of surveys of noninstitutionalized US
individuals and families, their health service providers, and
employers. TheHousehold Component ofMEPS (MEPS-HC)
collects data about health services used, associated charges,
amount paid, and sources of payment. In MEPS, detailed
information about participants’ income, employment, and in-
surance status is available.12 Their responses are reported
annually, and the AHRQ researchers assign person-weight
and variance estimation stratum to each respondent based on
survey non-response and the characteristics of the national
population of the survey year. This allows national represen-
tativeness of the MEPS data12 (for detailed information on
MEPS, see Supplementary Online Brief: eMethods).
To increase the power of the study, we included infor-

mation from 2004 to 2015; two different yearly files from
MEPS-HC were utilized for this study: full-year consoli-
dated data files and medical conditions files which we
merged to provide detailed information for each partici-
pant. The full-year consolidated data files include most
demographic characteristics and information such as
healthcare resource expenditures and utilization per per-
son; including hospitalizations, emergency department
(ED) visits, and outpatient clinic/office-based visits. The
medical conditions files include participants’ self-reported
and International Classification of Diseases, 9th Edition,
Clinical Modification (ICD-9-CM) diagnoses of disease
conditions. Since MEPS is comprised of publicly available
de-identified data files, it was exempt from Institutional
Review Board review.13

Study Population

The inclusion criteria included individuals ≥ 18 years of age,
with a diagnosis of ASCVD, positive sampling weights (for
national representativeness), and non-missing data on patient
healthcare experience variables or depression diagnosis. The
initial sample consisted of 19,840 surveyed individuals (Sup-
plementary Online Brief: eFigure 1).
Individuals in the study sample who had a diagnosis

of coronary artery disease (CAD), stroke, and/or periph-
eral artery disease (PAD), ascertained by self-report or
ICD-9-CM codes, were classified as having ASCVD.
Individuals with an ICD-9-CM code of 311 were clas-
sified as having depression (Supplementary Online
Brief: eMethods and eTable 1a.). The definitions for
ASCVD and depression have been used in prior litera-
ture.1, 14, 15 Individuals without a diagnosis of depres-
sion were further categorized by their risk of depression
(detailed below).
Depression Risk Scale. Risk for depression was assessed via
the Patient Health Questionnaire-2. This scale, which ranges
from 0 to 6, was initially validated by Kroenke et al. and
consists of the following questions: (1) During the past two
weeks, bothered by having little interest or pleasure in doing
things, and (2)During the past two weeks, bothered by feeling
down, depressed, or hopeless.16 The responses were provided
on 4-point Likert scale: 0—not at all, 1—several days,
2—more than half the days, and 3—nearly every day. MEPS
provides a summary variable from the two questions from the
questionnaire; the higher the value, the greater the person’s
tendency towards depression. Kroenke et al. suggest a score of
3 as the optimal cutoff point for screening purposes, with a
score of ≥ 4 improving the specificity of the screener for
depression16 (for further information on Depression Risk
Scale, see Supplementary Online Brief: eMethods and
eTable 1b). Based on this recommendation, this variable was
dichotomized into the following categories: “Low Risk for
Depression” (scores ≥ 0 to ≤ 3) or “High Risk for Depression”
(scores ≥ 4 to ≤ 6), with the screening protocol shown in
Figure 1.16 It is important to note that this tool is intended as
a screening method for depression and it does not translate to a
clinical diagnosis of depression.

Outcome Variables
Patient-Provider Communication and Patient Satisfaction.
Each year, MEPS participants respond to questionnaires
assessing patient-provider communication (PPC) derived from
the Consumer Assessment of Healthcare Providers and Sys-
tems (CAHPS) survey. After constructing a summary variable
for PPC values, we classified it into the following categories:
“Poor PPC,” “Average PPC,” and “Optimal PPC” (for further
information on PPC, see Supplementary Online Brief:
eMethods and eTable 1b.).
Patient satisfaction was assessed via the answer to the

following question: “Rate of healthcare from all doctors
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and other health providers,” from 0 (worst healthcare
possible) to 10 (best healthcare possible). To capture un-
satisfied individuals, this variable was divided into quar-
tiles (due to the skewness of individuals’ responses), with
those in the lowest quartile being designated as having
“Poor Patient Satisfaction.”17–19

Healthcare Expenditures and Resource Utilization. At the
interview, participants were asked to report their annual direct
medical expenditures on every health services used and/or
prescription medication filled in the year. The sum of all
expenditures was calculated for each person and reported as
total healthcare expenditure. The sources of payment and the
respective amounts contributed were also ascertained. An
excess of two ED visits and two hospitalizations was used as
markers for increased resource utilization as they were above
the 95th utilization percentile in our study population. All
expenditures were adjusted using the gross domestic product
(GDP) deflator to adjust annual expenditures from 2004 to
2015 to constant 2015 US dollars (for further information on
healthcare expenditure and resource utilization, see Supple-
mentary Online Brief: eMethods).

Healthcare-Related Quality of Life and Self-perceived
Health Status. Health-related quality of life was assessed
using the summary scores from the physical and mental health
component (PCS and MCS, respectively) from the 12-item
Short Form (12-SF) version 2 included in the MEPS. The PCS
and MCS scores ranged from 0 (worst health status possible)
to 100 (best health status possible) and was treated as a
continuous variable. The 12-SF has been previously validated
for its use in the MEPS.20

Self-perceived general health was surveyed at three differ-
ent points each year, with the following possible responses
provided on 5-point Likert scale: 1—excellent, 2—very good,
3—good, 4—fair, and 5—poor. We averaged the responses to
estimate a yearly self-perceived health estimate, which was
then dichotomized into the following categories: “Poor” (av-
erage score of 5) or “Excellent/Good/Fair” (average score ≤ 4).
All other covariates included in the analyses are detailed in
Supplementary Online Brief: eMethods.

Statistical Analysis

All analyses accounted for the complex design of the MEPS
survey, with a p < 0.05 as a marker for statistical significance.
We used Stata®, version 13.1 (StataCorp, LP, College Station,
TX, USA) to conduct all analyses. Chi-square tests were
performed for comparison of demographic characteristics in
our sample.21 Because of the right skewness of expenditure
data (i.e., most expenditures are seen in only a small propor-
tion of the population), two-part models were utilized to study
expenditures.22 Two-part models are often used to model
healthcare expenditures and are the product of (1) the proba-
bility that any given individual had any expenditures and (2)
their mean expenditures.23, 24 We determined the distribution
of the glm using the modified Park Test.25 Total and marginal
expenditures were estimated using the “margins” command
after the two-part models.23 Adjusted regression was used as a
method of association and two-way t tests were used to com-
pare means from our outcomes (expenditures, resource utili-
zation, healthcare-related quality of life, and patient healthcare
experience) between our study groups (ASCVD, depression,
and risk of depression among those without it). The adjusted
model included age, sex, race/ethnicity, socioeconomic status,

Figure 1 Multiple choice PHQ-2 depression screening protocol in patients with cardiovascular disease. PHQ, patient health questionnaire.
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cardiovascular risk factor (CRF) profile, region, marital status,
and modified Charlson Comorbidity Index (CCI). The specific
covariates included are outlined in the Supplementary Online
Brief: eMethods. Since CRF profile gives a summary of a
person’s number of cardiovascular risk factors (regardless of
ASCVD status), we included it in our adjusted analyses since
individuals with suboptimal CRF profiles have been associat-
ed with worse outcomes overall.

RESULTS

Sample Characteristics

From 2004 to 2015, MEPS integrated 417,769 surveyed
individuals, among whom 19,840 met the inclusion
criteria for our study, translating to an approximate 18.3
million US adults with ASCVD. General sample

characteristics are presented in Table 1. Over 1800
(representing about 1.3 million individuals nationwide)
non-depressed ASCVD participants were at a high risk
for depression. Approximately 18% of the study popula-
tion had a diagnosis of depression, translating to 3.3
million individuals in the USA. Among patients with
depression, most individuals were non-Hispanic White,
middle-aged women, with an average-poor cardiovascular
risk factor profile, with a combination of private and
public insurance, with a low modified CCI, and living
in the South (Table 1).

Non-depression: Low Risk Versus High Risk

Among ASCVD patients without depression, individuals
with a high risk consistently showed worse outcomes
across all categories of healthcare expense and quality
(Table 2 and Supplementary Online Brief: eTable2).

Table 1 Characteristics in Adults with ASCVD, by Depression Status and Risk, from the Medical Expenditure Panel Survey, 2004–2015

Low risk for depression High risk for depression Depression p value

Sample (N) 14,333 1803 3704
Weighted sample 13,645,657 1,287,869 3,341,910
Sex, n (weighted %) < 0.001
Female 6848 (43.9) 960 (51.0) 2354 (60.2)
Male 7485 (56.1) 843 (49.0) 1350 (39.8)

Age category, n (weighted %) 0.007
18–39 605 (3.4) 88 (4.6) 168 (3.8)
40–64 5218 (34.1) 844 (43.4) 1967 (48.8)
65–74 3884 (27.8) 366 (19.8) 821 (23.9)
75 and above 4626 (34.7) 505 (32.2) 748 (23.5)

Race/ethnicity, n (weighted %) 0.01
Non-Hispanic White 8781 (78.3) 866 (67.7) 2400 (79.5)
Non-Hispanic Black 2796 (10.1) 422 (14.0) 574 (8.1)
Non-Hispanic Asian 555 (2.6) 63 (2.7) 45 (0.8)
Hispanic 1867 (6.9) 401 (12.8) 565 (8.3)
Non-Hispanic other 334 (2.1) 51 (2.7) 120 (3.3)

CRF profile, n (weighted %) 0.02
Optimal 1921 (14.1) 176 (10.2) 292 (8.3)
Average 7072 (50.6) 770 (45.6) 1567 (44.2)
Poor 5340 (35.3) 857 (44.2) 1845 (47.6)

Family income, n (weighted %) 0.002
Poor/near poor 3641 (16.8) 779 (33.7) 1370 (27.3)
Low income 2374 (15.4) 406 (24.0) 652 (17.3)
Middle income 4124 (29.9) 420 (26.1) 977 (29.2)
High income 4194 (37.9) 198 (16.3) 705 (26.2)

Health insurance type, n (weighted %) 0.009
Uninsured 709 (3.7) 144 (7.5) 230 (5.1)
Medicaid 843 (3.7) 273 (11.0) 550 (10.3)
Private 3187 (24.3) 210 (14.1) 641 (20.1)
Medicare 3230 (23.1) 370 (21.8) 682 (19.8)
Combination private + public 6364 (45.2) 806 (45.7) 1601 (44.7)

Marital status, n (weighted %) 0.002
Married 7823 (59.6) 841 (50.2) 1579 (46.6)
Widowed 2930 (19.4) 360 (21.4) 728 (19.6)
Divorced 2028 (12.8) 318 (15.6) 819 (21.1)
Separated 374 (1.7) 87 (3.6) 195 (3.8)
Never married 1176 (6.6) 197 (9.2) 383 (8.8)

Region, n (weighted %) 0.05
Northeast 2430 (19.2) 251 (17.2) 552 (16.3)
Midwest 3170 (23.5) 300 (18.5) 859 (23.7)
South 5975 (39.2) 915 (47.7) 1527 (38.8)
West 2758 (18.1) 337 (16.6) 766 (21.3)

Modified Charlson Comorbidity Index, n (weighted %) 0.02
0 10,546 (73.1) 1134 (62.8) 2227 (60.9)
1 2401 (16.5) 452 (25.3) 1042 (27.1)
≥ 2 1386 (10.4) 217 (11.9) 435 (12.0)

ASCVD, atherosclerotic cardiovascular disease; CRF, cardiovascular risk factor
Modified Charlson Comorbidity Index: without cardiovascular components
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Those at high risk for depression presented increased
overall and out-of-pocket (OOP) expenditures (marginal
differences of $2880 and $287, respectively, both
p < 0.001), when compared with individuals at low risk
for depression. In a similar fashion, those at high risk for
depression demonstrated increased odds for high
healthcare utilization: ED visits (OR 2.25 [95% CI
1.62, 3.13]) and hospitalizations (OR 2.78 [95% CI
1.72, 4.45]) in multivariate analyses. Individuals at high
risk also reported lower HQoL estimates, with a mean
difference of − 9.75 (95% CI − 10.42, − 9.07) in PCS and
− 19.69 (95% CI − 20.53, − 18.86) in MCS when com-
pared with patients who had low risk for depression.
Overall, individuals at high risk for depression had
higher odds of poor perceived health status (OR 5.52
[95% CI 4.29, 7.11]), poor PPC (OR 2.41 [95% CI
1.71, 3.41]), and poor patient satisfaction (OR 3.94
[95% CI 1.45, 10.69]) (Table 2). As a sensitivity analy-
sis, using a cutoff score of ≥ 3 to indicate high risk for
depression, the direction and magnitude of the results
remained the same (Supplementary Online Brief:
eTable 3).

Depression Versus Non-depression—by Risk

Individuals with ASCVD and a clinical diagnosis of depres-
sion had an increased marginal healthcare expenditure and
resource utilization, lower healthcare-related quality of life,
poorer perception of health status, and worse patient experi-
ence when compared with those without depression, regard-
less of risk. These differences persisted even after adjustments
for possible confounders (Supplementary Online Brief:
eTable 4).
To gauge the relationship between non-depressed, high-risk

individuals and those with depression, we utilized the same
analyses using individuals with depression as our reference.
Healthcare expenditures and resource utilization poised virtu-
ally no differences among patients with depression versus

those at high risk for depression, except for ED visits which
showed 13% higher odds of utilization among non-depressed
ASCVD patients at high risk for depression when compared
with ASCVD patients with a diagnosis of depression (OR 1.13
[95%CI 1.05, 1.21]) (Table 3). Individuals without depression
and at high risk presented worse HQoL estimates with a mean
difference of − 4.65 (95% CI − 5.35, − 3.95) in PCS and −
8.03 (95% CI − 9.21, − 6.86) in MCS when compared with
those with depression. Additionally, those at high risk for
depression had higher odds of poor perceived health status
(OR 1.83 [95% CI 1.50, 2.23]) and poor PPC (OR 1.29 [95%
CI 1.18, 1.42]) than those with depression (Table 3). When we
compared the individual components of the PPCmetrics, non-
depressed ASCVD patients at a high risk for depression had
higher odds of reporting poor experience in all 4 aspects of
communication with their healthcare providers when com-
pared with those with depression (Supplementary Online
Brief: eTable 5). When compared against those with depres-
sion, individuals with a low risk for depression had better
healthcare outcomes across the board (Table 3).

DISCUSSION

In a cohort of 19,840 participants (representing approximately
18.3 million US adults with ASCVD), we found that among
individuals without a clinical diagnosis of depression, those at
a high risk for it have a significantly higher rate of health
resources utilization, have increased annual healthcare expen-
ditures, were more likely to report poor healthcare experience,
and have a poor perception of their health status and a lower
HQoL, when compared with those at a low risk for depression.
This result is further strengthened by the fact that the 12-SF is
a thoroughly vetted tool for assessing HQoL inMEPS and has
been used widely in past literature.1, 7, 20, 26–30 Furthermore,
this study has distinct implications as it shows that ASCVD
patients without a clinical diagnosis of depression but are at a
high risk for it were more likely to report poorer health

Table 2 Marginal Expenditures, Resource Utilization, and Patient-Reported Outcomes Among Adults with ASCVD and No Depression, by
Depression Risk, from the Medical Expenditure Panel Survey, 2004–2015

Variables Low risk for depression High risk for depression p value

Expenditures and resource utilization
Marginal healthcare expenditures (expenditure (95% CI)) Reference $2876 (2574, 3177) < 0.001
Marginal OOP healthcare expenditures (expenditure (95% CI)) Reference $286 (270, 303) < 0.001
> 2 ED visits (OR (95% CI)) Reference 2.25 (1.61, 3.16) 0.009
> 2 hospitalizations (OR (95% CI)) Reference 2.77 (1.74, 4.43) 0.01

Healthcare-related quality of life
SF-12 PCS (unadjusted mean difference (95% CI)) Reference − 9.75 (− 10.42, − 9.07) 0.001
SF-12 MCS (unadjusted mean difference (95% CI)) Reference − 19.69 (− 20.53, − 18.86) < 0.001
Poor Perceived Health Status (OR (95% CI)) Reference 5.52 (4.28, 7.12) 0.001

Patient healthcare experience
Poor patient-provider communication (OR (95% CI)) Reference 2.41 (1.72, 3.39) 0.008
Poor patient satisfaction (OR (95% CI)) Reference 2.10 (1.64, 2.71) 0.006

ASCVD, atherosclerotic cardiovascular disease; CI, confidence intervals; OOP, out-of-pocket; ED, emergency department; OR, odds ratio; SF-12, 12-
item Short Form; PCS, physical component score; MCS, mental component score
Logistic regression adjusted for age, CV risk factors, sex, socioeconomic status, race/ethnicity, marital status, region, and modified Charlson
Comorbidity Index (without CV components)
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outcomes when compared with those who already have a
diagnosis of depression.

Non-depressed ASCVD Patients: Low Risk
Versus High Risk

The relationship between depression and adverse health out-
comes appears to be graded among ASCVD patients; more
severe depression is associated with an increased risk of worse
health outcomes, including hospitalizations and all-cause mor-
tality.3, 31 Although a causal relationship between depression
and ASCVD is still a topic of research, depression is one of the
major determinants of quality of life and thus deserves prompt
recognition and early treatment to promote more favorable
health outcomes.3 Studies evaluating the effect of depression
screening on cardiovascular health outcomes are largely un-
available,32 although a call to action has increased in the last
decade.9, 33, 34

Depression has been associated with an increase in health
resource utilization and healthcare expenditure among hyper-
tensive and diabetic patients.15, 35 We also report excess re-
source utilization and healthcare expenditure among ASCVD
patients with a diagnosis of depression, but we further showed
that even without the clinical diagnosis of depression, ASCVD
patients at a high risk for it spend more on healthcare and use
more health resources when compared with those at a low risk
for depression. It is possible that these increased expenditures
and resource utilization may be due to the self-perception of
their health status as being poor, thus adversely affecting the
health-seeking behavior of these individuals. Individuals with
ASCVD at high risk for depression may be less likely to
comply with recommended secondary prevention measures
(i.e., lifestyle changes and pharmacotherapy), which drives
up cost and reduces quality. Alternatively, these patients at
high risk for depression may be undiagnosed depressed

patients, hence the excess medical and financial burden
resulting from the possible deleterious effects of depression
on cardiovascular outcomes. Although a cause-effect relation-
ship between depression risk and increased financial burden
was not demonstrated, these findings are in line with those
from a recent study by Annapureddy et al. which showed an
association between increasing financial burden and high risk
for depression.7

Poor communication between patients and their healthcare
providers has been associated with adverse health outcomes
among ASCVD patients.1 It has also been suggested that
depression is associated with lower patient satisfaction and
quality of life.36, 37 We showed that ASCVD patients at a high
risk for depression were less likely to communicate effectively
or be satisfied with their healthcare providers. They also had a
lower HQoL when compared with ASCVD patients at low
risk for depression. It would be reasonable to consider that
these high-risk patients might have had concurrent depressive
symptoms which may have affected their interaction with their
healthcare providers or its assessment, their perception of their
physical and mental health status, and ultimately their quality
of life.

ASCVD Patients: Depressed Versus Non-
depressed Based on Risk for Depression

Similar to our findings, overall, depression among cardiovas-
cular patients has been associated with worse health outcomes
when compared with non-depressed patients.25, 33, 38 The
exact mechanism behind this association is unknown but some
behavioral and biological factors are thought to play a role in
the adverse health outcomes seen among depressed cardiovas-
cular patients.39, 40 In fact, there is evidence that suggests that
the risk of one condition increases with the other, in a bidirec-
tional manner.8 Also, depression can directly influence the

Table 3 Marginal Expenditures, Resource Utilization, and Patient-Reported Outcomes Among Adults with ASCVD, by Depression Status and
Risk, from the Medical Expenditure Panel Survey, 2004–2015

Variables Low risk for
depression (1)

High risk for
depression (2)

Depression
(3)

p value
(1 vs. 3)

p value
(2 vs. 3)

Expenditures and resource utilization
Marginal healthcare expenditures

(expenditure (95% CI))
$− 3931 (− 4589, − 3273) $− 865 (− 1828, 136) Reference < 0.001 0.07

Marginal OOP healthcare expenditures
(expenditure (95% CI))

$− 385 (− 545, − 225) $− 73 (− 228, 83) Reference < 0.001 0.34

> 2 ED visits OR (95% CI)) 0.50 (0.39, 0.64) 1.15 (1.07, 1.22) Reference 0.007 0.01
> 2 hospitalizations (OR (95% CI)) 0.45 (0.29, 0.70) 1.27 (0.53, 3.04) Reference 0.02 0.36

Healthcare-related quality of life
SF-12 PCS (unadjusted mean difference (95% CI)) 5.10 (4.98, 5.23) − 4.65 (− 5.35, − 3.95) Reference < 0.001 0.006
SF-12 MCS (unadjusted mean difference

(95% CI))
11.66 (11.32, 12.00) − 8.03 (− 9.21, − 6.86) Reference < 0.001 0.006

Poor perceived health status (OR (95% CI)) 0.33 (0.32, 0.35) 1.82 (1.46, 2.26) Reference < 0.001 0.007
Patient healthcare experience
Poor patient-provider communication

(OR (95% CI))
0.55 (0.43, 0.72) 1.31 (1.20, 1.42) Reference 0.01 0.006

Poor patient satisfaction (OR (95% CI)) 0.67 (0.47, 0.96) 1.41 (1.22, 1.65) Reference 0.04 0.01

ASCVD, atherosclerotic cardiovascular disease; CI, confidence intervals; OOP, out-of-pocket; ED, emergency department; OR, odds ratio; SF-12, 12-
item Short Form; PCS, physical component score; MCS, mental component score
Logistic regression adjusted for age, CV risk factors, sex, socioeconomic status, race/ethnicity, marital status, region, and modified Charlson
Comorbidity Index (without CV components)
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quality of life of an individual; therefore, the economic impli-
cation of this diagnosis especially among cardiovascular pa-
tients may be a major contributing factor to the worse health
outcomes seen among these individuals. However, our study
reveals that non-depressed ASCVD patients at a high risk for
depression were even worse off compared with ASCVD pa-
tients with a clinical diagnosis of depression; they had a higher
odds of poor patient experience, poor perception of their
health status, more health resource utilization, and lower
HQoL. One logical explanation for this finding is that ASCVD
patients with a diagnosis of depression are most probably on
treatment and are therefore more likely to have more positive
patient-reported health outcomes. Conversely, non-depressed
ASCVD patients at high risk for depression could be undiag-
nosed and untreated patients with depression in actuality, who
may have less access to healthcare or are less willing to discuss
their depressive symptoms with their healthcare provider,
consequently associated with adverse health outcomes.
From a patient-centered approach, this calls for more ag-

gressive depression screening among these vulnerable indi-
viduals,33, 41, 42 especially as we found no differences in health
spending between high-risk non-depressed individuals and
those with a clinical diagnosis of depression. The implemen-
tation of more assertive screening efforts comes in a timely
fashion; a national survey of cardiovascular physicians found
that half did not know that depression was an independent
cardiovascular risk factor, 70% asked less than half their
patients with CAD about depression, and 80% used no stan-
dard screening method.43

Limitations

Our study is not without limitations. Data from the MEPS
was collected among noninstitutionalized civilian US
adults, so the results obtained from this study can only be
extrapolated to this population. Since MEPS has a cross-
sectional design, we cannot establish causality between
depression and adverse health outcomes among ASCVD
patients. Furthermore, as an observational study, even after
adjusting for known confounders, the risk for residual
confounding from factors, such as severity of depression
and type and intensity of treatment, could not be complete-
ly eliminated. Also, our sample population includes self-
reported diagnosis of ASCVD and strict inclusion criteria,
for which the risk of underestimation of the cohort size (or
its impact on patient experience) cannot be ruled out. In
addition, with the utilization of self-reported and/or ICD-9
diagnoses, there is a possibility of misclassification bias.
However, using these classification parameters, the MEPS’
prevalence of ASCVD is very similar to that reported by
the AHA (≈ 9% in the USA), as seen in past literature,1, 2,
44 making this type of bias very unlikely. Lastly, since there
is no standardized definition for the matrices of PPC and
patient satisfaction, we may not have accounted for some
of the factors that influence patient experience.

Conclusion

It is estimated that 1 in 5 patients with ASCVD has depression,
and our results complement current knowledge by pointing
out that almost 1 in 10 individuals with ASCVD and no
diagnosis of depression is at high risk for it, with worse health
outcomes when compared with those who already have a
diagnosis of depression. Early recognition and treatment of
depression may improve health outcomes among individuals
with ASCVD and are therefore worthy of further studies and
discussion. We anticipate that these results could provide
support for more aggressive screening strategies for depres-
sion among ASCVD patients such as reinforcing routine
screening for depression during clinic visits. The results gen-
erated from this study should stimulate policy-makers and
other stakeholders to explore this as a target for quality im-
provement interventions.
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