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Economic Impact of Subsequent Depression in Patients With a New
Diagnosis of Stable Angina: A Population-Based Study

Natalie Szpakowski, MD; Feng Qiu, MSc; Shannon Masih, MSc, MPH; Paul Kurdyak, MD, PhD; Harindra C. Wijeysundera, MD, PhD

Background—Depression is strongly linked to increased morbidity and mortality in patients with chronic stable angina; however,
its associated healthcare costs have been less well studied. Our objective was to identify the characteristics of chronic stable
patients found to have depression and to determine the impact of an occurrence of depression on healthcare costs within 1 year of
a diagnosis of stable angina.

Methods and Results—In this population-based study conducted in Ontario, Canada, we identified patients diagnosed with stable
angina based on angiogram between October 1, 2008, and September 30, 2013. Depression was ascertained by physician billing
codes and hospital admission diagnostic codes contained within administrative databases. The primary outcome was cumulative
mean 1-year healthcare costs following index angiogram. Generalized linear models were developed with a logarithmic link and y
distribution to determine predictors of cost. Our cohort included 22 917 patients with chronic stable angina. Patients with
depression had significantly higher mean 1-year healthcare costs ($32 072+$41 963) than patients without depression
($23 021+$25 741). After adjustment for baseline comorbidities, depression was found to be a significant independent predictor
of cost, with a cost ratio of 1.33 (95% confidence interval, 1.29—1.37). Higher costs in depressed patients were seen in all
healthcare sectors, including acute and ambulatory care.

Conclusions—Depression is an important driver of healthcare costs in patients following a diagnosis of chronic stable angina.
Further research is needed to understand whether improvements in the approach to diagnosis and treatment of depression will
translate to reduced expenditures in this population. (/ Am Heart Assoc. 2017;6:e006911. DOI: 10.1161/JAHA.117.006911.)
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C oronary artery disease (CAD) poses a major public health
and economic burden globally. In Canada, the yearly
estimate for direct medical costs related to cardiovascular
diseases was $11.7 billion in 2008." CAD also incurs an
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indirect economic impact due to disability, lost work produc-
tivity, and premature mortality.? Cumulatively, these figures
are expected to grow with the rise in prevalence of CAD
related to the aging population.®

To develop efficient strategies that will improve outcomes
and reduce expenditures, it is important to understand drivers
of cost among patients with CAD. Depression is a frequent
comorbidity in patients with chronic diseases and is known to
magnify healthcare costs.* Among patients with CAD,
depression is the most common psychiatric disorder.’
Depression is present in =~20% of patients with CAD and is
an independent risk factor for adverse outcomes, including
cardiac events and mortality.® The exact nature of this
relationship is unclear but is likely related to certain
behavioral and physiological characteristics of depressed
patients.” In the setting of myocardial infarction, depression
has been shown to increase healthcare utilization related to
higher hospital readmission rates, longer length of stay,
and more frequent ambulatory care and emergency room
visits.®'? Similarly, this relationship has been observed in
depressed patients with coronary artery bypass grafting
(CABG)'® and congestive heart failure.
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Clinical Perspective

What Is New?

* An occurrence of depression within 1 year of a diagnosis of
chronic stable angina is a significant driver of mean 1-year
healthcare costs.

* Among patients with chronic stable angina, depression is
associated with increased costs in nearly all healthcare
sectors, not only mental health services.

What Are the Clinical Implications?

* Depression has important economic consequences in
patients with chronic stable angina.

Higher costs in both acute and ambulatory care are seen in
depressed patients.

Additional research is needed to determine whether inter-
ventions such as screening for depression will lessen
healthcare utilization in this group of patients.

In comparison, there is a paucity of data on the pattern of
healthcare use and cost in patients with chronic stable angina
and depression; studies to date have been small'>'® and
conducted in primary care settings.'” Chronic stable angina
constitutes the most prevalent form of CAD,? and depression
also negatively affects morbidity and mortality in this large
group of patients.’® A more comprehensive understanding of
how healthcare costs in stable angina patients are affected by
a diagnosis of depression is a necessary step toward
improving care and cost containment in this population.
Accordingly, to address this gap in knowledge, the aim of our
study was to identify the characteristics of chronic stable
patients found to have depression and evaluate the healthcare
costs associated with the occurrence of depression within
1 year of a new diagnosis of chronic stable angina.

Methods

This study was approved by the institutional research ethics
board at Sunnybrook Health Sciences Center, Toronto,
Canada. The need for patient consent was exempted under
Ontario’s Personal Health Information Protection Act (the
province’s legislation regarding privacy of health information).

Data Sources

This retrospective cohort study was conducted using popu-
lation-based databases in Ontario, Canada, where 13.6 mil-
lion residents receive universal medical coverage funded by a
single third-party payer, the Ministry of Health and Long Term
Care. Data were obtained from a clinical registry that is
maintained by the Cardiac Care Network of Ontario (CCN).

CCN includes a network of 19 hospitals in Ontario that
perform cardiac procedures, such as angiography, percuta-
neous coronary intervention, and CABG.'*?° Demographics,
comorbidities, cardiac stress testing, and coronary anatomy
are among the details collected by the CCN Cardiac Registry
on patients who have undergone cardiac procedures. The
accuracy of this registry has been assessed through retro-
spective chart review.?"?2

Linkage of CCN Cardiac Registry data to population-based
administrative databases at the Institute for Clinical Evaluative
Sciences (ICES) was performed using unique encoded iden-
tifiers to protect patient confidentiality. The administrative
databases that were utilized in this study included the Ontario
Health Insurance Plan (OHIP) Claims Database, the Registered
Persons Database (RPDB), the Canadian Institute for Health
Information Discharge Abstract Database (CIHI-DAD), the
National Ambulatory Care Reporting System (NACRS), the
ICES Physician Database (IPDB), the Ontario Mental Health
Reporting System (OMHRS), and the Ontario Drug Benefit
(ODB) Claims Database. All physician service claims, which
include diagnostic codes and dates of service, are captured by
OHIP. The RPDB contains vital statistics information for all
Ontario residents and was used to determine mortality.
Clinical information regarding discharges from acute and
chronic inpatient hospitalizations was obtained from CIHI-
DAD, and information from emergency department records
was obtained from NACRS. The IPDB reports physician
demographics and specialization. Data on hospitalizations
for mental illness are contained within the OMHRS database.
Persons aged >65 years receive full coverage for prescription
medications from the ODB program, and drug claims infor-
mation with reliable dispensing records is found within the
ODB database.

Cohort Selection

Our cohort consisted of Ontario residents aged >20 years
who underwent an index angiogram between October 1,
2008, and September 30, 2013, for the investigation of stable
angina and were found to have obstructive CAD, defined as
having any stenosis >70% in >1 epicardial vessel or any
stenosis >50% in the left main coronary artery.?>?* Patients
who presented with acute coronary syndrome or who had a
prior history of CAD (previous myocardial infarction, acute
coronary syndrome, percutaneous coronary intervention, or
CABG) were excluded. Patients were followed from the date of
their index angiogram for up to 1 year. If a patient underwent
>1 angiogram during the study period, only the first was
considered for the purposes of eligibility and inclusion in the
cohort. We excluded patients who experienced depression
during the 3 years preceding the start date of accrual for the
cohort.
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Definition of Depression

Patients were identified as having an occurrence of depres-
sion if they were diagnosed by a medical professional or were
hospitalized for depression within 1 year of their index
angiogram (October 1, 2008, to September 30, 2013). The
diagnostic codes from physician service claims (OHIP) that
were used included reactive depression (300) and depressive
or other nonpsychotic disorder not classified elsewhere (311).
The occurrence of depression was also identified using the
International Classification of Diseases, 10th Revision diag-
nostic codes obtained from in-hospital and emergency
department visits from CIHI-DAD and NACRS, respectively
(see Table S1). The validity of these codes has not been
assessed by retrospective chart audits; however, they have
been used in studies examining depression with administra-
tive data.?>?” The Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition codes for a single (296.20-0.26) or
recurrent (296.30-0.36) episode of major depressive disorder
from OMHRS were also used to identify depressed patients.
Of note, any codes associated with bipolar disorder were
excluded. If information regarding the same hospitalization for
depression was obtained from both OMHRS and CIHI-DAD,
this was considered a single hospitalization in the statistical
analyses.

Healthcare Costs

The primary outcome was the total aggregate 1-year health-
care costs per patient following the index angiogram. Cost
estimations to account for censored data were not required
because the full cohort had complete cost data available from
the 1-year time period or until death. Healthcare expenditures
were divided broadly into 5 sectors: acute inpatient care,
chronic care, outpatient care, physician costs, and prescrip-
tion medication use. The acute inpatient care sector included
costs related to inpatient hospitalizations and inpatient
mental health care. The chronic care sector included costs
related to long-term care, rehabilitation, home care services,
and complex continuing care. In Ontario, complex continuing
care programs manage medically complex inpatients who
have medical and nursing care needs that cannot be met in
the community or in long-term care. Outpatient care referred
to the costs of outpatient clinic visits, emergency department
visits, same-day surgery, laboratory testing, and dialysis. Last,
physician costs consisted of expenditures associated with
fee-for-service visits and physician capitation and were
discrete from costs associated with the categories of
inpatient, outpatient, and chronic care. Cost related to
prescription medication use was available only for patients
aged >65 years, given that only this age group has full drug
coverage in Ontario.

We determined costs associated with physician visits and
laboratory tests using data from the claims history of the
OHIP database.?® This database also includes shadow billings
from providers of organizations covered by alternative
payment arrangements. We estimated the cost of hospital
admission using the resource intensity weights method.?’ In
brief, resource intensity weights is a measure of how much
resources were utilized during a patient’s encounter with the
healthcare system. We multiplied the resource intensity
weights associated with the case-mix group for each hospital
admission in the CIHI-DAD by the average provincial cost per
weighted case for all Ontario acute and chronic care hospitals
for that year.?’ This method yields a mean cost per hospital
admission for cases assigned to a particular case-mix group
category. We used a similar resource intensity weights
method to determine the costs for emergency department
visits and same day surgeries, both obtained from the NACRS
database. We adjusted costs to 2013 Canadian dollars using
the consumer price index.

Statistical Analyses

Differences in baseline characteristics between patients with
and without depression during the first year following index
angiogram were compared using the t test for continuous
variables and the y? test for categorical variables. Mean (SD)
and median (interquartile range) costs with respect to each
healthcare sector were compared between these 2 groups
using the t test and the Kruskal-Wallis test, respectively. For
these analyses, P<0.05 was considered the threshold for
significance.

Healthcare cost data have several distinct features that are
important to consider in modeling, including their highly
skewed distribution due to a very small proportion of patients
with large costs.®® Consequently, we used generalized linear
models with a logarithmic link consistent with the previous
literature.®"*? A logarithmic link was used to ensure nonneg-
ative values for predicted costs. The final coefficient was
exponentiated to obtain a rate ratio, referred to as a cost ratio
(CR), which represents the percentage change in mean cost
relative to the referent group. To determine the most
appropriate distribution family, we conducted a modified Park
test, which recommended a vy distribution to account for the
skewed distribution of our cost data. Models included a
random effect for hospitals to account for clustering of
patients at each of the hospitals reported within the CCN
Cardiac Registry. Models were adjusted for patient-, physi-
cian-, and hospital-level variables; because these models were
explanatory, all clinically relevant variables were included. As
a sensitivity analysis, we excluded costs associated with
prescription drug use, which were available only for patients
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aged >65 years. SAS version 9.3 (SAS Institute Inc) was used
for all data analyses.

Results
Cohort

During the period of interest, 272 250 coronary angiograms
were performed for the investigation of stable angina. Roughly
12.7% of individuals (n=8067) were excluded from the cohort
because of a diagnosis of depression within the past 3 years.
Our final cohort consisted of 22 917 patients diagnosed with
stable angina based on angiographic findings consistent with

obstructive CAD (Figure 1). Of these patients, 1961 (8.6%)
patients were diagnosed with depression within 1 year of
angiogram. The mean and median time to occurrence of
depression following angiogram was 145 days (SD: 108 days)
and 126 days, respectively. There was no significant differ-
ence in the overall mortality rate among depressed and
nondepressed patients within 1 year of diagnosis of stable
angina (2.35% versus 2.02%, respectively).

Table 1 shows the association between baseline character-
istics of the cohort and depression status within 1 year of
catheterization. There were several notable differences between
patients with and without depression during the first year
following angiogram. A greater proportion of patients with

Coronary angiograms with
referral reason of CAD and
valid health care number from
Oct 1% 2008 to Sept 30™ 2013

n=272250

Excluded:
ACS (134 602)

Restricted to stable angina and
obstructive CAD on angiogram

A4

Nonobstructive CAD (62 992)
Waiting location not at home (11 517)

n=63139
Excluded:
Age <20 (1)
_ Previous PCl or CABG (23 462)
" Multiple records (1 491)
v Previous MI (7 201)
History of depression (8 067)
Final cohort
n=22917
v v
No depression within 1 year of Depression within 1 year of
angiogram angiogram
n=20956 n=1961

Figure 1. Cohort selection using the Cardiac Care Network registry. ACS indicates acute coronary syndrome; CABG, coronary artery bypass
grafting; CAD, coronary artery disease; Ml, myocardial infarction; and PCI, percutaneous coronary intervention.
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Table 1. Baseline Characteristics of the Cohort According to Diagnosis of Depression Within 1 Year of Catheterization

Total

No Depression Within

Depression Within

Covariates (N=22 917) 1 Year (n=20 956) 1 Year (n=1961) P Value
Patient-level factors
Demographics
Age, y (mean+SD) 65.6+10.2 65.7+£10.1 65.0+£10.7 0.007
Female 5280 (23.0) 4738 (22.6) 542 (27.6) <0.001
Rural 3363 (14.7) 3145 (15.0) 218 (11.1) <0.001
Income*
1 3919 (17.1) 3530 (16.8) 389 (19.8) 0.006
2 4595 (20.1) 4211 (20.1) 384 (19.6)
3 4779 (20.9) 4362 (20.8) 47 (21.3)
4 4812 (21.0) 4412 (21.1) 400 (20.4)
5 4698 (20.5) 4332 (20.7) 366 (18.7)
Medical comorbidities
Renal 480 (2.1) 440 (2.1) 40 (2.0) 0.86
dysfunction
PVD 1526 (6.7) 1379 (6.6) 147 (7.5) 0.12
COPD 1194 (5.2) 1078 (5.1) 116 (5.9) 0.14
Previous stroke 241 (1.1) 211 (1.0) 30 (1.5) 0.03
Malignancy 587 (2.6) 534 (2.5) 53 (2.7) 0.68
Charlson score 0.34+0.91 0.33+0.91 0.39+0.95 0.008
(mean+SD)
Charlson score >0 3913 (17.1) 3531 (16.8) 382 (19.5) 0.003
Cardiac risk factors
Diabetes mellitus 9426 (41.1) 8593 (41.0) 833 (42.5) 0.21
Hypertension 19 070 (83.2) 17 415 (83.1) 1655 (84.4) 0.14
Hyperlipidemia 17 157 (74.9) 15 667 (74.9) 1490 (76.0) 0.23
Smoking
Former smoker 6501 (28.4) 5951 (28.4) 550 (28.0) 0.74
Current smoker 4829 (21.1) 4394 (21.0) 435 (22.2) 0.21
CCS angina class
0 4228 (18.4) 3862 (18.4) 366 (18.7) 0.17
1 3768 (16.4) 3428 (16.4) 340 (17.3)
2 9382 (40.9) 8599 (41.0) 783 (39.9)
3 5238 (22.9) 4802 (22.9) 436 (22.2)
4 301 (1.3) 265 (1.3) 36 (1.8)
Cardiac status/testing
LV Function
>50% 12 769 (55.7) 11 611 (55.4) 1158 (59.1) 0.01
35-49% 1688 (7.4) 1546 (7.4) 142 (7.2)
20-34% 534 (2.3) 487 (2.3) 47 (2.4)
<20% 144 (0.6) 128 (0.6) 16 (0.8)
NA 7782 (34.0) 7184 (34.3) 598 (30.5)
Continued
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Table 1. Continued

Total No Depression Within Depression Within
Covariates (N=22 917) 1 Year (n=20 956) 1 Year (n=1961) P Value

Exercise ECG risk
Low risk 5821 (25.4) 5349 (25.5) 472 (24.1) 0.02
High risk 7478 (32.6) 6876 (32.8) 602 (30.7)
Uninterpretable 1141 (5.0) 1042 (5.0) 99 (5.0)
NA 8477 (37.0) 7689 (36.7) 788 (40.2)

Functional imaging risk
Low risk 5745 (25.1) 5221 (24.9) 524 (26.7) 0.20
High risk 7850 (34.3) 7199 (34.4) 651 (33.2)
Unknown 9322 (40.7) 8536 (40.7) 786 (40.1)

Native stenosis’
LM 2707 (11.8) 2452 (11.7) 255 (13.0) 0.09
Proximal LAD 6958 (30.4) 6371 (30.4) 587 (29.9) 0.67
Mid/distal LAD 11 803 (51.5) 10 766 (51.4) 1037 (52.9) 0.20
Circumflex 11 123 (48.5) 10 138 (48.4) 985 (50.2) 0.12
RCA 13 063 (57.0) 11 918 (56.9) 1145 (58.4) 0.19

Treatment within 90 d
CABG 6741 (29.4) 6039 (28.8) 702 (35.8) <0.001
MED 6415 (28.0) 5918 (28.2) 497 (25.3)
PCI 9761 (42.6) 8999 (42.9) 762 (38.9)

Hospital-level factors

Availability
Cath, PCI, and CABG 16 908 (73.8) 15 498 (74.0) 1410 (71.9) 0.13
Cath only 3467 (15.1) 3153 (15.0) 314 (16.0)
Cath and PCI only 2542 (11.1) 2305 (11.0) 237 (12.1)

Physician-level factors
Referring physician
Cardiology 12 849 (56.1) 11 771 (56.2) 1078 (55.0) 0.46
GP/FP 5611 (24.5) 5109 (24.4) 502 (25.6)
Other 4457 (19.4) 4076 (19.5) 381 (19.4)

Physician performing cath
PCI physician 10 965 (47.8) 10 074 (48.1) 891 (45.4) 0.03

Data are shown as n (%) except as noted. CABG indicates coronary artery bypass grafting; Cath, catheterization; CCS, Canadian Cardiovascular Society; COPD, chronic obstructive
pulmonary disease; GP/FP, general practitioner/family physician; LAD, left anterior descending; LM, left main; LV, left ventricular; MED, medical therapy; NA, not done or missing; PCI,
percutaneous coronary intervention; PVD, peripheral vascular disease; RCA, right coronary artery

*Income quintile: 1, lowest; 5, highest.
TSignificant stenosis >70%, except >50% stenosis significant for LM.

depression were female, resided in urban areas, and had an
income in the lowest quintile. Compared with nondepressed
patients, depressed patients had a higher mean Carlson
comorbidity index, indicating a greater number of comorbidities,
and a higher rate of previous stroke. With respect to other
patient-level factors, more patients with depression within 1 year
of index catheterization had a left ventricular ejection fraction
>50% and underwent CABG as an initial treatment strategy. Last,

fewer patients with depression underwent catheterization by a
percutaneous coronary intervention physician.

Healthcare Costs

Healthcare service sectors and their corresponding costs
according to diagnosis of depression during the first year
following angiogram are shown in Figure 2 and Table S2. The
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Figure 2. Mean 1-year healthcare sector costs according to diagnosis of depression within 1 year of catheterization. ED indicates emergency

department.

mean cumulative 1-year healthcare cost was substantially
greater for patients with depression ($32 072+$41 963)
than for patients without depression ($23 021£$25 741,
P<0.001). Depressed patients had higher mean 1-year costs
across nearly all healthcare sectors, including acute inpatient
care, chronic care, outpatient care, physician costs, and
medications.

For the cohort as a whole, acute inpatient care represented
the largest contributor to the aggregate 1-year cost. In this
sector, mean costs related to acute hospitalizations and
inpatient mental health care were significantly greater for
patients with depression compared with patients without
depression. In the chronic care sector, average costs related
to long-term care, rehabilitation, complex continuing care, and
home care services were all significantly higher for depressed
patients. In the outpatient care sector, costs associated with
outpatient clinics, emergency department visits, and laboratory
services were significantly higher for patients with depression,
but there was no difference in terms of average dialysis and
same-day surgery costs compared with nondepressed patients.
Expenditures related to fee-for-service visits and medication
prescriptions were significantly higher for depressed patients.

Table 2 shows the unadjusted and adjusted CRs of 1-year
cumulative healthcare costs within 1 year of index angiogram.
A diagnosis of depression was a statistically significant
predictor of increased healthcare expenditures, with an
adjusted CR of 1.33 (95% confidence interval [CI], 1.29—
1.37; P<0.001). This CR corresponds to a mean 33% increase
in 1-year healthcare costs in patients with depression
compared with nondepressed patients. There was no

statistically significant relationship between healthcare costs
and female sex or rurality; however, greater income was
associated with lower healthcare expenditures. Other signif-
icant drivers of cumulative 1-year cost included a greater
number of comorbidities denoted by the Charlson score
(adjusted CR: 1.15; 95% Cl, 1.14—1.17; P<0.001), as well as
peripheral vascular disease (CR: 1.18; 95% CI, 1.14-1.22;
P<0.001) and chronic obstructive pulmonary disease (CR:
1.08; 95% Cl, 1.04—1.13; P<0.001). Previous stroke (CR: 0.87;
95% Cl, 0.80—-0.95; P=0.002) and malignancy (CR: 0.93; 95%
Cl, 0.87-0.99; P=0.023) were associated with lower cumu-
lative 1-year healthcare expenditures. Cardiac risk factors that
were significant predictors of increased healthcare expendi-
tures were diabetes mellitus (CR: 1.11; 95% CI, 1.09-1.13;
P<0.001) and hypertension (CR: 1.07; 95% CI, 1.04-1.10;
P<0.001), whereas hyperlipidemia (CR: 0.96; 95% Cl 0.94—
0.98; P<0.001) was associated with lower costs. More severe
angina symptoms (Canadian Cardiovascular Society class 4)
were associated with reduced healthcare costs, whereas
worse left ventricular function and stenosis in any of the
major coronary vessels were associated with higher 1-year
mean costs. One-year costs were significantly greater for
patients with CABG (CR: 2.54; 95% Cl, 2.48-2.61; P<0.001)
and percutaneous coronary intervention (CR: 1.29; 95% Cl,
1.26—1.32; P<0.001) as the initial treatment strategy com-
pared with medical therapy. Hospital capacity to perform
catheterization, percutaneous coronary intervention, and
CABG was associated with lower costs (CR: 0.89; 95% ClI,
0.82-0.97; P=0.012) compared with hospitals that had the
capacity to perform only catheterization. Finally, 1-year
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Table 2. CRs for Mean 1-Year Healthcare Costs

Covariates Unadjusted CR (95% Cl) P Value Adjusted CR (95% CI) P Value
Depression 1.39 (1.34-1.44) <0.001 1.33 (1.29-1.37) <0.001
within 1y
Patient-level factors
Demographics
Female 0.98 (0.96-1.01) 0.21 1.02 (1.00-1.04) 0.05
Age index 1.01 (1.01-1.02) <0.001 1.01 (1.01-1.01) <0.001
Rural 0.99 (0.96-1.03) 0.7 1.00 (0.98-1.03) 0.93
Income*
1 Referent Referent
2 0.96 (0.93-1.00) 0.04 0.95 (0.92-0.98) <0.001
3 0.93 (0.89-0.96) <0.001 0.94 (0.92-0.97) <0.001
4 0.95 (0.92-0.99) 0.01 0.96 (0.94-0.99) 0.01
5 0.91 (0.87-0.94) <0.001 0.93 (0.91-0.96) <0.001
Medical comorbidities
Renal dysfunction 2.92 (2.71-3.14) <0.001 2.10 (1.96-2.26) <0.001
PVD 1.46 (1.40-1.52) <0.001 1.18 (1.14-1.22) <0.001
COPD 1.24 (1.18-1.30) <0.001 1.08 (1.04-1.13) <0.001
Previous stroke 1.21 (1.09-1.34) <0.001 0.87 (0.80-0.95) 0.002
Malignancy 1.36 (1.27-1.45) <0.001 0.93 (0.87-0.99) 0.023
Comorbidities: 1.23 (1.22-1.25) <0.001 1.15 (1.14-1.17) <0.001
Charlson score
Cardiac risk factors
Diabetes mellitus 1.29 (1.27-1.32) <0.001 1.11 (1.09-1.13) <0.001
Hypertension 1.31 (1.27-1.35) <0.001 1.07 (1.04-1.10) <0.001
Hyperlipidemia 1.04 (1.02-1.07) <0.001 0.96 (0.94-0.98) <0.001
Smoking
Nonsmoker Referent Referent
Former smoker 1.04 (1.01-1.06) 0.008 1 (0.98-1.02) 0.83
Current smoker 0.99 (0.97-1.02) 0.71 1.03 (1-1.05) 0.04
CCS angina class
0 Referent Referent
1 0.86 (0.83-0.89) <0.001 0.91 (0.88-0.94) <0.001
2 0.86 (0.83-0.88) <0.001 0.91 (0.88-0.93) <0.001
3 0.93 (0.90-0.96) <0.001 0.93 (0.90-0.96) <0.001
4 0.87 (0.79-0.96) 0.006 0.86 (0.79-0.93) <0.001
Cardiac status/testing
LV function
>50% Referent Referent
35-49% 1.40 (1.09-1.19) <0.001 1.01 (0.97-1.04) 0.77
20-34% 1.33 (1.24-1.43) <0.001 1.19 (1.12-1.27) <0.001
<20% 1.32 (1.15-1.52) <0.001 1.28 (1.15-1.43) <0.001
NA 0.98 (0.96-1.01) 0.221 0.97 (0.95-0.99) 0.01
Continued
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Table 2. Continued

Covariates Unadjusted CR (95% Cl) P Value Adjusted CR (95% CI) P Value
Exercise ECG risk
Low risk Referent Referent
High risk 1.13 (1.10-1.16) <0.001 0.98 (0.96-1.01) 0.24
Uninterpretable 1.15 (1.09-1.21) <0.001 1.04 (0.99-1.08) 0.12
NA 1.42 (1.28-1.46) <0.001 117 (1.14-1.2) <0.001
Functional imaging risk
Low risk Referent Referent
High risk 1.12 (1.09-1.16) <0.001 1.02 (1.00-1.05) 0.08
Unknown 1.12 (1.09-1.15) <0.001 1.04 (1.02-1.07) 0.002
Native stenosis’
LM 1.68 (1.63-1.74) <0.001 1.14 (1.11-1.17) <0.001
Proximal LAD 1.29 (1.26-1.32) <0.001 1.13 (1.11-1.16) <0.001
Mid/distal LAD 1.20 (1.17-1.23) <0.001 1.11 (1.09-1.13) <0.001
Circumflex 1.38 (1.36-1.41) <0.001 1.13 (1.11-1.19) <0.001
RCA 1.34 (1.31-1.37) <0.001 1.13 (1.11-1.19) <0.001
Treatment within 90 d
MED Referent Referent
CABG 2.42 (2.34-2.49) <0.001 2.54 (2.48-2.61) <0.001
PCI 1.05 (1.03-1.08) <0.001 1.29 (1.26-1.32) <0.001
Hospital-level factors
Availability
Cath only Referent Referent
Cath and PCI only 0.92 (0.85-1.00) 0.043 0.93 (0.84-1.04) 0.18
Cath, PCI, and CABG 0.89 (0.84-0.95) <0.001 0.89 (0.82-0.97) 0.012
Physician-level factors
Referring physician
GP/FP Referent Referent
Cardiology 1.05 (1.02-1.08) <0.001 1.04 (1.02-1.06) 0.001
Other 1.16 (1.12-1.20) <0.001 1.1 (1.07-1.13) <0.001
Physician performing cath
PCI physician 0.96 (0.94-0.98) <0.001 0.97 (0.95-0.99) 0.007

CABG indicates coronary artery bypass grafting; Cath, catheterization; CCS, Canadian Cardiovascular Society; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; CR,
cost ratio; GP/FP, general practitioner/family physician; LAD, left anterior descending; LM, left main; LV, left ventricular; MED, medical therapy; NA, not done or missing; PCI, percutaneous

coronary intervention; PVD, peripheral vascular disease; RCA, right coronary artery
*Income quintile: 1, lowest; 5, highest.
TSignificant stenosis >70%, except >50% stenosis significant for LM.

healthcare costs were lower if the index catheterization (CR:
0.97; 95% CI, 0.95-0.99; P=0.007) was performed by an
interventional cardiologist with subspecialty training in per-
cutaneous coronary intervention. In the sensitivity analysis
that excluded medication costs (Table S3), depression
remained a statistically significant predictor of 1-year cumu-
lative healthcare costs (CR: 1.35; 95% CI, 1.31-1.39;

P<0.001). Other predictors of healthcare costs also remained
statistically significant following the exclusion of drug costs.

Discussion

This population-based study demonstrated that an occurrence
of depression within 1 year of receiving a diagnosis of chronic
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stable angina was associated with an increase in mean
cumulative 1-year healthcare costs. This increase remained
significant after adjusting for other drivers of cost, such as
medical comorbidity and cardiac status. Patients diagnosed
with depression incurred greater expenditures in almost all
healthcare domains, affecting both acute and ambulatory care
including medication costs.

Previous evaluations of the implications of depression for
healthcare costs among patients with cardiovascular disease
have focused predominantly on populations with acute
coronary syndrome, CABG, and heart failure. In contrast, a
few small studies have examined resource utilization associ-
ated with depression in the setting of chronic stable angina
and provided limited data on medical expenditures.” ' The
current study differs in that comprehensive healthcare cost
information and clinical data on chronic stable angina patients
with depression have been captured at a population level. In
particular, this study estimates total and sector-specific
healthcare costs, including an illustration of overall resource
utilization with respect to outpatient and inpatient services.
Our findings underscore the important role of depression in
the pattern of healthcare consumption in CAD patients; this
study demonstrates that receiving a diagnosis of depression
can intensify healthcare expenditures as soon as 1 year
following diagnosis of chronic stable angina.

These results are consistent with previous literature on
resource utilization in the context of depression and chronic
medical illnesses, including cardiovascular diseases. Heart
failure patients with depression, for instance, have been
shown to have a 2-fold greater likelihood of hospitalization
and emergency department visits over a mean follow-up of
1.6 years,'* and following myocardial infarction, depressive
symptoms are associated with a 24% increase in total
hospitalization days during an 18-month follow-up period.’
In our cohort of chronic stable angina patients, mean 1-year
expenditures among individuals diagnosed with depression
within 1 year of angiogram were 33% higher compared with
patients without depressive illness. These higher costs were
related to acute inpatient care services, including acute
hospitalizations and inpatient mental health care, as well as
nonacute healthcare services such as outpatient visits,
rehabilitation, home care services, and medications. This
suggests that depression can have a wide-ranging impact on
healthcare utilization. Given the chronic and recurrent nature
of depression, this cost difference may possibly persist or
diverge even further after a 1-year time period. Indeed,
understanding the drivers of the acute phase following an
occurrence of depression versus those of the chronic phase in
patients with stable angina is the logical next step in future
research in this area.

There are several possible explanations for the propensity
toward higher healthcare costs among patients with

depression and chronic stable angina. Depressed patients
are recognized to have a higher rate of deleterious behaviors
that may have important repercussions on the clinical
trajectory of CAD. These behaviors include lifestyle habits
such as decreased physical activity and tobacco use, as well
as lower adherence to treatments, especially medications.”
Such impairments in self-care may result in adverse effects
over the short and long term, leading to hospital readmissions
and protracted lengths of stay. From a physiological stand-
point, depression may exert various biological effects on the
cardiovascular system including increased sympathetic activ-
ity and platelet adhesion, resulting in a higher risk of cardiac
events that require heightened medical care.” Depressive
illness may also exacerbate somatic symptoms associated
with medical comorbidities, including chronic stable angina,
leading patients to have more contact with their healthcare
providers. In addition, patients with depression may present
to their physicians for complaints specifically related to
mental health.

Given the findings of this study, therapeutic strategies to
attenuate costs associated with depression deserve further
attention. Depression is often underrecognized by clinicians,
and efforts toward improving its detection through screening
may be beneficial. The integration of psychiatric interventions
into cardiovascular care also warrants consideration. Exam-
ples include the participation of mental health professionals in
a multidisciplinary team or involvement in cardiac rehabilita-
tion centers. In such settings, patients may derive benefit
from the support of case managers and psychiatrists who
work alongside medical professionals.

Our study must be interpreted in the context of several
limitations that merit discussion. First, we had medication
costs only for patients aged >65 years, given that full
coverage is available only for this age group. We would
expect, however, that this would bias to the nondepressed
group, given that they had older age. In addition, we lacked
information about nonpharmacological approaches to
depression such as psychotherapy because those are not
captured in the available administrative databases. As such,
we may be underestimating the incremental cost associated
with depression in terms of the full range of therapeutic
options. Second, we allocated patients to the depression
group if they had a diagnosis at any point within 1 year.
Consequently, some of the costs in this group were incurred
before the formal diagnosis of depression and cannot be
attributed to the diagnosis of depression itself. We chose
this study design because our primary research question
studied the impact of depression on 1-year healthcare costs
following an index diagnosis of coronary disease; as such,
this time frame is appropriate for cost evaluation. Further-
more, our study utilizes an observational data set, and as
such, there are baseline covariates that we were not able to

DOI: 10.1161/JAHA.117.006911

Journal of the American Heart Association 10

HDOYVHASHY TVYNIDIYO



Economic Impact of Depression in Stable Angina Szpakowski et al

account for; therefore, we cannot discount residual con-
founding. Finally, we used administrative databases and
diagnostic codes to identify patients with depression,
whereas previous studies have used structured psychiatric
assessment tools. As a result, severity of depression was
not determined, and patients with milder mood disturbances
besides major depressive disorder may have been included
in the cohort; however, this underscores that even poten-
tially milder forms of mood disorders are associated with
increased costs.

In summary, our results demonstrate that the occurrence
of depression within 1 year of diagnosis of chronic stable
angina is a significant independent predictor of mean 1-year
healthcare costs. This trend toward greater healthcare
utilization among depressed patients echoes the findings of
previous work in the area of depression and chronic medical
diseases. The effect of depressive illness on cost permeates
nearly all healthcare domains, including both ambulatory and
hospital-based care, resulting in an overall increase in medical
expenditures. Depression is prevalent and a major driver of
cost among patients with chronic stable angina. At this time,
it is not known whether screening or treatment for depression
improves cardiovascular outcomes and reduces healthcare
consumption in patients with CAD. Further investigations are
warranted to evaluate these aspects of care.
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Table S1. International Classification of Diseases, 101" Revision (ICD-10-CA) codes for

depression

ICD-10-CA Code

Description

F32
F32.0
F32.1
F32.2
F32.3

F32.8
F32.9
F33
F33.0
F33.1

F33.2

F33.3
F33.4

F33.8

F33.9
F34.1
F34.8
F34.9
F38.0
F38.1
F38.8
F39
F41.2

Depressive episode

Mild depressive episode

Moderate depressive episode

Severe depressive episode without psychotic symptoms
Severe depressive episode with psychotic symptoms

Other depressive episodes

Depressive episode, unspecified

Recurrent depressive disorder

Recurrent depressive disorder, current episode mild

Recurrent depressive disorder, current episode moderate

Recurrent depressive disorder, current episode severe without psychotic
symptoms

Recurrent depressive disorder, current episode severe with psychotic
symptoms

Recurrent depressive disorder, currently in remission

Other recurrent depressive disorders

Recurrent depressive disorder, unspecified
Dysthymia

Other persistent mood [affective] disorders
Persistent mood [affective] disorder, unspecified
Other single mood [affective]disorders

Other recurrent mood [affective] disorders
Other specified mood [affective] disorders
Unspecified mood [affective] disorder

Mixed anxiety and depressive disorder



Table S2. Mean 1-year health care sector costs according to diagnosis of depression during first year following index catheterization.

Variables Value Total No Depression within 1 Depression within 1 p-value
(n=22,917) year year
(n=20,956) (n=1,961)

Total Mean + SD 23,796 £ 27,621 23,021 +£ 25,741 32,072 £ 41,963 <.001
Median (IQR) 16,230 (9,059-30,353) 15,744 (8,869-29,900) 25,205 (11,713-36,115) <.001

Acute Inpatient Care

Sectors

Acute Hospitalization Mean = SD 12,098 + 19,723 11,617 + 18,108 17,245 + 31,829 <.001
Median (IQR) 7,346 (0-17,595) 7,346 (0-17,359) 12,762 (1,792-20,977) <.001

Inpatient Mental Health Mean + SD 24 + 1,954 13 +£1,806 138 + 3,126 0.007
Median (IQR) 0 (0-0) 0 (0-0) 0 (0-0) <.001

Chronic Care Sectors

Long-Term Care Mean + SD 32 4+ 884 25 + 833 103 £ 1,310 <.001
Median (IQR) 0 (0-0) 0 (0-0) 0 (0-0) <.001

Rehabilitation Mean + SD 247 + 2,490 206 + 2,185 685 + 4,608 <.001
Median (IQR) 0 (0-0) 0 (0-0) 0 (0-0) <.001

Complex Continuing Care Mean + SD 125 £ 2,851 85+ 2415 545 + 5,696 <.001
Median (IQR) 0 (0-0) 0 (0-0) 0 (0-0) <.001

Home Care Services Mean + SD 402 + 1,692 380 + 1,659 634 + 1,992 <.001
Median (IQR) 0 (0-0) 0 (0-0) 0 (0-274) <.001

Outpatient Care Sectors

Outpatient clinics Mean £+ SD 5,351 +4,112 5,211 + 3,966 6,844 + 5,202 <.001
Median (IQR) 3,893 (2,238-7,953) 3,745 (2,184-7,840) 5,949 (3,044-9,122) <.001



Emergency Department

visits

Same Day Surgery
Laboratory
Dialysis

Physician costs

Fee-for-service visits

Physician capitation

Medications

Mean + SD
Median (IQR)
Mean = SD
Median (IQR)
Mean = SD
Median (IQR)
Mean + SD
Median (IQR)

Mean + SD
Median (IQR)
Mean £+ SD
Median (IQR)
Mean = SD
Median (IQR)

299 + 581
0 (0-387)

2,671 +2,259
2,004 (1,722-3,601)
167 + 169

127 (58-222)

771 £ 7,949

0 (0-0)

5,109 + 3,992
3,668 (2,088-7,684)
146 + 140

65 (32-262)

1,448 + 2,284

905 (0-2,099)

SD = standard deviation, IQR = interquartile range

280 + 549

0 (0-368)

2,671 £ 2,257
2,004 (1,722-3,618)
164 + 167

125 (56-218)

785 + 8,042

0 (0-0)

4,977 + 3,848
3,557 (2,046-7,581)
147 + 141

65 (32-264)

1,426 + 2,258

891 (0-2,076)

502 + 823
172 (0-715)

2,675 + 2,290
2,004 (1,722-3,435)
195 + 187

149 (74-266)

625 + 6,882

0 (0-0)

6,525 + 5,081
5,630 (2,807-8,844)
129 + 135

52 (31-225)

1,679 + 2,531
1,079 (25-2,353)

<.001
<.001
0.91
0.34
<.001
<.001
0.39
0.23

<.001
<.001
<.001
<.001
<.001
<.001



Table S3. Adjusted cost ratios for mean 1-year healthcare costs (with medication costs excluded)

Co-Variates Cost Ratio (95% CI) p-value
Depression within 1 year 1.35(1.31-1.39) <.001
Patient-level Factors
Demographics
Female 1.01 (0.99-1.03) 0.398
Age Index 1.01 (1.01-1.01) <.001
Rural 1 (0.97-1.02) 0.757
Income*
1 Referent
2 0.96 (0.93-0.99) 0.006
3 0.95 (0.93-0.98) 0.003
4 0.98 (0.95-1.01) 0.118
5 0.95 (0.92-0.97) <.001
Medical Comorbidities
Renal dysfunction 2.17 (2.02-2.34) <.001
PVD 1.19 (1.15-1.24) <.001
COPD 1.06 (1.02-1.11) 0.007
Previous stroke 0.86 (0.78-0.94) 0.001
Malignancy 0.93 (0.86-0.99) 0.026
Comorbidites: Charlson score 1.15(1.14-1.17) <.001
Cardiac Risk Factors
Diabetes 1.08 (1.06-1.1) <.001
Hypertension 1.06 (1.03-1.09) <.001
Hyperlipidemia 0.95 (0.93-0.97) <.001
Smoking
Non smoker Referent
Former smoker 1 (0.98-1.02) 0.87
Current smoker 1.02 (1-1.05) 0.074
CCS Angina Class
0 Referent
1 0.91 (0.88-0.94) <.001
2 0.9 (0.87-0.92) <.001
3 0.92 (0.89-0.94) <.001
4 0.84 (0.78-0.92) <.001
Cardiac Status/Testing
LV Function
>=50% Referent
35-49% 1.01 (0.97-1.04) 0.693
20%-34% 1.21 (1.14-1.29) <.001
<20% 1.33 (1.18-1.49) <.001
NA 0.97 (0.95-0.99) 0.011
Exercise ECG Risk
Low risk Referent
High risk 0.98 (0.96-1.01) 0.193



Uninterpretable 1.03 (0.98-1.08) 0.216
NA 1.17 (1.14-1.2) <.001
Functional Imaging Risk
Low risk Referent
High risk 1.02 (1-1.05) 0.091
Unknown 1.05 (1.02-1.08) <.001
Native Stenosist
LM 1.16 (1.12-1.19) <.001
Prox LAD 1.15(1.12-1.17) <.001
Mid/distal LAD 1.12 (1.1-1.15) <.001
Circumflex 1.14 (1.12-1.16) <.001
RCA 1.14 (1.12-1.16) <.001
Treatment within 90 days
MED Referent
CABG 2.69 (2.61-2.76) <.001
PCI 1.31(1.28-1.34) <.001
Hospital-level Factors
Availability
Cath only Referent
Cath and PCI only 0.93 (0.83-1.04) 0.207
Cath, PCI and CABG 0.88 (0.81-0.97) 0.012
Physician-level Factors
Referring Physician
GP/FP Referent
Cardiology 1.04 (1.02-1.06) 0.002
Other 1.1 (1.07-1.13) <.001
Physician performing Cath
PCI physician 0.97 (0.95-0.99) 0.005

CI = confidence interval, COPD = chronic obstructive pulmonary disease, PVD = peripheral vascular
disease, CCS = Canadian Cardiovascular Society, LV = left ventricular, ECG = electrocardiogram,
NA= not done or missing, LM = left main, LAD = left anterior descending, RCA = right coronary
artery, MED = medical therapy, CABG= coronary artery bypass grafting, Cath = catheterization, PCI =
percutaneous coronary intervention, GP/FP = General practitioner/Family physician

* Income quintile: 1=lowest, 5 = highest
tSignificant stenosis 270%, except >50% stenosis significant for LM



