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Abstract

IMPORTANCE A population-based study using validated algorithms to estimate the costs of treating
people with chronic disease with and without mental health disorders is needed.

OBJECTIVE To determine the association of mental health disorders with health care costs among
people with chronic diseases.

DESIGN, SETTING, AND PARTICIPANTS This population-based cohort study in the Canadian
province of Alberta collected data from April 1, 2012, to March 31, 2015, among 991445 adults 18
years and older with a chronic disease (ie, asthma, congestive heart failure, myocardial infarction,
diabetes, epilepsy, hypertension, chronic pulmonary disease, or chronic kidney disease). Data
analysis was conducted from October 2017 to August 2018.

EXPOSURES Mental health disorder (ie, depression, schizophrenia, alcohol use disorder, or drug use
disorder).

MAIN OUTCOMES AND MEASURES Resource use, mean total unadjusted and adjusted 3-year
health care costs, and mean total unadjusted 3-year costs for hospitalization and emergency
department visits for ambulatory care-sensitive conditions.

RESULTS Among 991445 participants, 156 296 (15.8%) had a mental health disorder. Those with no
mental health disorder were older (mean [SD] age, 58.1[17.6] years vs 55.4 [17.0] years; P < .001) and
less likely to be women (50.4% [95% Cl, 50.3%-50.5%] vs 57.7% [95% Cl, 57.4%-58.0%]; P < .001)
than those with mental health disorders. For those with a mental health disorder, mean total 3-year
adjusted costs were $38 250 (95% Cl, $36 476-$39 935), and for those without a mental health
disorder, mean total 3-year adjusted costs were $22 280 (95% Cl, $21780-$22 760). Having a
mental health disorder was associated with significantly higher resource use, including
hospitalization and emergency department visit rates, length of stay, and hospitalization for
ambulatory care-sensitive conditions. Higher resource use by patients with mental health disorders
was not associated with health care presentations owing to chronic diseases compared with patients
without a mental health disorder (chronic disease hospitalization rate per 1000 patient days, 0.1
[95% Cl, 0.11-0.12] vs 0.06 [95% Cl, 0.06-0.06]; P < .001; overall hospitalization rate per 1000
patient days, 0.88 [95% Cl, 0.87-0.88] vs 0.43 [95% Cl, 0.43-0.43]; P < .001).

CONCLUSIONS AND RELEVANCE This study suggests that mental health disorders are associated
with substantially higher resource utilization and health care costs among patients with chronic
diseases. These findings have clinical and health policy implications.
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Key Points

Question Are mental health disorders
associated with health care utilization

and costs among people with chronic

diseases?

Findings In this population-based
cohort study of 991445 Canadian
adults, including 156 296 with a mental
health disorder, 3-year adjusted mean
costs were $38 250 for those with a
mental health disorder and $22 280 for
those without a mental health disorder.
Presence of a mental health disorder
was associated with higher rates of
hospitalization and emergency
department visits, including when
considering only visits associated with
chronic disease and ambulatory care-
sensitive conditions.

Meaning In this study, mental health
disorders were associated with
substantially higher resource utilization
and health care costs in patients with
chronic diseases.
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Introduction

Chronic diseases, such as diabetes, heart disease, and chronic kidney disease, are common,
represent a significant burden for patients and payers,' and are projected to constitute 60% of global
disease burden by 2020.2 Mental health and substance use disorders also contribute significantly to
the global burden of disease. In 2010, mental and substance use disorders represented 7.4% of total
disease burden worldwide, were responsible for more of the global burden than HIV/AIDS,
tuberculosis, or diabetes, and were the leading global cause of all nonfatal burden of disease.>

There is a recognized association between mental and physical health. For example, mortality
in cancer, diabetes, and following a heart attack is higher for patients with depression.** Further,
compared with the general population, people with chronic disease have higher rates of mental
health disorders, while people with mental health disorders have a greater risk of developing chronic
diseases.®®

Canada's provincial health care spending has more than doubled in the past 15 years.'° Both
mental health disorders and chronic diseases have a substantial impact on health care costs, leading
to significant economic loss and disability.” The cost of managing patients with chronic diseases
represents around 60% of Canada's $228 billion annual health care budget." A 2003 study'
estimated the direct and indirect burden of mental health disorders to the Canadian economy at $51
billion, with similar estimates published in 2011."> A 2016 study estimated the impact of only
depression on the economy at $32.3 billion.™ In addition to the high costs, mental health and chronic

disease outcomes for patients with mental health disorders are poor,>'>'®

suggesting the need for a
closer examination of care delivery to patients with mental health disorders.

A few studies'”?" have examined the association of having a mental health disorder with the
cost of care for individuals with other chronic diseases, but they generally have been small, have not
always used validated algorithms to define mental health disorders, and have usually focused on a
single chronic disease. Further, no Canadian estimates are available. Given this, we sought to
determine the association of having a mental health disorder with health care utilization and costs for

patients with chronic diseases.

Methods

Cohort

Our cohort included all adults 18 years and older in Alberta, Canada, with at least 1 of the following
chronic diseases as of April 1, 2012: asthma, congestive heart failure, myocardial infarction, diabetes,
epilepsy. hypertension, chronic pulmonary disease, and chronic kidney disease. These diseases were
selected because they are common and often coexist, and a list of ambulatory care-sensitive
conditions (ACSCs) for these conditions has been defined by the Canadian Institute of Health
Information.?? Good-quality outpatient care would be expected to lower the risk of hospitalization
and emergency department (ED) visits for ACSCs.2? We included chronic kidney disease because
these patients share similar risk factors, and a list of ACSCs is also available for this group.?* Patients
with chronic disease as of April 1, 2012, were defined based on hospitalization and physician billing
claims from April 1, 1994, to April 1, 2012, using validated algorithms based on International
Classification of Diseases, Ninth Revision [ICD-9] and ICD-10 codes®* (eTable 1in the Supplement). We
defined chronic kidney disease based on laboratory measures as in our previous work?> and
consistent with international guidelines?® (eTable 1in the Supplement). Patients had 3 years of follow
up after the index date of April 1, 2012, with censoring for death and movement out of Alberta.

Data

We used the Interdisciplinary Chronic Disease Collaboration Data Repository, described
previously,?”3°
hospitalizations, ED and outpatient visits, laboratory data, and health care costs for all Alberta

which includes vital statistics, prescription drug data, physician claims,
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residents enrolled in Alberta Health coverage from April 1, 1994, to March 31, 2015. Of note, more
than 99% of Alberta residents participate in the public health insurance offered by the government-
sponsored Alberta Health. Ethical approval for this study was obtained from the University of Calgary
Health Ethics Research Board. Informed consent was waived owing to the use of deidentified data.
This study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)

reporting guideline.

Variables

The explanatory variable was having a mental health disorder (ie, depression, schizophrenia, or
substance use disorder, including alcohol or drug use disorders) from April 1, 1994, to April 1, 2012.
These mental health disorders were selected because of their importance but also because they can
be identified with high- or moderate-validity diagnostic algorithms (high-validity diagnostic
algorithms: positive predictive value and sensitivity, =70%; moderate-validity diagnostic algorithms:
positive predictive value, =70%; sensitivity, <70%) using health administrative data®*>' (eTable 2

in the Supplement). The timing of the mental health disorder diagnosis in relation to the chronic

disease diagnosis was not assessed.

Additional covariates included age, sex, rural residence, 26 comorbidities (listed in Table 1

footnote),?* neighborhood-income level (an estimate of socioeconomic status), and resource use.
Neighborhood-level income was defined as annual adjusted median neighborhood-level household
income quintiles, estimated by linking patient postal code to census data.

Table 1. Baseline Demographic Characteristics for Adults With Chronic Disease, With and Without a Mental Health Disorder, in Alberta, 2012

% (95% Cl)

No Mental Health Mental Health

Disorder Coded Disorder Coded Depression Schizophrenia Alcohol Use Disorder  Drug Use Disorder
Variable (n = 835149) (n =156 296) (n=110671) (n =13320) (n = 40955) (n = 31465)
Age, mean (SD), y 58.1(17.6) 55.4(17.0)? 55.9(17.2) 53.4(16.4) 53.7 (16.0) 49.3 (15.5)

Women
Neighborhood income®
High
Low
Rural residence
Chronic disease
Asthma
Congestive heart failure
Myocardial infarction
Diabetes
Epilepsy
Hypertension
Chronic pulmonary disease
Chronic kidney disease
No. of comorbidities®
1
2-3
4-6
>6

50.4 (50.3-50.5)

16.7 (16.6-16.7)
25.1(25.0-25.2)
14.1(14.0-14.2)

7.1(7.0-7.1)
8.4 (8.3-8.5)
4.3(4.2-4.3)
24.3(24.2-24.4)
3.7(3.7-3.8)
67.5 (67.4-67.6)
22.8(22.7-22.9)
23.3(23.2-23.4)

37.5(37.3-37.6)
45.2 (45.0-45.3)
15.2 (15.1-15.3)
2.2(2.2-2.3)

57.7 (57.4-58.0)*

12.8(12.6-12.9)*
30.2(30.0-30.4)*
13.5(13.4-13.7)?

12.6 (12.5-12.8)
11.9 (11.8-12.1)°
4.5 (4.4-4.6)

24.5(24.2-24.7)
9.0(8.9-9.2)°

61.4(61.1-61.6)°
33.3(33.1-33.6)°
24.3(24.1-24.5)°

25.5 (25.3-25.7)°
44.4 (44.1-44.6)°
24.2 (24.0-24.4)°
6.0 (5.9-6.1)

66.1 (65.7-66.3)

13.9(13.7-14.1)
28.3(28.1-28.6)
11.8(11.6-12.0)

12.2 (12.0-12.4)
11.3 (11.1-11.5)
3.9 (3.7-4.0)

24.1(23.8-24.3)
7.5(7.4-7.7)

63.5 (63.2-63.8)
31.0(30.7-31.3)
25.6 (25.3-25.8)

25.9(25.6-26.2)
44.3 (44.0-44.5)
23.8(23.6-24.1)
6.0 (5.9-6.1)

50.0(49.1-50.8)

9.0(8.6-9.5)
39.2(38.4-40.1)
9.7 (9.2-10.2)

17.0 (16.4-17.7)
11.0 (10.5-11.5)
3.2(2.9-3.5)

31.8(31.0-32.6)
15.5 (14.8-16.1)
53.0 (52.1-53.8)
34.6 (33.8-35.4)
23.1(22.4-23.8)

23.6(22.8-24.3)
43.0 (42.1-43.8)
26.6 (25.8-27.3)
6.9 (6.5-7.3)

35.3(34.8-35.7)

9.6(9.3-9.9)
35.5(35.0-35.9)
18.5(18.1-18.9)

14.5 (14.2-14.9)
13.7 (13.4-14.0)
5.6 (5.4-5.9)

24.7 (24.3-25.1)
14.5 (14.2-14.9)
57.3(56.8-57.8)
40.9 (40.4-41.4)
20.6 (20.2-21.0)

22.6(22.2-23.0)
43.8 (43.3-44.2)
27.1(26.7-27.5)
6.5 (6.3-6.8)

48.8 (48.2-49.3)

9.3(9.0-9.7)
37.1(36.6-37.6)
15.4(15.0-15.8)

20.0 (19.6-20.5)
11.4 (11.1-11.8)
4.4(4.2-4.7)

21.8(21.3-22.2)
15.9 (15.5-16.3)
48.2 (47.6-48.7)
423 (41.7-42.8)
19.3(18.8-19.7)

23.2(22.7-23.7)
44.1 (43.5-44.7)
25.8(25.3-26.3)
6.9 (6.6-7.2)

2 Denotes P < .001 for comparison between mental health disorder absent and mental

health disorder present.

® Income categories were estimated using postal codes. High income represents the

highest quintile, and low income represents the lowest quintile.

dementia, diabetes, epilepsy, hypertension, hypothyroidism, inflammatory bowel

disease, irritable bowel syndrome, lymphoma, metastatic cancer, multiple sclerosis,

ischemic attack.

€ Comorbidities include asthma, atrial fibrillationchronic hepatitis B, chronic kidney
disease, chronic pain, chronic pulmonary disease, cirrhosis, congestive heart failure,

myocardial infarction, nonmetastatic cancer, Parkinson disease, peptic ulcer disease,
peripheral vascular disease, psoriasis, rheumatoid arthritis, and stroke or transient
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Primary Outcome

The primary outcome was mean total 3-year health care costs for patients with and without a mental
health disorder. We included costs for hospitalization and ED visits, physician claims (specialist and
primary care physician visit and procedure billing costs), prescription medications, nonphysician
ambulatory costs (day medicine and day surgery clinics), and outpatient diagnostic imaging and
laboratory costs. The total costs were calculated as the sum of these costs. Alberta Health uses
Canadian Institute of Health Information case-mix grouper methods to estimate hospital costs and
ambulatory-case costing methods to estimate outpatient costs.>233 Physician claims were based on
the amount paid by Alberta Health. Reason for hospitalization was deemed associated with a mental
health disorder or a chronic disease if the most responsible diagnosis was an ICD-9 or ICD-10 code
associated with the mental health disorder or the chronic disease of interest. The cost of medications
was estimated by combining a database containing a comprehensive list of medications dispensed
to all Alberta residents with a price list from Alberta Blue Cross, including dispensing fee. Diagnostic
imaging and laboratory costs were based on estimates provided by Alberta Health Services. All costs
are reported in 2016 Canadian dollars.3*

Secondary Outcomes

The secondary outcomes, defined for the 3 years assessed, were resource use and costs of
22.23in people with and
without mental health disorders (eTable 3 in the Supplement). We defined 3 measures to
characterize participants’ health care resource use as follows: (1) unadjusted rate per 1000 patient
days of all-cause and chronic disease-specific hospitalizations and ED visits, (2) mean total all-cause
and chronic disease-specific hospital length of stay, and (3) rates of hospitalizations and ED visits for

ACSCs. Hospitalization and ED visit causes were defined as the most responsible ICD-10 code.

hospitalizations and ED visits for ACSCs for the same index chronic diseases

Statistical Analysis

All analyses were performed for those without mental health disorders, those with any mental health
disorder, and for each of the 4 mental health disorders. The unadjusted mean 3-year costs were
further characterized by costing category. Differences in demographic characteristics, resource use,
and unadjusted costs between those with and without mental health disorders were determined
with t tests and z tests for continuous variables and 2 tests for categorical variables. Differences in
unadjusted costs between the 4 mental health disorders were determined with a factorial analysis of
variance. Differences were considered significant at P < .05, and all tests were 2-tailed.

To test for an association of type of mental health disorder with costs, we used multivariable
linear regression to predict total costs, controlling for age, sex, socioeconomic status, rural status,
medical comorbidities, and mental health disorders. We then used 3 coefficients to estimate mean
total adjusted costs for each mental health disorder.

Before conducting regression modeling, we examined the cost distribution. While we did not
identify problems with O-costs and censoring, the distribution of the total costs was positively
skewed, while the log of the total costs was more normally distributed. To identify the model with the
best fit for our data, we first conducted a modified Park test to determine the appropriate family of

the model, 3>

which indicated the y distribution more appropriately fit our regression than the
Poisson distribution. We then compared the fit of a linear regression model using ordinary least
squares estimation against 5 other models (ie, 1linear regression of log total costs with smearing
transformation; 3 generalized linear models of log total costs using the negative binomial, y, and
inverse Gaussian distributions; and 1 generalized linear model of total costs using the inverse
Gaussian distribution). The ordinary least squares model had the best fit based on the root-mean-
square error (lowest of all the models) and pseudo-R? (highest of all the models). Given the ease of
interpretation and model fit, we present ordinary least squares results. Analyses were completed

using Stata version 14 (StataCorp).
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Results

Baseline Characteristics
Between April 1, 1994, and March 31, 2012, 991445 adults with a chronic disease were identified;
156 296 (15.8%) had a concomitant mental health disorder (Table 1). Depression was the most
common mental health disorder, present in 110 671 (11.2%) individuals in the cohort. In those with
depression, 10.3% had a concomitant substance use disorder (eFigure in the Supplement). People
with a mental health disorder were more likely to be younger (mean [SD] age, 55.4 [17.0] years vs 58.1

[17.6] years of age; P < .001), female (57.7% [95% Cl, 57.4%-58.0%] vs 50.4% [95% Cl,

50.3%-50.5%]; P < .001), be of lower socioeconomic status (30.2% [95% Cl, 30.0%-30.4%] vs
25.1% [95% Cl, 25.0%-25.2%]; P < .001), have 4 or more comorbidities (4-6 comorbidities: 24.2%
[95% Cl, 24.0%-24.4%] vs 15.2% [95% Cl, 15.1%-15.3%]; P < .001; >6 comorbidites: 6.0% [95% Cl,
5.9%-6.1%] vs 2.2% [95% Cl, 2.2%-2.3%]; P < .001), and were more likely to die during the 3-year
study period (8.9% [95% Cl, 8.4%-9.4%] vs 4.9% [95% Cl, 4.7%-5.1%]; P < .001; not shown in

Table1).

Mean Total 3-Year Costs
The mean total 3-year unadjusted costs of patients with chronic disease were $20 210 (95% Cl,
$19 674-$20 750) for those without a mental health disorder and $38 250 (95% Cl,
$36 476-$39 935) for those with a mental health disorder. For patients with a chronic disease and
depression, total 3-year unadjusted costs were $34 690 (95% Cl, $33 580-$35 810), for patients
with a chronic disease and schizophrenia, $50 450 (95% Cl, $47 460-$53 440), for patients with a
chronic disease and alcohol use disorder, $42 320 (95% Cl, $40 030-$44 620), and for patients with
a chronic disease and drug use disorder, $45 260 (95% Cl, $42 590-$47 920) (P < .001, for all
estimates) (Table 2). The highest cost categories for all groups were hospitalizations, prescription
drugs, and physician visits.
When we examined differences in costs by individual mental health disorders and age, sex,
income, and rural status, higher cost was associated with the presence of a mental health disorder,
being older than 65 years, and low income (eTable 4 in the Supplement). Costs for older people with
co-occurring depression and substance use disorders were very high ($74 119; 95% Cl, $65 415-
$82 823 vs older adults without a mental health disorder: $29 401; 95% Cl, $28 577-$30 227;
P <.001) (eTable 4 in the Supplement).
Furthermore, when we examined costs by individual mental health disorders and number of

comorbidities, we found costs were higher for patients with any mental health disorder and with

Table 2. Mean Total 3-Year Unadjusted Costs for Adults With Chronic Disease, With and Without a Mental Health Disorder

Mean Cost (95% Cl), Can$?

No Mental Health

Mental Health

Disorder Coded Disorder Coded Depression Schizophrenia Alcohol Use Disorder  Drug Use Disorder
Cost (n = 835149) (n =156 296) (n=110671) (n =13320) (n = 40955) (n =31465)
Hospitalization 6610 14250 13720 23840 19950 19340

Physician visit
Prescription

Emergency department
Nonphysician ambulatory

care®
Diagnostic imaging©
Laboratory test

Total cost

(6650-6660)
3360 (3350-3370)
6090 (5560-6620)
850 (850-860)
2020 (2000-2040)

980 (980-990)
290 (290-290)

20210
(19674-20750)

(14 030-14 470)

6080 (6040-6120)
8180 (7200-9150)
1820 (1800-1840)
3060 (3000-3120)

1230 (1220-1240)
410 (410-420)

35030
(34010-36 050)¢

(13470-13 960)

6320 (6270-6360)
8110 (7040-9170)
1750 (1730-1780)
3000 (3010-3150)

1310 (1300-1320)
400 (400-410)

34690
(33580-35810)

(22 838-24 840)
9790 (9560-10010)
9370 (6680-12 060)
2180 (2110-2260)
3980 (3712-4250)

830 (800-850)
460 (450-480)

50450
(47 460-53 440)

(19420-20470)
6700 (6610-6790)
8310 (6140-10490)
2640 (2590-2690)
3120 (2990-3250)

1090 (1080-1110)
510 (500-520)

42320
(40030-44 620)

(18 760-19930)
7490 (7370-7600)

10580 (8400-13 100)

2940 (2880-3000)
3360 (3190-3530)

1090 (1080-1120)
470 (460-470)

45260
(42 590-47 920)

d Denotes P < .001 for comparison between mental health disorder absent and mental
health disorder present.

2 All cost estimates are adjusted to 2016 Canadian dollars.
b Day medicine and day surgery.

€ Outpatient diagnostic imaging.
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increasing number of comorbidities (eTable 5 in the Supplement). Total costs were significantly
higher for patients with 3 or more comorbidities. Compared with those without a mental health
diagnosis in all adults with fewer than 7 comorbidities, adults with depression had significantly higher
costs ($32 069; 95% Cl, $30 826-$33 311 vs $38 102; 95% Cl, $36 497-$39 708; P < .001) (eTable 5
in the Supplement).

Adjusted Costs: Multivariable Regression Analysis

The results from the regression model are presented in eTable 6 in the Supplement. The adjusted
mean total 3-year costs for patients without a mental health disorder were $22 280 (95% Cl,
$21780-$22 760; P < .001); for those with depression, $37 990 (95% Cl, $36 250-$39 720;

P < .001); for those with schizophrenia, $47 740 (95% Cl, $43 380-$52100; P < .001); for those with
alcohol use disorder, $38 300 (95% Cl, $35 550-$41040; P < .001); and for those with drug use
disorder, $42 440 (95% Cl, $39 350-$45 530; P < .001) (Figure).

Resource Use

Although 15.8% of our cohort (156 296 individuals) had a mental health diagnosis, patients with
mental health disorders accounted for 140 560 of 522 140 admissions (26.9%). Of their admissions,
only approximately 16 029 (11.4%) were for the care of 1of the 4 mental health disorders (data not
shown). The reasons for admission were broad, including infectious causes, surgical presentations,
and gastrointestinal issues (data not shown). Resource use by patients with mental health disorders
was not driven by health care presentations owing to chronic diseases compared with patients
without a mental health disorder (rate of hospitalization for chronic disease per 1000 patient days:
0.06 [95% Cl, 0.06-0.06] vs 0.1 [95% Cl, 0.11-0.12]; P < .001; overall rate of hospitalization per
1000 patient days: 0.43 [95% Cl, 0.43-0.43] vs 0.88 [95% Cl, 0.87-0.88]; P < .001) (Table 3).

The rates per 1000 patient days of being hospitalized or visiting the ED and the mean total
length of stay per person varied by mental health disorder (Table 3). The unadjusted rate of overall ED
visits per 1000 patient days was 1.75 (95% Cl, 1.74-1.76; P < .001) for patients without a mental health
disorder and 3.75 (95% Cl, 3.72-3.79; P < .001) for those with a mental health disorder. The mean
total hospital length of stay per person over 3 years was 4.7 (95% Cl, 4.6-4.7; P < .001) days for those
without a mental health disorder and 11.6 (95% Cl, 11.4-11.8; P < .001) days for those with a mental
health disorder. A similar trend was noted when restricting these health care visits specifically to
chronic disease visits (Table 3).

Looking at the subset of hospital admissions, ED visits, and the mean total hospital length of
stay per person for ACSCs, the rate of hospitalization or ED visits per 1000 patient days was 0.14

Figure. Adjusted Mean 3-Year Cost per Patient for Each Mental Health Disorder

Adjusted Mean Cost

Health Condition (95% Cl), Can$
No mental health condition (n=835149) 22280 (21780-22760) L]
Depression (n=110671) 37990 (36250-39720)3 -
Schizophrenia (n=13320) 47740 (43380-52100) ——
Alcohol use disorder (n=40955) 38300 (35550-41040)3 -
Drug use disorder (n=31465) 42440 (39350-45530) -
0 25000 50000 75000
Adjusted Mean Cost (95% Cl), Can$
Costs are adjusted for sex, age, socioeconomic status, comorbidities (ie, asthma, atrial disorders (ie, depression, schizophrenia, alcohol use disorder, and drug use disorder).
fibrillationchronic hepatitis B, chronic kidney disease, chronic pain, chronic pulmonary Adjustment was performed using ordinary least squares linear regression and log
disease, cirrhosis, congestive heart failure, dementia, diabetes, epilepsy, hypertension, transformations of costs were not performed. All cost estimates are adjusted to 2016
hypothyroidism, inflammatory bowel disease, irritable bowel syndrome, lymphoma, Canadian dollars.
metastatic cancer, multiple sclerosis, myocardial infarction, nonmetastatic cancer, 2 Denotes P < .001 for comparison between mental health disorder absent and mental

Parkinson disease, peptic ulcer disease, peripheral vascular disease, psoriasis,
rheumatoid arthritis, and stroke or transient ischemic attack), and mental health

health disorder present.
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(95% Cl, 0.14-0.14; P < .001) for those without a mental health disorder and 0.27 (95% Cl, 0.27-0.28;
P < .001) for those with a mental health disorder. The mean length of stay per person was 0.46 (95%
Cl, 0.45-0.47; P < .001) days for those without a mental health disorder and 1.0 (95% ClI, 0.9-1.1;

P < .001) days for those with a mental health disorder (Table 3).

Costs Related to Care for ACSCs

Having a mental health disorder was associated with higher costs compared with not having a mental
health disorder for hospitalization ($1290 [95% Cl, $1230-$1340] vs $600 [95% Cl, $590-$6201;

P <.001) and for ED visits ($100 [95% Cl, $98-$103] vs $56 [95% Cl, $55-$57] P < .001). Overall,
total costs for ACSCs were $1390 (95% Cl, $1330-$1440; P < .001) for those with a mental health
disorder and $660 (95% Cl, $650-680; P < .001) for those without a mental health disorder

(Table 4).

Table 3. Resource Use for Adults With Chronic Disease, With and Without a Mental Health Disorder

Rate (95% Cl)

No Mental Health Mental Health

Disorder Coded Disorder Coded Depression Schizophrenia Alcohol Use Disorder  Drug Use Disorder
Resource (n =835149) (n=156296) (n=110671) (n=13320) (n = 40955) (n =31465)

All-Cause Hospitalizations or ED Visits

Hospitalizations per 1000 0.43 (0.43-0.43) 0.88 (0.87-0.88)? 0.85 (0.84-0.86)

patient-days
Mean total hospital LOS over 3y, d 4.7 (4.6-4.7)
1.75 (1.74-1.76)

1.17 (1.13-1.20) 1.25(1.23-1.27)

11.6 (11.4-11.8)°
3.75 (3.72-3.79)?

11.5(11.2-11.7)
3.57(3.53-3.62)

24.8(23.5-26.2)
4.45 (4.29-4.61)

15.6 (15.0-16.1)

ED visits per 1000 patient-days 5.48 (5.38-5.57)

1.24(1.22-1.27)

15.9 (15.2-16.5)
6.35(6.21-6.49)

Chronic Disease-Associated Hospitalizations or ED Visits©
Hospitalizations for chronic disease  0.06 (0.06-0.06)
per 1000 patient-days

Mean total hospital LOS for chronic 0.6 (0.6-0.6)
disease over 3y, d

0.11(0.11-0.12)7 0.10(0.10-0.11) 0.11(0.10-0.12) 0.17 (0.15-0.18)

1.3(1.2-1.4)° 1.2(1.2-1.3) 1.5(1.3-1.7) 1.6 (1.5-1.8)

ED visits for chronic disease per 0.13(0.13-0.14) 0.27 (0.26-0.28)° 0.24 (0.23-0.25)

1000 patient-days

0.28 (0.24-0.31) 0.42 (0.39-0.44)

0.16 (0.15-0.17)

1.9 (1.8-2.0)

0.43 (0.40-0.46)

Hospitalizations or ED Visits for ACSCs

Hospitalizations or ED visits for 0.14 (0.14-0.14) 0.27 (0.27-0.28)* 0.25(0.24-0.25)

ACSCs per 1000 patient-days

Mean total hospital LOS for ACSCs
over3y,d

0.28 (0.26-0.31) 0.42 (0.40-0.44)

0.46 (0.45-0.47) 1.00 (0.90-1.10)° 0.92 (0.86-0.88) 1.00 (0.80-1.10) 1.10(1.00-1.20)

0.41 (0.39-0.43)

1.70 (1.50-1.80)

Abbreviations: ACSC, ambulatory care-sensitive condition; ED, emergency department;
LOS, length of stay.

2 Denotes P < .001 for comparison between mental health disorder absent and mental

health disorder present based on t test. definition) (eTable 1in the Supplement).

b Denotes P < .001 for comparison between mental health disorder absent and mental
health disorder present based on z test.

¢ Chronic disease defined as asthma, chronic heart failure, myocardial infarction,
diabetes, epilepsy, hypertension, and chronic pulmonary disease (chronic kidney
disease excluded because no International Classification of Diseases code used for

Table 4. Mean Total 3-Year Unadjusted Costs for Hospitalizations and ED Visits Associated With ACSCs for Adults With Chronic Disease,
With and Without Mental Health Disorders

Mean Cost (95% Cl), Can$?

No Mental Health Mental Health

Disorder Coded Disorder Coded Depression Schizophrenia Alcohol Use Disorder  Drug Use Disorder
Resource (n =835149) (n=156296) (n=110671) (n =13320) (n = 40955) (n =31465)
Hospitalizations 600 (590-620) 1290 (1230-1340)°  1170(1110-1230) 1250 (1080-1410) 1940 (1820-2070) 1690 (1540-1830)
ED visits 56 (55-57) 100 (98-103)P 93 (90-95) 100 (98-103) 150 (143-155) 150 (148-155)
Total ACSC cost 660 (650-680) 1390 (1330-1440)> 1260 (1200-1330) 1350(1180-1510) 2090 (1960-2230) 1830 (1690-1990)

Abbreviations: ACSCs, ambulatory care-sensitive condition; ED, emergency department.

2 All cost estimates are adjusted to 2016 Canadian dollars. health disorder present.

b Denotes P < .001 for comparison between mental health disorder absent and mental
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Discussion

For Alberta residents with chronic disease, having a mental health disorder was associated with
higher resource use and costs. The additional clinical and economic burden varied by mental health
disorder, but higher costs were associated with age, male sex, low income, and increasing number of
comorbidities. The trend was consistent even when mental health disorders were isolated from each
other. Schizophrenia was associated with the highest total costs, while alcohol and drug use disorder
were associated with the highest rates of hospital and ED visits overall and for ACSCs. Having
depression was associated with lower costs compared with other mental health disorders; however,
given its higher prevalence, the population impact and effect on health care budgets is substantial.
Previous studies have highlighted an association of mental health disorders with increased

utilization and costs in individuals with chronic diseases,"”'®

predominantly within individual chronic
diseases and individual mental health disorders?®-36-*2 or within individual chronic diseases and
multiple mental health disorders.2"34” A US report, which unlike this study did not use validated
algorithms to define chronic diseases or mental health disorders (which increase diagnostic
accuracy), showed that the presence of anxiety and depression increased costs by 33% to 169%."”
Aside from this US study, other published studies have been small and in selected cohorts, and most
have not stratified by specific mental health disorders. Our study has highlighted differences in the
association of specific mental health disorder with costs. This points to the possibility that different
interventions may be required to improve care for people with different mental health disorders.
Moreover, finding that alcohol and drug use disorders are associated with increased hospitalization
and ED use for ACSCs is consistent with prior studies*®>' and offers insight into potential targets for
intervention.

Our findings raise questions about optimizing the management of mental health disorders in
patients with chronic disease. Higher costs and utilization among those with mental health disorders
do not appear to be driven by acute care specifically for mental health disorders or chronic diseases.
People with co-occurring chronic diseases and mental health disorders are a heterogenous group
with a myriad of health and social needs, and the drivers of their acute care use are likely
multifactorial, possibly including poor access to coordinated care and mental health care delivered by
nonspecialists, among others. Studies have shown improved medical outcomes when treating
depression.>>>3 However, there are mixed results in the use of substance use screening and brief
intervention in medical settings.”*®3 Thus, additional research is needed to determine how best to
optimize mental health among people with chronic disease.

Our results also raise the question of whether a different model of care for patients with mental
health disorders and chronic disease needs to be developed. For example, integration of medical and
psychiatric health care has been explored in primary care®*®® and specialty care,®® using mental
health case managers®” and nurse practitioners.® Although this is a developing area, studies have
shown reductions in total costs estimated at between 5% and 16%, with evidence being most robust
in elderly patients with depression.'®¢°7" Other studies have shown a strong case for investing in
mental health, with potential long-term cost savings despite upfront spending, among other benefits
to overall wellness.”>”> Further, payment models could be developed to support or encourage new
models of care, such as a bundled payment that includes the costs of chronic disease and mental
health care services. While bundled payments for chronic diseases’® and mental health and
substance use disorders’” can be challenging, bundled payment for diabetes care was found to
improve care coordination,”® and we did identify variation in costs (eg, drug spending) that point to
areas where savings under a bundled payment model may be plausible.”®

Strengths and Limitations

Strengths of our study include that we conducted a population-based analysis of all adults in Alberta
with chronic disease, and while our results may not be applicable to all settings, we expect similar
trends in other jurisdictions. We measured a comprehensive set of health care costs across a variety
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of mental health disorders, using validated definitions to reduce misclassification. To our knowledge,
this is the first study analyzing the association of these individual mental health disorders with costs
of care for adults with chronic disease.

This study has limitations. It was a retrospective cohort study using administrative health data,
and thus, the limitations of using administrative health data, such as lack of detail regarding
circumstances around health visits, apply to our study. We were also unable to control for variables
such as severity of disease, but our regression model still identified a strong association of mental
health disorders with costs after controlling for the covariates. Further, we are unable to comment on
the disease trajectory and delineate whether severe physical chronic disease leads to development
of mental health issues vs mental illness leading to higher costs through the development of chronic
physical illness.

Conclusions

We found that a co-occurring mental health disorder was strongly associated with an increased cost
of care for patients with chronic diseases. The underlying reasons for this association cannot be
determined given our limitations. Further research is needed on 2 fronts to inform clinicians and
policy makers about areas where additional investment could improve health and reduce net health
care costs. First, how the presence of a mental health disorder influences the course of a chronic
disease needs to be clarified. Overlapping risk factors need to be identified, and the sequence of
diagnoses could be considered. Second, studies should assess the design and impact of interventions
aimed at improving mental health in people with chronic disease, including the potential for
integrated medical and psychiatric care and bundled payments to improve outcomes and

lower costs.

ARTICLE INFORMATION
Accepted for Publication: July 3, 2019.

Published: August 23, 2019. doi:10.1001/jamanetworkopen.2019.9910

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2019 Sporinova B
et al. JAMA Network Open.

Corresponding Author: Amity Quinn, PhD, Department of Community Health Sciences, Cumming School of
Medicine, University of Calgary, 3280 Hospital Dr NW, Calgary, AB T2N 426, Canada (amity.quinn@ucalgary.ca).

Author Affiliations: Department of Medicine, Cumming School of Medicine, University of Calgary, Calgary,
Alberta, Canada (Sporinova, Manns, Tonelli, Hemmelgarn, Au, Ma, Weaver); Alberta Health Services, Edmonton,
Alberta, Canada (Manns); Libin Cardiovascular Institute, O'Brien Institute of Public Health, Cumming School of
Medicine, University of Calgary, Calgary, Alberta, Canada (Manns, Tonelli, Hemmelgarn); Department of
Community Health Sciences, Cumming School of Medicine, University of Calgary, Calgary, Alberta, Canada (Manns,
Tonelli, Hemmelgarn, Quinn); Department of Psychiatry, Cumming School of Medicine, University of Calgary,
Calgary, Alberta, Canada (MacMaster); Strategic Clinical Network for Addictions and Mental Health, Alberta Health
Services, Edmonton, Alberta, Canada (MacMaster, Mitchell); Department of Psychiatry, University of Alberta,
Edmonton, Alberta, Canada (Mitchell).

Author Contributions: Drs Manns and Quinn had full access to all of the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis.

Concept and design: Sporinova, Manns, Ma, Quinn.

Acquisition, analysis, or interpretation of data: Sporinova, Manns, Tonelli, Hemmelgarn, MacMaster, Mitchell, Au,
Weaver, Quinn.

Drafting of the manuscript: Sporinova, Au, Quinn.

Critical revision of the manuscript for important intellectual content: Sporinova, Manns, Tonelli, Hemmelgarn,
MacMaster, Mitchell, Ma, Weaver, Quinn.

Statistical analysis: Au, Ma, Weaver, Quinn.

[5 JAMA Network Open. 2019;2(8):€199910. doi:10.1001/jamanetworkopen.2019.9910 August 23,2019 9/14

Downloaded From: https://jamanetwor k.com/ Non-Human Traffic (NHT) by Jose Vazquez on 08/23/2019


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.9910&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.9910
https://jamanetwork.com/journals/jamanetworkopen/pages/instructions-for-authors#SecOpenAccess/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.9910
mailto:amity.quinn@ucalgary.ca

JAMA Network Open | Health Policy Mental Health Disorders and Health Care Utilization and Costs for Patients With Chronic Disease

Obtained funding: Manns.

Administrative, technical, or material support: Sporinova, Manns, Hemmelgarn, MacMaster, Mitchell, Quinn.
Supervision: Manns, Quinn.

Conflict of Interest Disclosures: None reported.

Funding/Support: This study was supported by the Alberta Innovates Collaborative Research and Innovation
Opportunity Team Grant. Dr Quinn is supported by the Network of Alberta Health Economists Health Economics
Scholar Award and the Banting Postdoctoral Fellowship. Dr Manns is supported by a Canadian Institutes of Health
Research Foundation Grant.

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Disclaimer: This study is based in part on data provided by Alberta Health and Alberta Health Services. The
interpretation and conclusions contained herein are those of the researchers and do not necessarily represent the
views of the government of Alberta or Alberta Health Services. Neither the government of Alberta nor Alberta
Health or Alberta Health Services express any opinion in relation to this study.

REFERENCES

1. New Brunswick Health Council. The cost of chronic health conditions to New Brunswick. https://nbhc.ca/sites/
default/files/publications-attachments/June%202016_The%20Cost%200f%20Chronic%20Health%
20Conditions%20t0%20NB%20-%20FINAL.pdf. Accessed July 12, 2019.

2. Murray CJ, Lopez AD. Alternative projections of mortality and disability by cause 1990-2020: Global Burden of
Disease Study. Lancet. 1997;349(9064):1498-1504. doi:10.1016/S0140-6736(96)07492-2

3. Whiteford HA, Degenhardt L, Rehm J, et al. Global burden of disease attributable to mental and substance use
disorders: findings from the Global Burden of Disease Study 2010. Lancet. 2013;382(9904):1575-1586. doi:10.
1016/50140-6736(13)61611-6

4. HealthPartners Canada. Chronic disease and mental health report. https://healthpartners.ca/sites/default/files/
HealthPartners_Chronic_Disease_and_Mental_Health_Report_Junel7_2015.pdf. Accessed July 12, 2019.

5. World Health Organization. Investing in mental health. https://www.who.int/mental_health/publications/
financing/investing_in_mh_2013/en/. Accessed July 12, 2019.

6. Dixon L, Weiden P, Delahanty J, et al. Prevalence and correlates of diabetes in national schizophrenia samples.
Schizophr Bull. 2000;26(4):903-912. doi:10.1093/oxfordjournals.schbul.a033504

7. Goff DC, Sullivan LM, McEvoy JP, et al. A comparison of ten-year cardiac risk estimates in schizophrenia patients
from the CATIE Study and matched controls. Schizophr Res. 2005;80(1):45-53. doi:10.1016/j.schres.2005.08.010

8. Johansen H. Living with heart disease: the working-age population. Health Rep. 1999;10(4):33-45. https://pdfs.
semanticscholar.org/2e6f/7799280b9daeb369df63ade3db968d2de21f.pdf. Accessed July 12, 2019.

9. Kurdyak PA, Gnam WH, Goering P, Chong A, Alter DA. The relationship between depressive symptoms, health
service consumption, and prognosis after acute myocardial infarction: a prospective cohort study. BMC Health Serv
Res. 2008;8:200. doi:10.1186/1472-6963-8-200

10. Barua B, Palacios M, Emes J. Sustainability of health care spending in Canada 2017. https://www.fraserinstitute.
org/studies/sustainability-of-health-care-spending-in-canada-2017. Accessed July 12, 2019.

11. Chronic Disease Prevention Alliance of Canada. 2018 pre-budget submission to the House of Commons
Standing Committee on Finance. https://www.ourcommons.ca/Content/Committee/421/FINA/Brief/BR9073636/
br-external/ChronicDiseasePreventionAllianceOfCanada-e.pdf. Accessed July 12, 2019.

12. Lim KL, Jacobs P, Ohinmaa A, Schopflocher D, Dewa CS. A new population-based measure of the economic
burden of mental illness in Canada. Chronic Dis Can. 2008;28(3):92-98.

13. Smetanin P, Briante C, Stiff D, Ahmad S, Khan M. The Life and Economic Impact of Major Mental llinesses in
Canada: 2011 to 2041. Toronto, ON: Mental Health Commission of Canada; 2011.

14. Southerland G, Stonebridge C. Healthy Brains at Work: Estimating the Impact of Workplace Mental Health
Benefits and Programs. Ottawa, ON: Conference Board of Canada; 2016.

15. Scott KM, Lim C, Al-Hamzawi A, et al. Association of mental disorders with subsequent chronic physical
conditions: world mental health surveys from 17 countries. JAMA Psychiatry. 2016;73(2):150-158. doi:10.1001/
jamapsychiatry.2015.2688

16. Walker ER, McGee RE, Druss BG. Mortality in mental disorders and global disease burden implications:
a systematic review and meta-analysis. JAMA Psychiatry. 2015;72(4):334-341. doi:10.1001/jamapsychiatry.
2014.2502

[5 JAMA Network Open. 2019;2(8):€199910. doi:10.1001/jamanetworkopen.2019.9910 August 23,2019 1014

Downloaded From: https://jamanetwor k.com/ Non-Human Traffic (NHT) by Jose Vazquez on 08/23/2019


https://nbhc.ca/sites/default/files/publications-attachments/June%202016_The%20Cost%20of%20Chronic%20Health%20Conditions%20to%20NB%20-%20FINAL.pdf
https://nbhc.ca/sites/default/files/publications-attachments/June%202016_The%20Cost%20of%20Chronic%20Health%20Conditions%20to%20NB%20-%20FINAL.pdf
https://nbhc.ca/sites/default/files/publications-attachments/June%202016_The%20Cost%20of%20Chronic%20Health%20Conditions%20to%20NB%20-%20FINAL.pdf
https://dx.doi.org/10.1016/S0140-6736(96)07492-2
https://dx.doi.org/10.1016/S0140-6736(13)61611-6
https://dx.doi.org/10.1016/S0140-6736(13)61611-6
https://healthpartners.ca/sites/default/files/HealthPartners_Chronic_Disease_and_Mental_Health_Report_June17_2015.pdf
https://healthpartners.ca/sites/default/files/HealthPartners_Chronic_Disease_and_Mental_Health_Report_June17_2015.pdf
https://www.who.int/mental_health/publications/financing/investing_in_mh_2013/en/
https://www.who.int/mental_health/publications/financing/investing_in_mh_2013/en/
https://dx.doi.org/10.1093/oxfordjournals.schbul.a033504
https://dx.doi.org/10.1016/j.schres.2005.08.010
https://pdfs.semanticscholar.org/2e6f/7799280b9daeb369df63ade3db968d2de21f.pdf
https://pdfs.semanticscholar.org/2e6f/7799280b9daeb369df63ade3db968d2de21f.pdf
https://dx.doi.org/10.1186/1472-6963-8-200
https://www.fraserinstitute.org/studies/sustainability-of-health-care-spending-in-canada-2017
https://www.fraserinstitute.org/studies/sustainability-of-health-care-spending-in-canada-2017
https://www.ourcommons.ca/Content/Committee/421/FINA/Brief/BR9073636/br-external/ChronicDiseasePreventionAllianceOfCanada-e.pdf
https://www.ourcommons.ca/Content/Committee/421/FINA/Brief/BR9073636/br-external/ChronicDiseasePreventionAllianceOfCanada-e.pdf
https://www.ncbi.nlm.nih.gov/pubmed/18341763
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2015.2688&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.9910
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2015.2688&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.9910
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2014.2502&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.9910
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2014.2502&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.9910

JAMA Network Open | Health Policy Mental Health Disorders and Health Care Utilization and Costs for Patients With Chronic Disease

17. Melek S, Norris D. Chronic Conditions and Comorbid Psychological Disorders. Seattle, WA: Milliman; 2008.

18. Melek SP, Norris DT, Paulus J. Economic Impact of Integrated Medical-Behavioral Healthcare. Seattle, WA:
Milliman; 2014.

19. Hendrie HC, Lindgren D, Hay DP, et al. Comorbidity profile and healthcare utilization in elderly patients with
serious mental illnesses. Am J Geriatr Psychiatry. 2013;21(12):1267-1276. doi:10.1016/j.jagp.2013.01.056

20. Egede LE, Bishu KG, Walker RJ, Dismuke CE. Impact of diagnosed depression on healthcare costs in adults
with and without diabetes: United States, 2004-2011. J Affect Disord. 2016;195:119-126. doi:10.1016/j.jad.2016.
02.01

21. Su CH, Chiu HC, Hsieh HM, et al. Healthcare utilization and expenditures for persons with diabetes comorbid
with mental illnesses. Psychiatr Q. 2016;87(3):545-557. doi:10.1007/s11126-015-9408-9

22. Canadian Institute for Health Information. Admissions for ambulatory care sensitive conditions. https://www.
albertahealthservices.ca/Publications/ahs-pub-pr-def-amb-care-sensitive-cond.pdf. Accessed July 17, 2019.

23. Gao S, Manns BJ, Culleton BF, et al; Alberta Kidney Disease Network. Access to health care among status
Aboriginal people with chronic kidney disease. CMAJ. 2008;179(10):1007-1012. doi:10.1503/cmaj.080063

24. Tonelli M, Wiebe N, Fortin M, et al; Alberta Kidney Disease Network. Methods for identifying 30 chronic
conditions: application to administrative data. BMC Med Inform Decis Mak. 2015;15:31. doi:10.1186/s12911-015-
0155-5

25. Manns L, Scott-Douglas N, Tonelli M, et al. A population-based analysis of quality indicators in CKD. Clin J Am
Soc Nephrol. 2017;12(5):727-733. doi:10.2215/CJN.08720816

26. Stevens PE, Levin A; Kidney Disease: Improving Global Outcomes Chronic Kidney Disease Guideline
Development Work Group Members. Evaluation and management of chronic kidney disease: synopsis of the
Kidney Disease: Improving Global Outcomes 2012 clinical practice guideline. Ann Intern Med. 2013;158(11):
825-830. doi:10.7326/0003-4819-158-11-201306040-00007

27. Hemmelgarn BR, Clement F, Manns BJ, et al. Overview of the Alberta Kidney Disease Network. BVMC Nephrol.
2009;10:30. doi:10.1186/1471-2369-10-30

28. Alexander RT, Hemmelgarn BR, Wiebe N, et al; Alberta Kidney Disease Network. Kidney stones and kidney
function loss: a cohort study. BMJ. 2012;345:e5287.

29. Tonelli M, Muntner P, Lloyd A, et al; Alberta Kidney Disease Network. Risk of coronary events in people with
chronic kidney disease compared with those with diabetes: a population-level cohort study. Lancet. 2012;380
(9844):807-814.

30. Thompson S, James M, Wiebe N, et al; Alberta Kidney Disease Network. Cause of death in patients with
reduced kidney function. J Am Soc Nephrol. 2015;26(10):2504-2511.

31. Quan H, Li B, Saunders LD, et al; IMECCHI Investigators. Assessing validity of /CD-9-CM and ICD-10
administrative data in recording clinical conditions in a unique dually coded database. Health Serv Res. 2008;43
(4):1424-1441. doi:10.1111/j.1475-6773.2007.00822..x

32. McBrien KA, Manns BJ, Chui B, et al. Health care costs in people with diabetes and their association with
glycemic control and kidney function. Diabetes Care. 2013;36(5):1172-1180.

33. Klarenbach S, Tonelli M, Pauly R, et al. Economic evaluation of frequent home nocturnal hemodialysis based
on a randomized controlled trial. J Am Soc Nephrol. 2014;25(3):587-594. doi:10.1681/ASN.2013040360

34. Statistics Canada. Consumer price index, annual average, not seasonally adjusted. https://www150.statcan.gc.
ca/t1/tbl1/en/tv.action?pid=1810000501. Accessed June 14, 2019.

35. Manning WG, Mullahy J. Estimating log models: to transform or not to transform? J Health Econ. 2001;20(4):
461-494. doi:10.1016/S0167-6296(01)00086-8

36. Molosankwe I, Patel A, José Gagliardino J, Knapp M, McDaid D. Economic aspects of the association between
diabetes and depression: a systematic review. J Affect Disord. 2012;142(suppl):542-S55. doi:10.1016/S0165-0327
(12)70008-3

37. Chereches RM, Litan CM, Zlati AM, Bloom JR. Does co-morbid depression impact diabetes related costs?

evidence from a cross-sectional survey in a low-income country. J Ment Health Policy Econ. 2012;15(3):127-138.

38. Le TK, Curtis B, Kahle-Wrobleski K, Johnston J, Haldane D, Melfi C. Treatment patterns and resource use
among patients with comorbid diabetes mellitus and major depressive disorder. J Med Econ. 2011;14(4):440-447.
doi:10.3111/13696998.2011.588507

39. Subramaniam M, Sum CF, Pek E, et al. Comorbid depression and increased health care utilisation in individuals
with diabetes. Gen Hosp Psychiatry. 2009;31(3):220-224. doi:10.1016/j.genhosppsych.2009.01.001

[5 JAMA Network Open. 2019;2(8):€199910. doi:10.1001/jamanetworkopen.2019.9910 August 23,2019 nn4

Downloaded From: https://jamanetwor k.com/ Non-Human Traffic (NHT) by Jose Vazquez on 08/23/2019


https://dx.doi.org/10.1016/j.jagp.2013.01.056
https://dx.doi.org/10.1016/j.jad.2016.02.011
https://dx.doi.org/10.1016/j.jad.2016.02.011
https://dx.doi.org/10.1007/s11126-015-9408-9
https://www.albertahealthservices.ca/Publications/ahs-pub-pr-def-amb-care-sensitive-cond.pdf
https://www.albertahealthservices.ca/Publications/ahs-pub-pr-def-amb-care-sensitive-cond.pdf
https://dx.doi.org/10.1503/cmaj.080063
https://dx.doi.org/10.1186/s12911-015-0155-5
https://dx.doi.org/10.1186/s12911-015-0155-5
https://dx.doi.org/10.2215/CJN.08720816
https://dx.doi.org/10.7326/0003-4819-158-11-201306040-00007
https://dx.doi.org/10.1186/1471-2369-10-30
https://www.ncbi.nlm.nih.gov/pubmed/22936784
https://www.ncbi.nlm.nih.gov/pubmed/22717317
https://www.ncbi.nlm.nih.gov/pubmed/22717317
https://www.ncbi.nlm.nih.gov/pubmed/25733525
https://dx.doi.org/10.1111/j.1475-6773.2007.00822.x
https://www.ncbi.nlm.nih.gov/pubmed/23238665
https://dx.doi.org/10.1681/ASN.2013040360
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1810000501
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1810000501
https://dx.doi.org/10.1016/S0167-6296(01)00086-8
https://dx.doi.org/10.1016/S0165-0327(12)70008-3
https://dx.doi.org/10.1016/S0165-0327(12)70008-3
https://www.ncbi.nlm.nih.gov/pubmed/23001281
https://dx.doi.org/10.3111/13696998.2011.588507
https://dx.doi.org/10.1016/j.genhosppsych.2009.01.001

JAMA Network Open | Health Policy Mental Health Disorders and Health Care Utilization and Costs for Patients With Chronic Disease

40. Abbas Tavallaii S, Ebrahimnia M, Shamspour N, Assari S. Effect of depression on health care utilization in
patients with end-stage renal disease treated with hemodialysis. Eur J Intern Med. 2009;20(4):411-414. doi:10.
1016/j.€jim.2009.03.007

41. Egede LE, Zheng D, Simpson K. Comorbid depression is associated with increased health care use and
expenditures in individuals with diabetes. Diabetes Care. 2002;25(3):464-470. doi:10.2337/diacare.25.3.464

42. XuW, Collet JP, Shapiro S, et al. Independent effect of depression and anxiety on chronic obstructive
pulmonary disease exacerbations and hospitalizations. Am J Respir Crit Care Med. 2008;178(9):913-920. doi:10.
1164/rccm.200804-6190C

43. Egede LE, Gebregziabher M, Zhao Y, et al. Differential impact of mental health multimorbidity on healthcare
costs in diabetes. Am J Manag Care. 2015;21(8):535-544.

44, Sajatovic M, Welter E, Tatsuoka C, Perzynski AT, Einstadter D. Electronic medical record analysis of emergency
room visits and hospitalizations in individuals with epilepsy and mental iliness comorbidity. Epilepsy Behav. 2015;
50:55-60. doi:10.1016/j.yebeh.2015.05.016

45. Hutter N, Knecht A, Baumeister H. Health care costs in persons with asthma and comorbid mental disorders:
a systematic review. Gen Hosp Psychiatry. 2011;33(5):443-453. doi:10.1016/j.genhosppsych.2011.06.013

46. Pugh MJ, Zeber JE, Copeland LA, Tabares JV, Cramer JA. Psychiatric disease burden profiles among veterans
with epilepsy: the association with health services utilization. Psychiatr Serv. 2008;59(8):925-928. doi:10.1176/ps.
2008.59.8.925

47. Sayers SL, Hanrahan N, Kutney A, Clarke SP, Reis BF, Riegel B. Psychiatric comorbidity and greater
hospitalization risk, longer length of stay, and higher hospitalization costs in older adults with heart failure. J Am
Geriatr Soc. 2007;55(10):1585-1591. doi:10.1111/j.1532-5415.2007.01368.x

48. Yoon J, Yano EM, Altman L, et al. Reducing costs of acute care for ambulatory care-sensitive medical
conditions: the central roles of comorbid mental iliness. Med Care. 2012;50(8):705-713. doi:10.1097/MLR.
0b013e31824e3379

49. Merrick ESL, Hodgkin D, Garnick DW, et al. Older adults' inpatient and emergency department utilization for
ambulatory-care-sensitive conditions: relationship with alcohol consumption. J Aging Health. 2011;23(1):86-111.
doi:10.1177/0898264310383156

50. Davydow DS, Ribe AR, Pedersen HS, et al. Serious mental illness and risk for hospitalizations and
rehospitalizations for ambulatory care-sensitive conditions in Denmark: a nationwide population-based cohort
study. Med Care. 2016;54(1):90-97. doi:10.1097/MLR.0000000000000448

51. Hensel JM, Taylor VH, Fung K, Yang R, Vigod SN. Acute care use for ambulatory care-sensitive conditions in
high-cost users of medical care with mental illness and addictions [published online January 1, 2018]. Can J
Psychiatry. 2018:706743717752880. doi:10.1177/0706743717752880

52. Hamre HJ, Witt CM, Glockmann A, et al. Health costs in patients treated for depression, in patients with
depressive symptoms treated for another chronic disorder, and in non-depressed patients: a two-year prospective
cohort study in anthroposophic outpatient settings. Eur J Health Econ. 2010;11(1):77-94. doi:10.1007/s10198-
009-0203-0

53. Voinov B, Richie WD, Bailey RK. Depression and chronic diseases: it is time for a synergistic mental health and
primary care approach. Prim Care Companion CNS Disord. 2013;15(2):PCC.12r01468.

54. Saitz R. Lost in translation: the perils of implementing alcohol brief intervention when there are gapsin
evidence and its interpretation. Addiction. 2014;109(7):1060-1062. doi:10.1111/add.12500

55. Kaner EF, Beyer F, Dickinson HO, et al. Effectiveness of brief alcohol interventions in primary care populations.
Cochrane Database Syst Rev. 2007;(2):CD004148.

56. Saitz R, Palfai TP, Cheng DM, et al. Brief intervention for medical inpatients with unhealthy alcohol use:
arandomized, controlled trial. Ann Intern Med. 2007;146(3):167-176. doi:10.7326/0003-4819-146-3-
200702060-00005

57. Bernstein E, Edwards E, Dorfman D, Heeren T, Bliss C, Bernstein J. Screening and brief intervention to reduce
marijuana use among youth and young adults in a pediatric emergency department. Acad Emerg Med. 2009;16
(11):1174-1185. doi:10.1111/j.1553-2712.2009.00490.x

58. Zahradnik A, Otto C, Crackau B, et al. Randomized controlled trial of a brief intervention for problematic
prescription drug use in non-treatment-seeking patients. Addiction. 2009;104(1):109-117. doi:10.1111/j.1360-0443.
2008.02421.x

59. Bernstein J, Bernstein E, Tassiopoulos K, Heeren T, Levenson S, Hingson R. Brief motivational intervention at
a clinic visit reduces cocaine and heroin use. Drug Alcohol Depend. 2005;77(1):49-59. doi:10.1016/j.drugalcdep.
2004.07.006

[5 JAMA Network Open. 2019;2(8):€199910. doi:10.1001/jamanetworkopen.2019.9910 August 23,2019 12/14

Downloaded From: https://jamanetwor k.com/ Non-Human Traffic (NHT) by Jose Vazquez on 08/23/2019


https://dx.doi.org/10.1016/j.ejim.2009.03.007
https://dx.doi.org/10.1016/j.ejim.2009.03.007
https://dx.doi.org/10.2337/diacare.25.3.464
https://dx.doi.org/10.1164/rccm.200804-619OC
https://dx.doi.org/10.1164/rccm.200804-619OC
https://www.ncbi.nlm.nih.gov/pubmed/26295353
https://dx.doi.org/10.1016/j.yebeh.2015.05.016
https://dx.doi.org/10.1016/j.genhosppsych.2011.06.013
https://dx.doi.org/10.1176/ps.2008.59.8.925
https://dx.doi.org/10.1176/ps.2008.59.8.925
https://dx.doi.org/10.1111/j.1532-5415.2007.01368.x
https://dx.doi.org/10.1097/MLR.0b013e31824e3379
https://dx.doi.org/10.1097/MLR.0b013e31824e3379
https://dx.doi.org/10.1177/0898264310383156
https://dx.doi.org/10.1097/MLR.0000000000000448
https://dx.doi.org/10.1177/0706743717752880
https://dx.doi.org/10.1007/s10198-009-0203-0
https://dx.doi.org/10.1007/s10198-009-0203-0
https://www.ncbi.nlm.nih.gov/pubmed/23930236
https://dx.doi.org/10.1111/add.12500
https://www.ncbi.nlm.nih.gov/pubmed/17443541
https://dx.doi.org/10.7326/0003-4819-146-3-200702060-00005
https://dx.doi.org/10.7326/0003-4819-146-3-200702060-00005
https://dx.doi.org/10.1111/j.1553-2712.2009.00490.x
https://dx.doi.org/10.1111/j.1360-0443.2008.02421.x
https://dx.doi.org/10.1111/j.1360-0443.2008.02421.x
https://dx.doi.org/10.1016/j.drugalcdep.2004.07.006
https://dx.doi.org/10.1016/j.drugalcdep.2004.07.006

JAMA Network Open | Health Policy Mental Health Disorders and Health Care Utilization and Costs for Patients With Chronic Disease

60. Madras BK, Compton WM, Avula D, Stegbauer T, Stein JB, Clark HW. Screening, brief interventions, referral to
treatment (SBIRT) for illicit drug and alcohol use at multiple healthcare sites: comparison at intake and 6 months
later. Drug Alcohol Depend. 2009;99(1-3):280-295. doi:10.1016/j.drugalcdep.2008.08.003

61. Humeniuk R, Ali R, Babor T, et al. A randomized controlled trial of a brief intervention for illicit drugs linked to
the Alcohol, Smoking and Substance Involvement Screening Test (ASSIST) in clients recruited from primary health-
care settings in four countries. Addiction. 2012;107(5):957-966. doi:10.1111/j.1360-0443.2011.03740.x

62. Saitz R, Palfai TP, Cheng DM, et al. Screening and brief intervention for drug use in primary care: the ASPIRE
randomized clinical trial. JAMA. 2014;312(5):502-513. doi:10.1001/jama.2014.7862

63. Roy-Byrne P, Bumgardner K, Krupski A, et al. Brief intervention for problem drug use in safety-net primary care
settings: a randomized clinical trial. JAMA. 2014;312(5):492-501. doi:10.1001/jama.2014.7860

64. Dobscha SK, Ganzini L. A program for teaching psychiatric residents to provide integrated psychiatric and
primary medical care. Psychiatr Serv. 2001;52(12):1651-1653. doi:10.1176/appi.ps.52.12.1651

65. Asarnow JR, Rozenman M, Wiblin J, Zeltzer L. Integrated medical-behavioral care compared with usual
primary care for child and adolescent behavioral health: a meta-analysis. JAMA Pediatr. 2015;169(10):929-937.
doi:10.1001/jamapediatrics.2015.1141

66. Stiebel V, Schwartz CE. Physicians at the medicine/psychiatric interface: what do internist/psychiatrists do?
Psychosomatics. 2001;42(5):377-381. doi:10.1176/appi.psy.42.5.377

67. Schwab B, Drake RE, Burghardt EM. Health care of the chronically mentally ill: the culture broker model.
Community Ment Health J. 1988;24(3):174-184. doi:10.1007/BF00757135

68. Druss BG, Rohrbaugh RM, Levinson CM, Rosenheck RA. Integrated medical care for patients with serious
psychiatricillness: a randomized trial. Arch Gen Psychiatry. 2001;58(9):861-868. doi:10.1001/archpsyc.58.9.861

69. Katon WJ, Von Korff M, Lin EH, et al. The Pathways Study: a randomized trial of collaborative care in patients
with diabetes and depression. Arch Gen Psychiatry. 2004;61(10):1042-1049. doi:10.1001/archpsyc.61.10.1042

70. Katon WJ, Schoenbaum M, Fan M-Y, et al. Cost-effectiveness of improving primary care treatment of late-life
depression. Arch Gen Psychiatry. 2005;62(12):1313-1320. doi:10.1001/archpsyc.62.12.1313

71. Hay JW, Katon WJ, Ell K, Lee P-J, Guterman JJ. Cost-effectiveness analysis of collaborative care management
of major depression among low-income, predominantly Hispanics with diabetes. Value Health. 2012;15(2):
249-254. doi:10.1016/j.jval.2011.09.008

72. Chisholm D, Sweeny K, Sheehan P, et al. Scaling-up treatment of depression and anxiety: a global return on
investment analysis. Lancet Psychiatry. 2016;3(5):415-424. doi:10.1016/52215-0366(16)30024-4

73. Summergrad P. Investing in global mental health: the time for action is now. Lancet Psychiatry. 2016;3(5):
390-391. doi:10.1016/52215-0366(16)30031-1

74. Bartels SJ. Improving system of care for older adults with mental illness in the United States: findings and
recommendations for the President’s New Freedom Commission on Mental Health. Am J Geriatr Psychiatry.
2003;11(5):486-497. doi:10.1097/00019442-200309000-00003

75. Bartels SJ. Caring for the whole person: integrated health care for older adults with severe mental iliness and
medical comorbidity. J Am Geriatr Soc. 2004;52(12)(suppl):5249-5257. doi:10.1111/j.1532-5415.2004.52601.x

76. O'Byrne TJ, Shah ND, Wood D, et al. Episode-based payment: evaluating the impact on chronic conditions.
Medicare Medicaid Res Rev. 2013;3(3).

77. Quinn AE, Hodgkin D, Perloff JN, et al. Design and impact of bundled payment for detox and follow-up care.
J Subst Abuse Treat. 2017;82:113-121.

78. de Bakker DH, Struijs JN, Baan CB, et al. Early results from adoption of bundled payment for diabetes care in
the Netherlands show improvement in care coordination. Health Aff (Millwood). 2012;31(2):426-433. doi:10.1377/
hlthaff.2011.0912

79. Cutler DM, Ghosh K. The potential for cost savings through bundled episode payments. N Engl J Med. 2012;
366(12):1075-1077.

SUPPLEMENT.

eTable 1. Administrative Data Codes Used to Define Chronic Diseases

eTable 2. Administrative Data Codes Used to Define Mental Health Disorders

eTable 3. Administrative Data Codes Used to Define Ambulatory Care-Sensitive Conditions

eTable 4. Mean 3-Year Unadjusted Costs for Adults With Chronic Disease, With and Without a Mental Health
Disorder, by Age, Sex, Income, and Rural Status

eTable 5. Mean 3-Year Unadjusted Costs for Adults With Chronic Disease, With and Without a Mental Health
Disorder, by Isolated Mental Health Disorder and Number of Comorbidities

[5 JAMA Network Open. 2019;2(8):€199910. doi:10.1001/jamanetworkopen.2019.9910 August 23,2019 13/14

Downloaded From: https://jamanetwor k.com/ Non-Human Traffic (NHT) by Jose Vazquez on 08/23/2019


https://dx.doi.org/10.1016/j.drugalcdep.2008.08.003
https://dx.doi.org/10.1111/j.1360-0443.2011.03740.x
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2014.7862&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.9910
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2014.7860&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.9910
https://dx.doi.org/10.1176/appi.ps.52.12.1651
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2015.1141&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.9910
https://dx.doi.org/10.1176/appi.psy.42.5.377
https://dx.doi.org/10.1007/BF00757135
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archpsyc.58.9.861&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.9910
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archpsyc.61.10.1042&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.9910
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archpsyc.62.12.1313&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.9910
https://dx.doi.org/10.1016/j.jval.2011.09.008
https://dx.doi.org/10.1016/S2215-0366(16)30024-4
https://dx.doi.org/10.1016/S2215-0366(16)30031-1
https://dx.doi.org/10.1097/00019442-200309000-00003
https://dx.doi.org/10.1111/j.1532-5415.2004.52601.x
https://www.ncbi.nlm.nih.gov/pubmed/24753973
https://www.ncbi.nlm.nih.gov/pubmed/24753973
https://www.ncbi.nlm.nih.gov/pubmed/29021109
https://dx.doi.org/10.1377/hlthaff.2011.0912
https://dx.doi.org/10.1377/hlthaff.2011.0912
https://www.ncbi.nlm.nih.gov/pubmed/22435368
https://www.ncbi.nlm.nih.gov/pubmed/22435368

JAMA Network Open | Health Policy Mental Health Disorders and Health Care Utilization and Costs for Patients With Chronic Disease

eTable 6. Parameter Estimates for Ordinary Least Squares Model for Total Costs

eFigure. Co-occurrence of Depression, Schizophrenia, Alcohol Use Disorder, and Drug Use Disorders Among
People With Chronic Disease and a Mental Health Disorder (N = 156 296)

eReferences.

[5 JAMA Network Open. 2019;2(8):€199910. doi:10.1001/jamanetworkopen.2019.9910 August 23,2019 1414

Downloaded From: https://jamanetwor k.com/ Non-Human Traffic (NHT) by Jose Vazquez on 08/23/2019



