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OBJECTIVE: To determine the incremental cost-effectiveness
of a quality improvement depression intervention (enhanced
care) in primary care settings relative to usual care.

DESIGN: Following stratification, we randomized 12 primary
care practices to enhanced or usual care conditions and
followed patients for 12 months.

SETTING: Primary care practices located in 10 states across
the United States.

PATIENTS/PARTICIPANTS: Two hundred eleven patients be-
ginning a new treatment episode for major depression.

INTERVENTIONS: Training the primary care team to assess,
educate, and monitor depressed patients during the acute and
continuation stages of their depression treatment episode over
1 year.

MEASUREMENTS AND MAIN RESULTS: Cost-effectiveness was
measured by calculating incremental (enhanced minus usual
care) costs and quality-adjusted life years (QALYs) derived from
SF-36 data. The mean incremental cost-effectiveness ratio in
the main analysis was $15,463 per QALY. The mean incre-
mental cost-effectiveness ratios for the sensitivity analyses
ranged from $11,341 (using geographic block variables to
control for pre-intervention service utilization) to $19,976
(increasing the cost estimates by 50%) per QALY.

CONCLUSIONS: This quality improvement depression inter-
vention was cost-effective relative to usual care compared to
cost-effectiveness ratios for common primary care interven-
tions and commonly cited cost-effectiveness ratio thresholds
for intervention implementation.
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With major depression projected to constitute an
increasing share of the global burden of disease,!
there have been concerted efforts worldwide to develop
more effective depression management strategies. In the
United States, efforts to improve depression management
have focused on the primary care setting,?® where a wide
diversity of “best practice models” to diagnose and manage
depression have been tested.*!® Incremental cost-
effectiveness analyses provide a useful framework for
comparing a wide variety of best practice models.'®

Interventions that integrate mental health profes-
sionals into the primary care setting have demonstrated
remission rates similar to those in specialty care efficacy
studies.>” However, widespread dissemination of inte-
grated interventions is unlikely, because the majority of
primary care clinics do not employ on-site mental health
professionals.’” The quality improvement intervention
tested in this study attempted to fill this gap by training
primary care professionals to more effectively identify and
treat depression. In particular, the intervention trained
office nurses to supplement the primary care physician’s
efforts to provide antidepressant medication treatment or
referral to mental health counseling. The development of
the intervention is presented in more detail elsewhere.'®

In a prospective study, we evaluated the incremental
cost-effectiveness of this brief quality improvement inter-
vention for primary care patients beginning a new treat-
ment episode for major depression relative to usual care.
We compared the quality-adjusted life years (QALYs) of
patients in practices who received the intervention
(enhanced care) to patients in practices who did not (usual
care). We estimated costs from a societal perspective by
calculating the costs of the intervention, health care
utilization, patient time, and transportation. We hypothe-
sized that over a 12-month period of time, the brief
intervention would be cost-effective compared to the
cost-effectiveness (CE) ratios of common primary care
interventions and commonly cited CE ratio thresholds for
intervention implementation.

METHODS
Design

We used a randomized block design described pre-
viously to compare outcome differences between enhanced
and usual care.'® A 2-stage stratification plan was used to
randomly assign practices to enhanced or usual care. The
first stage divided 12 practices identified by numerical code
into metropolitan versus nonmetropolitan location in order
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to identify primary care sites with more (metropolitan) or
less (nonmetropolitan) access to off-site mental health
specialty care. The second stage paired 8 metropolitan
practices and 4 nonmetropolitan practices based on the
participating physicians’ baseline (i.e., pre-intervention)
proclivity to treat depressed patients in accordance with
Agency for Healthcare Research and Quality (AHRQ)
depression treatment guideline recommendations.!®2°
Baseline physician concordance with AHRQ treatment
guidelines (concordance defined as patient on guideline-
recommended dose of antidepressant medication and/or in
specialty care counseling) was determined by reviewing
treatment logs completed by each participating physician
for 20 consecutive depressed patients.'® One practice from
each of the 6 pairs was then randomly selected to
participate in the enhanced care intervention and the other
practice provided usual care.

Intervention

Primary care teams assigned to the enhanced care
condition completed the intervention training before
subject recruitment began. Physicians and nurses com-
pleted a series of 4 academic detailing telephone calls over
a 2-month period, the goal of which was to systematically
engage providers with the content of Agency for Health
Care Policy and Research Guidelines.?°?! The interven-
tion presented pharmacotherapy and psychotherapy as
equally efficacious treatments.'® The nurses completed
an additional 8-hour face-to-face training session, con-
ducted by the research team, designed to teach them to
assess, educate, and monitor depressed patients during
the acute and continuation stages of their depression
episode.'® Administrative staff in both enhanced and
usual care practices completed an 8-hour training
session on recruiting eligible patients using a 2-stage
screening process.

At the initial visit, the nurse assessed depression
symptoms, provided information to the patient about his/
her preferred treatment, asked patients to complete an
individualized assignment to increase or maintain their
readiness to engage in active treatment, and arranged a
time to talk with the patient during the next week. This
material was summarized and documented on a short
checklist attached to the front of the patient’s chart prior to
the physician visit. The nurses used a similar protocol to
conduct 15-minute telephone or in-person follow-up dis-
cussions with patients during the next 5 to 7 weeks,
averaging a total of 5.2 (SD = 1.9) contacts with each
patient participating in the acute treatment stage. The
continuation stage intervention was implemented on aver-
age 9 months after subjects’ index visits to facilitate the re-
initiation or adjustment of treatment in patients who were
symptomatic (i.e., reporting 3 or more depression symptoms)
at that time-point. Patient components of the continuation
intervention included periodic symptom/treatment moni-
toring by nurse care managers, who also encouraged

patients to participate in active treatment. Physician com-
ponents of the continuation intervention included reviewing
monthly patient symptom/treatment summaries and
recommendations for treatment re-initiation/adjustment
(see Appendix at www.blackwellpublishing.com/jgi).>?
Nurses completed an average of 4.0 (SD = 2.9) symptom/
treatment monitoring contacts among patients participating
in the continuation intervention prior to 12-month follow-
up. Physicians in usual care practices were not informed
about which patients were participating in the study, nor did
their nurses receive the enhanced care training or contact
depressed subjects on a regular basis. All primary care
professionals were salaried employees of the practice, not
the study; however, the time they spent providing the
intervention was factored into the intervention costs as
described below.

Sites

The 12 primary care practices were located in 10 states
across the country. Each practice was a member of 1 of 3
practice research networks, had 2 primary care physicians
(family physicians or internists) willing to participate in the
study, an office nurse willing to deliver the nursing
intervention as detailed in the protocol if the practice was
randomized to the enhanced care condition, and practice
coordinators (administrative staff) willing to screen patients
for major depression as part of usual care; none of the
practices engaged an on-site mental health professional to
provide depression treatment.

Subjects

Subject recruitment, described at length elsewhere, '®
included a 2-stage screening process in 1996-1997 to
identify a representative group of primary care patients
beginning a new treatment episode for major depression, as
defined in the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-1V), before they saw the
participating physician for the index visit (Fig. 1).

Patients were eligible for this analysis if they: i) reported
5 or more of the 9 criteria for major depression in the past
2 weeks using the Inventory to Diagnose Depression>;
ii) screened negative for lifetime mania; iii) screened negative
for lifetime alcohol dependence with current drinking; iv) did
not meet DSM-IV criteria for bereavement-related depres-
sion; v) reported no antidepressant medication in the
last month and no specialty mental health care in the last
6 months; and (vi) had sufficient SF-36 data at baseline, 6,
and 12 months to calculate SF-36 quality-adjusted index
scores. The sixth eligibility criterion eliminated 5 otherwise
eligible subjects from this study. In virtually all cases, both
screening and enrollment were completed before the
patient saw the physician for the index visit. Study
enrollment procedures, including management of suicidal
intent, were approved by the Human Research Advisory
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11,006 Patients Screened

653 Potentially Eligible

174 Refused to Participate

12 Clinics Randomized
479 Eligible Patients Enrolled

6 Clinics Randomized to
Enhanced Care

6 Clinics Randomized to
Usual Care

124 Recently
treated

144 Recently
treated

115 Not Recently Treated
(108 received intervention)

96 Not Recently Treated
(0 received intervention)

95 Followed at 6 months
(92 received intervention)

81 Followed at 12 months
(80 received intervention)

FIGURE 1. Subject recruitment and participation flow chart.

Committee of the University of Arkansas for Medical
Sciences and the Colorado Multi-institutional Review
Board. Although this study was one of the first investi-
gations to attempt to enroll a representative (rather than
referred) population of depressed primary care patients,
we increased the representativeness of the sample by
weighting subject responses to reflect the probability of
being enrolled in the sample and the probability of
completing the follow-up interviews. The enrollment
and completed interview weights were based on demo-
graphic and clinical characteristics of enrolled and eligible
subjects, and interview completed and not completed
subjects, respectively.

Data Collection

Patients completed telephone interviews with the
research team during the week following the index visit
before any newly initiated intervention would be expected

91 Followed at 6 months

86 Followed at 12 months

to have a substantial effect. Structured telephone inter-
views were conducted again at 6 (88.2% of subjects
completed) and 12 months (79.2% of subjects completed)
following the index visit by the same interviewer. The
interviewer was blinded to the subject’s treatment con-
dition except in 3 cases wherein the research team needed
to contact the practice for assistance locating a subject.

Measurement of Quality-adjusted Life Years

We used a conversion formula reported by Brazier
et al.2* to calculate QALYs from baseline, 6-, and 12-month
SF-36 data using visual analog scale (VAS) quality-
adjustment weights. We chose the Brazier et al. method
because it was based on a well-validated and commonly
used generic health-related quality-of-life instrument, the
SF-36. We chose the VAS adjustment weights because the
VAS model satisfied the conventional diagnostic statistical
tests and the standard gamble model did not.?>* Based on
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Tukey's 1 degree of freedom test, we found that adding
quadratic terms for physical functioning and the mental
health index to the original conversion formula improved
the fit of the regression model of SF-36 subscale scores
predicting the visual analog scale scores. In the main
analysis, we used the SF-36 to QALY conversion formula
with the additional quadratic terms. In 1 of the sensitivity
analyses, we used the original SF-36 to QALY conversion
formula without the quadratic terms. In order to calculate
the QALYs associated with each subject, we used an area
under the curve calculation of the baseline, 6-, and
12-month quality-adjusted SF-36 data.?®

Measurement of Costs

The cost of the intervention was determined from a
societal perspective using a cost accountant approach.?®
As previously described, intervention costs included train-
ing and implementation costs for physicians, nurses, and
office staff coordinators for the acute phase of the
intervention.'® Training costs included trainee time, air-
fare, meals and lodging, training manual costs, and trainer
time. Implementation costs included primary care clinic
staff time costs for patient screening, preparation for and
delivery of the patient intervention, postsession record-
keeping, communication among providers delivering the
intervention, and posttraining supervision. The imple-
mentation costs of the acute and continuation stage
components of the intervention across all study subjects
over the 12-month period were $130 per capita. The
implementation plus training costs were $247 per capita.

We also estimated the differences in total outpatient
health care expenditures, time, and transportation costs
between enhanced and usual care patients over a 12-
month period (Table 1). We did not include hospital costs in
the analysis because they were infrequent and expensive
events in our sample of primary care depressed patients
and our sample size was too small to provide reliable
inferences with hospital costs in the analysis. Outpatient
health care expenditures for emergency room visits, primary

care and specialty mental health care visits, and psycho-
tropic medication during the time of the intervention were
estimated from patient report at the 6- and 12-month
interviews. Preintervention health care expenditures were
estimated for the 6 months prior to the baseline interview. All
costs were adjusted to reflect year 2000 dollars. Costs for an
emergency room visit were estimated at $500.2” Outpatient
visit costs were estimated using 1999 average Medicare
payment rates adjusted to year 2000 dollars. For primary
care physical health visits we used $35.51, for primary care
mental health visits we used $55.78, for specialty mental
health psychiatrist visits we used $92.83, and for specialty
mental health nonpsychiatrist visits we used $87.34.
Psychotropic medication costs were priced at the lowest
average generic wholesale price per medication dosage as
reported in the 2000 Red Book of Prescription Drugs.

Time costs were estimated from patient reports of travel
times to and from the clinic and waiting time. For employed
patients, time costs were calculated using self-reported
wage rates. For unemployed patients, we used the Federal
minimum hourly wage for the year 2000 ($5.15) as a proxy
of their time costs. Transportation costs were calculated
from patient-reported round-trip miles to and from the
location of services at a mileage rate of $0.325/mile.

Incremental Cost-effectiveness Ratio

The numerator in the incremental CE ratio is the
difference in cost between enhanced care (EC) and usual
care (UC). The denominator is the difference in QALYs
between enhanced and usual care.

cost (EC) — cost (UC)
QALY (EC) — QALY (UC)

Costs and health effects were not discounted because the
time horizon of the study was only 12 months.'® For the
main analysis, we defined total costs as intervention
implementation costs, outpatient healthcare costs (emer-
gency room, outpatient primary care and specialty care,
and psychotropic medication), time costs (travel time to

Table 1. Descriptive Overview of Average Costs per Patient by Cost Domain for Enhanced and Usual Care Groups
in Year 2000 U.S. Dollars

6 Months 0-6 Months 6-12 Months
Pre-intervention Post-intervention Post-intervention

EC uc EC uc EC uc
PC (ph) 135 156 111 142 107 160
PC (mh) 82 102 150 86 94 93
SC (mh) 0 0 183 39 155 32
MH meds 24 20 245 103 215 112
Emergency room 382 399 300 246 249 259
Patient transport 30 60 57 42 38 74
Patient time 104 139 145 125 143 137

EC, enhanced care; UC, usual care; PC (ph), primary care visits for physical health problems; PC (mh), primary care visits for mental health
problems; SC (mh), specialty mental health care visits; MH meds, mental health (psychotropic) medications.
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and from medical services, waiting time, and time with the
clinician), and transportation costs.'® We did not include
hospital costs because they typically constitute the largest
single item dollar cost and affect only a small proportion of
subjects and, therefore, are difficult to estimate with
precision. We did not include productivity costs (lost wages
for partial and full workdays missed for health-related
reasons) because the enhanced productivity or functioning
associated with an intervention is often thought of as part
of the nonmonetized denominator of a cost-effectiveness
ratio. In addition, it is difficult to separate the health-
related quality-of-life (HRQL) effects of being ill from effects
on role function and other experiences associated with the
use of time.'®

Covariates

Sociodemographic covariates included: age and
annual household income adjusted by family size as
continuous variables; and gender, minority status, marital
status (currently married or not), education (high school
graduate or not), employment status (working full/part
time or not), and health insurance status (insured or not)
as dichotomous variables. Clinical covariates included
continuous measures of physical health comorbidity,
depression severity, and a dichotomous measure of
dysthymia during the past year. Physical health comor-
bidity was measured by summing the number of 14
chronic physical conditions the subject reported at
baseline and coding as O, 1, or 2 or more physical health
comorbidities. Depression severity was measured using a
modified Center for Epidemiologic Studies — Depression
(CES-D) scale. The CES-D was modified (mCES-D) in
order to include more items that reflected the DSM-IV
criteria for major depression. The modifications are
described in more detail elsewhere.'® Briefly, 7 items from
the original 20-item CES-D that did not directly parallel
DSM-IV criteria for major depression were removed, and
10 items were added, using the original CES-D question
format. Scoring was standardized on a O- to 100-point
scale with higher scores reflecting more severe depressive
symptoms. The « coefficient for the mCES-D scale was
0.91. Dysthymia was measured using World Health
Organization-Composite International Diagnostic Inter-
view criteria for dysthymia within the past year.?® Anti-
depressant medication and mental health counseling
acceptance were collected at baseline using a 4-point
Likert-type scale (definitely acceptable, probably accept-
able, probably not acceptable, and definitely not accept-
able). These results were dichotomized into acceptable
and not acceptable in order to simplify the interpretation
of these parameter estimates.

Statistical Analysis

We conducted intent-to-treat analyses, comparing
enhanced versus usual care outcomes (costs and QALYs).

We estimated random effects models, in which patients
were nested within practices, to test for intraclass correla-
tion at the practice level for costs and QALYs. Results
indicated minimal intraclass correlation (ICC) and little
variation across practices with respect to cost and QALYs
(ICC = 0.025 and 0.0007, respectively). Therefore, ordinary
least squares regression analysis was used to estimate the
impact of the intervention on costs and QALYs.

We evaluated the incremental effect (enhanced minus
usual care) of the intervention on costs and QALYs using
the perspective of a typical patient in our sample. The
model for predicting costs was the same as described above
for predicting QALYs, except that we added preintervention
costs as a covariate in the cost model. Because of the
skewed distribution of health care costs, we used a 2-part
log transformation of health care costs. The distribution of
the log-transformed cost residuals was not normal but
homoscedastic, and we used the appropriate smearing
retransformation to calculate predicted costs.?® In addi-
tion, because the distribution of the retransformed incre-
mental cost estimate is not well defined, we used a
nonparametric bootstrap with replacement method to
generate 95% confidence intervals for each mean incre-
mental cost estimate.>°

Typical standard error estimation methods do not
apply to CE ratios because the possibility of having a zero
or near zero denominator is nonnegligible, and the
independence of cost and effectiveness estimates is not
certain.®' Therefore, we used a nonparametric bootstrap
with replacement method to generate a joint distribution of
costs and QALYs.?! We solved simultaneous multiple
regression equations for costs and QALYs with each
bootstrap sample. Using this bootstrap with replacement
method and 1,000 replications, we generated a bivariate
incremental cost and QALY plot,*? and acceptability curve
representing the probability that the mean incremental CE
ratio will be less than CE thresholds ranging from $0 to
$100,000 per QALY saved.>?

We conducted 4 sensitivity analyses. In the first
sensitivity analysis, we controlled for preintervention
health care costs by using stratification block variables
describing the 6 paired enhanced/usual care clinics
instead of preintervention patient-reported costs. The
reason for conducting this sensitivity analysis was to
facilitate comparison with a cost-effectiveness analysis
(CEA) from a companion study (Partners in Care), which
used the block variable approach.?” In the second sen-
sitivity analysis, we added the training costs to the main
analysis intervention implementation costs. While training
costs are often excluded from primary care depression
intervention cost-effectiveness analyses,?”-34:35
cluded this sensitivity analysis in order to reflect all of the
start-up costs associated with implementing the interven-

we in-

tion. In the third sensitivity analysis, we calculated QALYs
using the original SF-36 conversion formula as described by
Brazier et al.?* without the quadratic terms (described in the
Measurement of Quality-adjusted Life Years section above).
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This sensitivity analysis was done in order to facilitate
comparisons with CEAs that do not include the quadratic
terms. In the fourth sensitivity analysis, we varied the
outpatient health care cost estimates listed in the Methods
section (emergency room visits, primary care and specialty
mental health care visits, and psychotropic medication) by
plus and minus 50%. This sensitivity analysis was done to
determine the robustness of our conclusions to the cost
estimates used in the analysis.

The authors are not aware of any conflict of interest
associated with the conduct of this research study or the
preparation of this manuscript. Specifically, we are not
aware of any personal or financial relationships that might
bias this work. The study sponsors were not involved in the
study design, data collection, analysis, or interpretation,
manuscript preparation, or decision to submit this manu-
script for publication. The authors had full access to the
data and accept full responsibility for the integrity of the
data and the data analysis.

RESULTS
Patient Description

As shown in Figure 1 and described in more detail
elsewhere, % 5.9% (653/11,006) of patients screened were
potentially eligible for the study, and 26.6% of these
patients (174/653) did not complete the baseline interview
where final eligibility of this sample was determined.

As shown in Table 2, the 96 subjects in usual care
practices and 115 subjects in the enhanced care practices
were sociodemographically and clinically comparable with
3 exceptions. Subjects in usual care were older (46.6 vs
40.2 years, P = .002), less depressed on the mCES-D scale
(50.9 vs 57.6, P = .01), and had more physical health
comorbidities (63.5% vs 46.1% had 2 or more physical
health comorbidities, P = .03) than the enhanced care
subjects. Compared to the usual care group, the enhanced
care patients reported greater use of antidepressant med-
ications (65% vs 32%, P < .001) during the 12 months
following baseline. There were no differences in baseline
SF-36 VAS scores or in antidepressant acceptability
between the usual and enhanced care patients. All signifi-
cant baseline differences between enhanced and usual care
patients were controlled for in multivariate analyses.

Intervention Effects on QALY

The effect of the intervention on QALYs, controlling for
the sociodemographic and clinical covariates listed above
was significant (3 = 0.04, P < .05) (Table 3). In the bootstrap
with replacement sample, the mean incremental outcome
effect of the intervention relative to usual care was 0.041
QALYs (95% confidence interval [95% CI], 0.040 to 0.042).
Similarly, the decrease in depression severity from baseline
to 12 months was 7.7 units greater in the enhanced versus
usual care groups (P < .05). In addition, a growth curve

Table 2. Sociodemographic and Clinical Comparison by
Treatment Group

Usual Care Enhanced Care
N =96 N=115
Mean age, y (SD) 46.6* 40.2
(14.2) (14.7)
Mean household income, 13.6 9.7
adjusted (SD)! (23.9) (10.7)
Mean mCES-D (SD) 50.8* 57.6
(19.2) (18.5)
Mean VAS SF-36 (SD)* 0.446 0.453
(0.160) (0.127)
Female, % 85.4 83.5
Caucasian, % 81.3 87.0
Married, % 45.8 48.7
HS graduate, % 79.2 79.1
Employed, % 61.5 62.6
Insured, % 79.2 85.2
Dysthymia, % 8.3 11.3
Physical health
comorbidities, %
None 15.6* 27.0
One 20.8 27.0
Two or more 63.5 46.1
Report antidepressants 50.0 54.8
acceptable, %
Report counseling 63.5 73.0

acceptable, %

*P < .05 for separate comparisons of usual versus enhanced care.
 Annual household income per member of the household divided by
1,000.

1 VAS SF-36 represents the visual analogue scale conversion of the
SF-36 to a quality-adjusted index score.

mCESD, modified Center for Epidemiologic Studies-Depression
scale.

analysis of depression-specific outcomes demonstrated
that the intervention improved the probability of depres-
sion remission and role functioning over time.>?

Intervention Effect on Costs

The effect of the intervention on costs, controlling for
the sociodemographic and clinical covariates listed above,
was also statistically significant (3 = 0.40, P = .006). In the
bootstrap with replacement sample, the mean incremental
cost effect of the intervention relative to usual care was
$634 (95% CI, $618 to $650).

Cost-effectiveness Ratios

Using the above data from the bootstrap sample, the
mean incremental CE ratio for the intervention versus
usual care was $15,463 per QALY (634/0.041). We also
created an incremental cost-per-QALY space diagram
(Fig. 2) and confirmed that the ratios tended to cluster in
the upper right-hand quadrant, also known as the trade-off
quadrant.®3:3¢ The trade-off aspect of the upper right-hand
quadrant of Figure 2 is dependent on the CE ratio threshold
that is considered acceptable for implementing the inter-
vention (in general, the higher the CE ratio, the less likely
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Table 3. Regression Results Predicting QALYs and Cost*

Variable B for QALY B for Costf

Age —0.002} 0.002

Adjusted income 0.0005 0.004

Baseline depression (mCES-D) —0.003° 0.008

Gender (O=F, 1=M) -0.04 -0.11

Ethnicity, caucasian 0.004 0.29
(O=N,1=Y)

Marital status, married 0.005 0.16
(0O=N,1=Y)

High school education —0.02 0.11
(O=N,1=Y)

Employment status 0.10° —-0.20
0=N,1=Y)

Health insurance status —-0.05 0.85°
0=N,1=Y)

Dysthymia (0 =N, 1 =Y) —0.02 0.45

Physical health comorbidity —0.06° -0.11
(O=none, 1 =1, 2 =2+)

Report antidepressants —0.006 0.11
acceptable (0 =N, 1 =Y)

Report counseling acceptable -0.01 0.22
O0=N,1=Y)

Intervention (O =N, 1 =Y) 0.04} 0.40!

Baseline cost (In) NA 0.28°

* QALY and cost regression equations included weighted subject
responses to account for the probability of enrollment and attrition
over time.

"In (cost); 3 is the beta value representing the relationship between
the independent variable and QALY or cost controlling for the effect
of the other independent variables.

‘P <.05.

SP <.001.

I'p <.01.

QALY, quality-adjusted life year; mCES-D, modified Center for
Epidemiologic Studies-Depression scale.

the intervention will be implemented). Commonly cited CE
ratio thresholds are depicted by the diagonal lines in
Figure 2 and represent $20,000 per QALY and $50,000
per QALY. The $20,000-per-QALY threshold is similar to
the CE ratio estimate for treating mild hypertension in
middle-aged males, and the $50,000-per-QALY threshold
is similar to the CE ratio estimate for treating end-stage
renal failure with peritoneal dialysis.>”

To enhance the interpretability of the cost-per-QALY
space diagram, we used the bootstrap data to generate an
incremental CE ratio acceptability curve, which plots the
probability that the mean incremental CE ratio will fall
below CE thresholds ranging from $0 to $100,000 per
QALY (Fig. 3). For example, the probability that the mean
CE ratio was less than the $20,000 per QALY threshold was
0.65, and the probability that the mean CE ratio was less
than the $50,000 per QALY threshold was 0.91.

Sensitivity Analyses

In the first sensitivity analysis, we controlled for pre-
intervention service utilization by using stratification block
dummy variables describing the 6 paired enhanced/usual
care clinics instead of preintervention costs. The mean
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FIGURE 2. Bivariate incremental cost per quality-adjusted life
year (QALY) plot, depicting a bootstrap sample (N = 1,000) with
replacement of the mean incremental (enhanced minus usual
care) cost-effectiveness ratios from this study. The diagonal
lines through the center of Figure 2 represent the cost-
effectiveness ratio thresholds of $20,000 and $50,000 per QALY.

incremental CE ratio using the geographic block variables
was $11,341 per QALY (465/0.041). In the second
sensitivity analysis, we included the training cost for the
intervention. The resulting mean incremental CE ratio was
$17,951 per QALY (736/0.041). In the third sensitivity
analysis, we calculated QALYs using the exact SF-36
conversion formula as described by Brazier et al.%* without
the quadratic terms. Without the quadratic terms, the
mean incremental QALY score was 0.042. The resulting
mean incremental CE ratio was $15,095 per QALY (634/
0.042). In the fourth sensitivity analysis we varied each of
the health care cost estimates listed in the Methods section
by £50% individually and collectively. The resulting mean
incremental cost-effectiveness ratios were all less than

1.0

wl—/
0.2 /
7

0-0 T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

Cost-Effectiveness Threshold
(in thousands of dollars)

Proportion below CE Threshold

FIGURE 3. Acceptability curve: probability that the mean cost-
effectiveness (CE) ratio will fall below CE thresholds ranging
from $0 to $100,000 per quality-adjusted life year (QALY). The
proportion below the CE threshold is calculated by using the
bivariate plot shown in Figure 2 and determining the proportion
of subjects below the CE threshold as it is varied from $0 to
$100,000 per QALY.
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$20,000 per QALY. The largest mean incremental CE ratio
was $19,976 per QALY (819/0.041) using 50% greater cost
estimates for the emergency room visits, primary care and
specialty mental health care visits, and psychotropic
medication. Worst and best case scenarios were estimated
using the 95% confidence intervals from the bootstrap
analyses reported above. The worst-case scenario was
$21,075 per QALY (843/0.040), based on the upper
confidence limit using 50% greater cost estimates and the
lower confidence limit for the SF-36 conversion formula
with quadratic terms. The best-case scenario was $10,372
per QALY (446/0.43) using the lower confidence limit for
the geographic block variables and the upper confidence
limit for the original SF-36 conversion formula.

DISCUSSION

The purpose of this study was to estimate the incre-
mental cost-effectiveness of a depression quality improve-
ment intervention in a representative sample of patients
from community primary care practices. This article
provides a unique contribution to the cost-effectiveness of
depression treatment literature for 2 reasons. First, the
QALYs used in this analysis are derived from a generic
HRQ@QL instrument, the SF-36, as recommended by the
Panel on Cost-Effectiveness in Health and Medicine.'®
In contrast, other depression CE analyses were based
on utility weights assigned to depression-specific
outcomes, 34353840 o1 hased solely on depression-specific
outcomes such as successfully treated cases*! or clinician
ratings of improvement.*? Second, the QALYs used in this
analysis are based on a total of 9,000 possible SF-36 health
states.?* In contrast, the depression treatment CE analysis
that used the SF-12 as a generic HRQL measure limited
itself to only 6 SF-12 depression-specific health states.?”

Among patients beginning a new treatment episode,
the mean incremental QALY saved in the main analysis
was 0.041, which is in the range considered clinically
significant for patients with chronic physical health
problems.*® The main analysis mean CE ratio was
$15,463, which is less than (more favorable than) the
commonly used CE thresholds of $20,000 and $50,000
per QALY.***® In sensitivity analyses, the range of CE
ratios was from $11,341 to $19,976 per QALY. All of the
sensitivity analyses except the worst-case scenario resulted
in CE ratios less than the more conservative CE ratio
threshold of $20,000 per QALY.*® The consistency of these
results supports the robustness of the model. In addition,
we would expect the intervention costs to decrease as more
patients receive the intervention, because the marginal cost
of the intervention (cost of treating an additional subject)
would be less than the average intervention cost used to
calculate the above CE ratios.

Our estimates of the incremental cost-effectiveness of
the depression intervention versus usual care for depres-
sion are consistent with previous estimates of the cost-
effectiveness of depression interventions. The following CE

ratios are adjusted to 2000 dollars to facilitate comparison
with the results of our study. Lave et al. reported CE
ratios for a nortriptyline protocol versus usual care in
primary care settings of $10,632 to $17,857 per QALY
and higher ratios for interpersonal psychotherapy versus
usual care.>® Simon et al. reported a CE ratio of $22,748
per QALY for a depression management program for high
utilizers of medical care.?® Schoenbaum et al. reported a
CE ratio range of $10,143 to $22,986 per QALY for a
Partners in Care quality improvement cognitive therapy
intervention.?”

In addition, our main analysis mean CE ratio ($15,463
per QALY) indicates that this intervention is a good or
better healthcare “value” compared to other commonly
implemented primary care interventions. For example, CE
ratios (adjusted to 2000 U.S. dollars) for some common
primary care interventions include: $2,271 for pneumono-
coccal vaccine for the elderly; $8,313 for smoking cessation
counseling; $14,015 for treatment of severe hypertension
in men; $28,552 for treatment of mild hypertension in
men; and $36,428 for chronic obstructive pulmonary
disease rehabilitation.*” Compared to these primary care
CE ratios, the value of this primary care depression
intervention is similar to that of the treatment of severe
hypertension.

Although patients came from community primary care
practices across the country, the health outcomes achieved
by this brief intervention need to be replicated with a
broader range of physicians and ethnically diverse patients
to determine if the observed incremental QALYs are
generalizeable to other health care settings. The advan-
tages of converting the SF-36 to QALYs include the
combination of physical and mental health symptoms and
functioning from a well-validated and commonly used
health status measure into a single quality-adjusted
score as recommended for use in health care economic
analyses. %48 A limitation of this SF-36 to QALY conversion
model is the unrepresentative and relatively small British
sample from which the SF-36 quality-adjustment weights
were derived; however, available evidence suggests that
these factors should not introduce substantial bias into the
analysis.**®° An additional limitation of this SF-36 to
QALY conversion model could be that the health-related
quality-of-life data do not include all the relevant domains
of depression symptoms and treatment. An alternative
approach is to collect utility weights for current health from
each subject over time. However, this approach may limit
generalizability.

We recognize that patients do not provide perfect
estimates of health care utilization; however, the use of
administrative data to capture service use was not feasible,
because such data did not exist for uninsured participants,
and insured participants were enrolled in 65 different
health plans. Previous methodological research for 6-month
self-report of healthcare utilization found no associations
between patient sociodemographic or health indicators
and self-report health care utilization discrepancies.®! In
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addition, we found no preintervention differences in health
care costs (see Table 1). Therefore, we had no reason to
expect differential underreporting in the enhanced and
usual care patients. We also did not account for all possible
health care costs because we did not include diagnostic
testing, nonpsychotropic medications, and inpatient service
use. While the skewed cost distribution potentially reduced
our ability to draw definitive conclusions about how the
intervention affected costs, it was encouraging that when we
repeated the analyses without the 2 highest- and 2 lowest-
cost subjects, the overall results were unchanged, i.e., the
mean CE ratio was less than $20,000 per QALY. We also
recognize that the accuracy of the results may have been
affected by missing data. To address this problem, we used
nonresponse weights to account for the probability of
enrollment and attrition over time; however, we cannot
know the full extent to which this adjustment was
successful.??

In summary, this study presents a CE analysis of
a primary care depression intervention using a quality-
adjusted generic effectiveness measure. The mean
incremental CE ratio for this primary care depression
intervention is very cost-effective relative to commonly
delivered primary care interventions and commonly used
CE ratio thresholds. On the basis of these results, this
intervention should be implemented for depressed primary
care patients beginning a new treatment episode.
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APPENDIX: PHYSICIAN COMPONENTS OF CONTINUATION INTERVENTION
Monthly Summary of Depression Status for All Eligible Patients Under Physician’s Care
Symptomatic Asymptomatic Unable to Contact
( 3 symptoms) (<3 symptoms at last monitoring)
Active No Active
Treatment Treatment
l ! I
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GC = guideline-concordant
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in current treatment episode
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if not already on Antidepressant
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