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ABSTRACT

Objective: To examine the cost-effectiveness of the HITIDE&ivention.

Design: Randomized controlled effectiveness and implemtonatrial comparing depression collaborative
care with enhanced usual care.

Setting: Three Veterans Health Administration (VHA) HIV glecs in the Southern US.

Subjects: 249 HIV-infected patients completed the baselimiview; 123 were randomized to the
intervention and 126 to usual care.

Intervention: HITIDES consisted of an off-site HIV depressiornredaeam that delivered up to 12 months of
collaborative care. The intervention used a stepper@ model for depression treatment and specific
recommendations were based on the Texas Medicatigorithm Project and the VA/Department of Defense
Depression Treatment Guidelines.

M ain outcome measur e(s): Quality-adjusted life years (QALYS) were calculdtesing the 12-Item Short
Form Health Survey, the Quality of Well Being Scad&id by converting depression-free days to QALse
base case analysis used outpatient, pharmacy,npatied intervention costs. Cost-effectiveness was
calculated using incremental cost effectivenesmsatl CERS) and net health benefit (NHB). ICER
distributions were generated using nonparametriégb@p with replacement sampling.

Results: The HITIDES intervention was more effective andteaving compared to usual care in 78% of
bootstrapped samples.. The intervention NHB wastp@sand therefore deemed cost-effective using an
ICER threshold of $50,000/QALY.

Conclusions: In HIV clinic settings this intervention was moeéfective and cost-saving compared to usual
care. Implementation of off-site depression collaiive care programs in specialty care settings bmyn
strategy that not only improves outcomes for pasiebut also maximizes the efficient use of limited

healthcare resources.

Keywords: HIV/AIDS; cost-effectiveness; collaboxaticare; depression; telemedicine; Veteran
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INTRODUCTION

Depression is the single most common mental healtdition seen in non-mental health settings.[1]
Collaborative care for depression is effective 8-dnd cost-effective in adult primary care, [14-Bat many patients are
seen outside primary care. It is less clear whetbiborative care for depression is effectivepecialty care, few
studies have been completed on this topic to @3] Even more unclear is whether collaboratiaes for depression
is cost-effective outside of primary care, becahsecost profiles of specialty care providers dradervices they provide

are significantly different from those seen in paimcare.

We chose Human Immunodeficiency Virus (HIV) as mst case because it is similar to a primary ocefténg in
that many HIV providers often provide whole persane, not just HIV care. Also, depression is asgediwith non-
adherence to HIV medication regimens and decreasadne functioning which can lead to accelerated phogression
and increased risk of mortality.[24-33] Becauserdsgion can be effectively managed, it is a mdddiaisk factor for
the progression of HIV.[34-36] We chose the VaterHealth Administration (VHA) because it is thegksst provider of
HIV care in the nation[37] and it has a long higtof mental health delivery innovation. As prewsbureported, the HIV
Translating Initiatives for Depression Into EffegtiSolutions (HITIDES) intervention described innmdetail below
resulted in a significant increase in depressiee-fiays and decrease in HIV symptom severity casdparusual
care.[22] To our knowledge this is the first ceffectiveness analysis of a collaborative careuetetion for depression

set in a specialty physical healthcare setting.

METHODS

STUDY SETTING AND ENROLLMENT PROCEDURES

The intervention, methods, and clinical outcomeshefHITIDES study have been described in detail
elsewhere.[22] To summarize, the HITIDES study waandomized controlled implementation and effentizss
trial comparing depression collaborative care veitihanced usual care in three VA HIV specialty cni38]

Depression screening was implemented as part &l usue at all sites.[22]

USUAL CARE DESCRIPTION

All clinic site healthcare providers participatimgthe study received one hour of training in thke¢edtion

and management of depression in patients with Hi were also instructed in referral proceduressfucialty
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mental healthcare at their site. These procedundaded the suggestion of at least one failed deyioe treatment
trial before referral. Usual care consisted of éspion treatment by HIV or mental health cliniciavithout

involvement from the HITIDES depression care team.

HITIDES INTERVENTION DESCRIPTION

A more detailed description of the intervention bagn published elsewhere.[22] The HITIDES
intervention involved collaboration between oreditlV providers and an off-site HITIDES depressteam
comprised of a registered nurse depression caragear{DCM), clinical pharmacist, and psychiatrikiM.P). The
HITIDES depression care support team was locatéditd at the Central Arkansas Veterans Health&ystem in
Little Rock, AR and met weekly or as needed eifheperson or via telephone to discuss patients waoe not
responding to current depression treatment. Allicil communications with care providers took placéhe
electronic medical record progress notes. The DCGM wsolely responsible for communication with patsemhich
was done exclusively via telephone. The HITIDESedmam provided treatment suggestions to the ¢iing

responsible for direct patient care; all treatmaetisions were ultimately left to on-site treatmprdviders.

Patients received the following intervention comeots from the DCM via a telephone encounter:
participant education and activation,[39] assesdmétreatment barriers and possible resolutioeprdssion
symptom and treatment monitoring, substance abusetaring, and instruction in self-management (e.g.
encouraging patients to exercise and participasomal activities).[4, 40] The DCM used standaediznstruction
scripts, which were supported by the Web-basedsetsupport system NetDSS (available at
https://www.netdss.net) during these telephone emms.[41] The intervention used a stepped-cardahfor
depression treatment[2] and specific treatmentmenendations were based on the Texas Medicationrilgo

Project[42] and the VA/Department of Defense Degpims Treatment Guidelines.[43]

DATA COLLECTION

Baseline, 6- and 12-month data were collected lepl®ne interviewers who were blinded to treatment
assignment and used computer-assisted assessitdmaseline, demographics, depression history,cainonic physical
health conditions were measured using the Depresiticomes Module.[44, 45] Mental health comorigdiis

measured using the Mini International Neuropsyctuanterview.[46, 47] Acceptability of antidepresg treatment was
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measured using an item developed for the Qualipréwement for Depression studies.[6, 48] Followdapa-collection

interviews were completed for 226/249 participd@8%) at 6 months and 215/249 (86.3%) at 12 nsonth

Depression-free days (DFDs) were calculated froa20ritem Symptom Checklist (SCL-20).[49] SCL-2(&<0.
was considered depression-free (1.0) and >2.0 wasidered fully symptomatic (0.0) and scores imien were
assigned a linear proportional value between 1d00ab. Disease-specific DFD-derived quality-adjddife years
(QALYs) were calculated by assigning 0.6 (tradieiror 0.8 (conservative) for patients who werdyfaiymptomatic
(SCL-20> 2.0), 1.0 for patients that were asymptomatic (20K 0.5), and assigning a linear proportional value fo
values in between. Therefore, 0.4 (traditional) @rd(conservative) corresponded to the potemtiptbvement in
QALYs from fully depressed to fully asymptomaticeDs and DFD QALYs were calculated using area utitecurve
calculations of baseline, 6-month, and 12-montha.f&@, 51] Generic QALYs were calculated using$tte12 standard

gamble to QALY conversion formula[52] and the QWile.[53, 54]

Intervention costs, healthcare expenditures, atidmiacosts were collected to assess the cosedhthrvention
from a societal perspective. Intervention costtuithed both fixed and variable costs. We includel¢g &CM training as
a net fixed intervention cost because the othedfixtervention costs were attributed to participam both the
intervention and usual care groups. Variable irgetion costs included the time spent by intervengiersonnel
delivering the intervention (e.g. time spent pramgaand delivering the intervention, entering pexg notes into the
medical record, and attending intervention teamtimgs). These costs were calculated separatetphébDCM, clinical
pharmacist, and psychiatrist based on an hourdyaaculated from their respective VA salaries fimgje costs. Total

intervention costs were estimated at $557 pervateion participant ($68,503/123).

Healthcare expenditures were assessed using VAibe@upport System data. This system uses aritgctiv
based costing allocation method and includes fdiegtt, variable direct, and fixed indirect costghile the cost
estimates have not been validated via micro-cosBX&§ provides a useful proxy for encounter cast ithhelpful to
researchers. Outpatient expenditures for the s analysis were organized in the following grdupslinic type (i.e.,
primary stop code): primary care, infectious diseasental health, substance abuse, other medieailedy, and ancillary
(including laboratory orders and radiography). @tignt medication data were divided into HIV-rethtdepression-
related, and other. Inpatient encounter data weed tor secondary cost per QALY analyses. Pattianeél and time

expenditures were calculated based on self-reptinedspent at 6- and 12-month follow-up intervieawsl income
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information collected at baseline. Expendituresenmat discounted because of the relatively shornb8th time horizon

of the study.

STATISTICAL ANALYSIS

We utilized an intent-to-treat analysis at the guatievel. We performed a power calculation assgram11%
difference in the percentage of responders betweervention and usual care using a 1-tailed t(test.05). A sample
size of 280 (140 subjects per arm) would provid® pbwer. Independent variables with missing valuese imputed
using multiple imputation methods.[55] ENREF_57 @gvto the large number of available covariatestaadise of
multiple imputation methods, only those covaridtesd to significantly predict dependent variatdep<0.10 in
bivariate analyses were included in multivariatalpses. After model specification was finalizedaltiecare costs for the

year prior to patient baseline assessment weredaaikla covariate to expenditure models.

Due to skewness from several high cost outlierefpenditure outcomes were non-normally distribused
generalized linear models (GLMs) were utilized.[FBNREF_58 We ran 7 GLMs with normal, gamma, or igge
normal distributions and identity, logarithm, ousge root link functions using a consistent speatfon of independent
variables. The GLM regression with a gamma distidvuand identity link function fit the expenditudata most
appropriately. Using a similar procedure, the Glégression with an inverse normal distribution asgllink fit the DFD

QALY data best, while gamma with identity link wased for both SF-12 and QWB derived QALYSs.

Based on the coefficients from the GLM regressionshe specified independent variables and theudate
values for each participant, we calculated two joted expenditures for each participant to deteentiire incremental
treatment effect on costs.[57] The first expenditprediction was if the participant had been raridechto the
intervention (factual for intervention patients armlinterfactual for usual care), and the secondrmifure prediction
was as if the participant had been randomizedualusare (counterfactual for intervention patieartd factual for usual
care). The difference between these two expenditwgdictions represented the incremental effeth@intervention on
expenditures for a particular participant becalissoaariate effects were identical for the twoisttes for a given
patient. We then averaged the difference betwesiwvth predicted values for each participant andszcall participants

to generate an incremental effect in the entirepbam

Copyright © 2015 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



The point estimate of the original sample will lsed for means [58]; however, typical standardrezstimation
methods do not apply to incremental cost-effectgsratios (ICERs) for two reasons. First, theipog of having zero
or near zero denominators is non-negligible. Secexglenditure and effectiveness estimates areyramdpendent.[58]
Therefore, we ran 1000 replications of nonparaméiptstrap with replacement model to generatengirecal joint
distribution of incremental expenditures and QAL%8, 59] We then constructed acceptability cunegggesenting the
probability of falling below ICER thresholds rangifrom 0 to $100,000 per QALY for each clinical coine: DFD-
derived QALYs (0.4 [traditional] and 0.2 [conseliva]), SF-12 standard gamble QALYs, and QWB-SA

QALYs.[60] ENREF_61

In addition, we calculated the net health ben&fitiB) as suggested by Stinnett and Mullahy[61] tsistsn the
interpretation of [61] a negative (ICER). [58] NH&calculated by dividing the marginal cost of gregram by a cost-
effectiveness threshold (e.g. $50,000/QALY) andmauling the result from the marginal effectivenekthe program
(e.g. QALY difference). If the NHB is positive théhe intervention is deemed cost-effective congamehe threshold
used and should be selected for implementatiorer@ike, more health improvements could be attaliyefdrgoing the

intervention and investing in programs that areast marginally cost-effective.

RESULTS

Baseline sociodemographic, clinical, and depressatated variables are presented in Table 1. Ieigén
patients were middle-aged, predominantly Africanekiman, single, males with high levels of physiadl mental health
comorbidity in addition to moderate HIV symptomseTonly group differences at baseline were inteigarpatients had

lower QWB-SA scores (0.44 vs. 0.49, p<0.01) andhdigohysical health comorbidity scores (3.8 vs, 8<2.05).

Table 2 summarizes intervention and healthcares¢ostirred by patients in the intervention and Lisage
groups. Healthcare costs were broken into outpaféeg. primary care, infectious disease, mentalthgetc.) and
pharmacy costs (HIV-related, depression-related,ater). The only statistically significant unastid difference in
healthcare costs either before or after the intgior washigher post-intervention infectious disease outpatiestcfor
the intervention group ($3427 vs. $2585), indiaatinat intervention patients had more infectiosedse visits than
usual care patients. Total unadjusted healthcareraitures increased an average $1150 for usuapedients and
decreased $840 for intervention patients. Afteustiijent for case mix variables the overall intetiegnwas cost saving,

specifically including outpatient and pharmacy sastsulted in cost savings of $1368 (p<0.01) (T&kleWhen inpatient
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costs were added for a secondary analysis thesawstgs for the intervention was $534, but no lorsgatistically
significant. Inpatient costs were included in aosetary analysis because of the generally highlyskedistribution for

these costs; this approach is consistent withitiweature.[17-19, 62, 63]

As reported previously, the intervention resulted 9.3 (p<0.01) additional DFDs over usual carg.[22D
QALYs were calculated by varying the QALY estimatsociated with depression improving from fully eegsed to
fully asymptomatic (0.2 [traditional] to 0.4 [comsative]). Using the most commonly reported DFEXALY
conversion (DFD 0.4 [traditional]) resulted in 000&cremental QALYs and the more conservatipproach (DFD 0.2
[conservative]) resulted in 0.011 incremental QALf¥isthe intervention in the original sample (TaBlfcase mix
variables are listed in the table notes]). We aldloulated incremental generic. QALY's using SF-Badard gamble
(0.010 greater for the intervention) and the QWB{8/A09 greater for the intervention). Although thiervention
resulted in significantly more DFDs none of the QAImeasures (DFD-derived or generic) were statiyickfferent
between the intervention and usual care group. wagnot unexpected as the findings of the clireffctiveness trial

note there were significant differences at 6-mdallow-up but not at 12-months.[22]

All mean ICERSs taken from the original sample weegative (Table 3). Each of the NHB calculatiossg the
$50,000/QALY threshold were positive for the intmtion ranging from 0.037 QALYs for the QWB-SA QAEYo
0.048 QALYs for the DFD 0.4 to QALY conversion (Tal3). NHB analysis of the disease-specific DFD soea was

also positive further supporting the cost-effeatiess of the intervention (156 additional DFDs).

Figure 1 gives the ICER distribution for the bopped sample. Using the $50,000/QALY threshold base
case analysis is cost-effective for 97% of the damfreatments that show ICERs less than $20,000fCare typically
recommended for rapid dissemination into healthsgstems.[62] In our base case analysis, ther®64%6 probability
that the HITIDES intervention will cost less tha20$000/QALY and 77.8% probability that it will best saving. The
acceptability curves for all four QALY measures presented in Figure 2 and the probability of béésg than

$50,000/QALY varies between 82-97%, depending eQALY measure.

DISCUSSION

The HITIDES intervention demonstrated improved oaies and decreased costs compared to usual care ove
one year. Whereas depression and HIV symptom isgdédferences were statistically significant abhnths, the

QALY differences over 12-months were not. As Glickes however, the lack of significant QALY diffaces
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represents “absence of evidence of a differennd’reot ‘evidence of absence of a difference™.[B4} this reason,
healthcare economists recommend evaluating thedatribution of cost and effectiveness (e.g.rémeental cost-
effectiveness plane or acceptability curve) in otdadentify situations where the examination lixical effect and cost
simultaneously indicates clear advantages for oteevention over another.[64-66] As evidenced biytmotstrapped

sample, despite the small QALY difference, therivgation was cost-effective in 97% of replications.

Cost per QALY estimates for collaborative deprassiare in non-veteran populations range from $3@38RY
to $67,225/QALY adjusted to 2013 dollars and usinty outpatient costs.[19, 20, 49, 63, 67] In th&, \¢ost per quality
estimates range from $67,965/QALY to $103,319/QABNjusted to 2013 dollars.[17, 68] These cos(pELY

estimates indicate that the collaborative careetaions cost more and resulted in better outcahmes usual care.

Other studies have examined subsamples of patigthtslepression.[19] Katoet al found that a multi-condition
collaborative treatment program for depressiorhetias, and coronary heart disease was both e#gdtia additional
DFDs, 0.335 QALYS over a two year period) and aasting:[69] In another subgroup of ENREF_62 pasievith
depression and diabetes, collaborative care wasiassd with substantially lower non-mental heattddication and
outpatient costs and cost per QALY ratios rangethf261 to $524 per QALY (2013 dollars)._ENREF_@&3[6
_ENREF_21These findings of cost-effective or casiifggs interventions in complex primary care pdtesuggests that
collaborative care interventions may be particyladst-effective for comorbid high cost patienthisTsituation is
especially true in the HIV clinic where the HITIDES®ervention was implemented. Total outpatient phdrmacy costs
averaged $25,381 in the year prior to the inteigenthis is substantially higher than that seetheaxmulti-condition

cohort ($10,026).

The cost savings associated with the HITIDES iretion appears to be attributable to lower HIV mation
costs and ancillary (e.g. laboratory, radiogragtg,) costs. Couple this finding with the facttttige intervention group
had more HIV clinic visits and lower HIV symptonveeity[22] and the interpretation of these findirgmuld be that HIV
symptoms were better controlled in interventioriggds requiring less expensive HIV medication atubratory
monitoring. Of note, mental health costs aresignificantly different between the two groups befor after the
intervention signifying no substitution for mentedalth care by the intervention. The implicatidnhis finding is that a

wider roll-out of this intervention in VA HIV clis could result in improved outcomes and cost gavirurther, given
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the demographic similarity between VA and non-VA/Hlinics,[70] similar results may be possible ionaVA HIV

clinic settings.

Since the NHB of the HITIDES intervention is pogitithen it is cost-effective compared to a “martijjneost-
effective” program and should be selected for imm@atation. NHB findings for all outcome measuresengositive,
providing additional benefits to Veterans, suppartihe case for implementation. Further, intenamdithat result in
cost-effectiveness ratios less than $20,000 perQade recommended for rapid implementation intdtheare systems

and the HITIDES intervention certainly meets thigecion.[71]

Collaborative care approaches to depression maragemprimary care settings have been shown bt
effective and associated with greater patientfsatisn outcomes.[3, 69] However, HIV clinics mag tonsidered the
patient’s medical home and may not be locatedimany care clinics. Therefore, considering avddalesources, HIV
clinics could obtain depression collaborative dewen on-site resources (within the HIV clinic onaarby primary care
clinic) or an off-site collaborative care team ugethe HITIDES study. Another alternative is éhg team with both
on-site and off-site collaborative care resouragshie hybrid team was not tested in this studyhil®\cost savings is not
a prerequisite for implementation of a progranmipriove the mental health of patients,[72] _ENREFRHh&8impressive
results from the HITIDES intervention shifts theegtion from whether to implement to how best tolengent this
program. The depression collaborative care liteeasupports both on-site and off-site depressioa ca
teams.[73]_ENREF_69 The HITIDES intervention useat-site team to cover three specialty clinicatttiiffered
across many characteristics (e.g. size, locatiovi,grovider mix, etc.).[38]_ENREF_70 The use ofiegée, centrally
located care manager whose time could be devotely $o this intervention may enhance intervenfioielity and

introduce efficiencies in both training and supsiom costs.

This study has several limitations worth notingstialthough the VA is the largest single provideHIV care
in the world and largest managed care organizatidime US, the results of this study may not beegalizable to systems
of care that are less integrated or that do noelesgronic medical records. However, as the heatthsystem changes
these differences may be diminish. While the demagoigic and clinical characteristics of VA patieate typically
different from patients in other healthcare segjrpis limitation is less important for patientshaHIV where the
population differences are less prominent. Addalbyn the DSS cost data only includes care receingde VA system.

While comprehensive HIV care was provided to bbthdsual care and intervention groups in the stady,care
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received outside the VA system would not be represkin our findings. This would be especially ceming for an
older group of study subjects with eligibility footh Veterans benefits and Medicare, but with aragye age around 50
in this study this concern is diminished. The HIE®intervention utilized an off-site interventiaain; the relationship
or generalizability of this approach to that ofamsite team is unknown. Our base case analysistheeDFD to QALY
conversion formula that has been used in otheredsfm collaborative care studies; however, tren®igold standard
effectiveness measure for depression studies. fidtereseveral QALY measures were used includingXfb to QALY
conversion and generic QALY measures. Our resuligest that the DFD 0.2 [conservative] to QALY cersion is

more consistent with the results from generic QAh¥asures.

In conclusion, in a specialty physical health dithiis depression collaborative care interventléfT[DES) was
effective and cost-saving. This finding is congisteith other primary care depression collaboratiaee results in
subgroups of patients with expensive physical headtmorbidities. Implementation of off-site de@ies collaborative
care programs in specialty care clinics or to tegg@atients based on clinical characteristics beagt strategy that not

only improves outcomes for patients, but also m@&eésthe efficient use of limited healthcare resear

Copyright © 2015 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Robinson WD, Geske JA, Prest LA, Barnacle R.rBggion treatment in primary cafidie Journal of the
American Board of Family Practice 2005,18:79-86.

Katon W, Von Korff M, Lin E, Simon G, Walker BElnutzer Jet al. Stepped collaborative care for primary care
patients with persistent symptoms of depressiasandomized trialArch Gen Psychiatry 199956:1109-1115.
Katon W, Robinson P, Von Korff M, Lin E, BushOydman E et al. A multifaceted intervention to improve
treatment of depression in primary cakech Gen Psychiatry 199653:924-932.

Simon GE, VonKorff M, Rutter C, Wagner E. Randesd trial of monitoring, feedback, and managenoficare
by telephone to improve treatment of depressigrrimary careBMJ 2000320:550-554.

Rost K, Nutting P, Smith J, Werner J, Duan Npilaving depression outcomes in community primang ca
practice: A randomized trial of the QUEST intenent Quality Enhancement by Strategic Teamilogrnal of
General Internal Medicine 200116:143-149.

Wells KB, Sherbourne C, Schoenbaum M, Duan Nyeldi¢h L, Unutzer Jet al. Impact of disseminating quality
improvement programs for depression in managedapyirvare: a randomized controlled trizAMA
2000283:212-220.

Finley PR, Rens HR, Pont JM, Gess SL, Louie @, 8A, et al. Impact of collaborative care model upon
depression in primary care: A randomized contrdlied. Pharmacotherapy 200323:1175-1185.

Adler DA, Bungay KM, Wilson IB, Pei Y, Supran Beckham Eet al. The impact of a pharmacist intervention
on 6-month outcomes in depressed primary carermst®eneral Hospital Psychiatry 200426:199-209.
Dobscha SK, Corson K, Hickam DH, Perrin NA, Krese DF, Gerrity MS. Depression decision support in
primary care: a cluster randomized trighn Intern Med 2006145:477-487.

Bruce ML, Ten Have TR, Reynolds CF, lll, KatzSchulberg HC, Mulsant BHt al. Reducing suicidal ideation
and depressive symptoms in depressed older pricaaeypatients: A randomized controlled triurnal of the
American Medical Association 2004291(9) 1081-1091.

Alexopoulos GS, Katz IR, Bruce ML, Heo M, HavE, Raue Pet al. Remission in depressed geriatric primary
care patients: A report from the PROSPECT Stéddyerican Journal of Psychiatry 2005,162(4) 718-724.
Hedrick SC, Chaney EF, Felker B, Liu CF, HasegiN, Heagerty Rt al. Effectiveness of collaborative care
depression treatment in Veterans' Affairs primamedsee comment).Gen Intern Med 200318:9-16, 2003 Jan.
Unutzer J, Katon W, Callahan CM, Williams JW, Blunkeler E, Harpole let al. Collaborative care
management of late-life depression in the primaing cetting: a randomized controlled tridMA
2002288:2836-2845.

Pyne JM, Rost KM, Farahati F, Tripathi SP, &rditWilliams DK et al. One size fits some: the impact of patient
treatment attitudes on the cost-effectivenessd#faession primary-care interventiésychol Med 200535:839-
854.

Pyne JM, Smith J, Fortney J, Zhang M, Willidbi§, Rost K. Cost-effectiveness of a primary catelivention
for depressed femalesAffect Disord 200374:23-32.

Simon GE, Ludman EJ, Rutter C. Incremental fiiezned cost of telephone care management andrtetep
psychotherapy for depression in primary careh Gen Psychiatry 200966:1081-1089.

Liu CF, Hedrick SC, Chaney EF, Heagerty P, érelk Hasenberg Mt al. Cost-effectiveness of collaborative
care for depression in a primary care veteran @joum. Psychiatric Services 200354.698-704.

Simon GE, Von Korff M, Ludman EJ, Katon WJ, futC, Unutzer Jet al. Cost-effectiveness of a program to
prevent depression relapse in primary chted Care 200240:941-950.

Simon GE, Manning WG, Katzelnick DJ, Pearson I3é€nk HJ, Helstad CS. Cost-effectiveness of syatiem
depression treatment for high utilizers of generatlical careArch Gen Psychiatry 200158:181-187.
Schoenbaum M, Unutzer J, Sherbourne C, Dud&ulNenstein LV, Miranda, &t al. Cost-effectiveness of
practice-initiated quality improvement for depressiresults of a randomized controlled triEAMA
2001286:1325-1330.

Von Korff M, Katon W, Bush T, Lin EH, Simon GBaunders Ket al. Treatment costs, cost offset, and cost-
effectiveness of collaborative management of dejwasPsychosom Med 199860:143-149.

Pyne JM, Fortney JC, Curran GM, Tripathi S,iddln JH, Kilbourne AMet al. Effectiveness of collaborative
care for depression in human immunodeficiency vidirscs. Arch Intern Med 2011171:23-31.

Walker J, Sharpe M. Depression Care for PagjleCancer: a collaborative care interventiGen Hosp
Psychiatry 200931.:436-441.

Copyright © 2015 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Evans DL, Ten Have TR, Douglas SD, Gettes DByrigon M, Chiappini MSet al. Association of depression
with viral load, CD8 T lymphocytes, and naturalésilcells in women with HIV infectiomAm J Psychiatry
2002159:1752-1759.

Farinpour R, Miller EN, Satz P, Selnes OA, GoB&, Becker JTet al. Psychosocial risk factors of HIV
morbidity and mortality: findings from the Multicesr AIDS Cohort Study (MACS)I Clin Exp Neuropsychol
200325:654-670.

Gordillo V, del Amo J, Soriano V, Gonzalez-Lahb Sociodemographic and psychological varialmigencing
adherence to antiretroviral theragyDS199913:1763-1769.

Ickovics JR, Hamburger ME, Vlahov D, Schoenb&ln Schuman P, Boland R4 al. Mortality, CD4 cell
count decline, and depressive symptoms among Hivpssitive women: longitudinal analysis from thevH|
Epidemiology Research Stud}AMA 2001285:1466-1474.

Leserman J, Petitto JM, Gu H, Gaynes BN, Bardpssolden RINet al. Progression to AIDS, a clinical AIDS
condition and mortality: psychosocial and physiaagpredictorsPsychol Med 200232:1059-1073.
Leserman J. HIV disease progression: depressii@ss, and possible mechanisBisl Psychiatry 200354:295-
306.

Lyketsos CG, Hoover DR, Guccione M, SenteWfiftDew MA, Wesch Jet al. Depressive symptoms as
predictors of medical outcomes in HIV infection. kitenter AIDS Cohort StudylAMA 1993270:2563-2567.
Mayne TJ, Vittinghoff E, Chesney MA, Barrett DCoates TJ. Depressive affect and survival amaygod
bisexual men infected with HNArch Intern Med 1996156:2233-2238.

Moskowitz JT. Positive affect predicts loweskrdf AIDS mortality.Psychosom Med 200365:620-626.

Singh N, Squier C, Sivek C, Wagener M, Nguyet, Mu VL. Determinants of compliance with antiretial
therapy in patients with human immunodeficiencysirprospective assessment with implications fbrenging
complianceAIDS Care 19968:261-269.

Brown JL, Vanable PA. Cognitive-behavioral strenanagement interventions for persons living Wit a
review and critique of the literatur&nn Behav Med 200835:26-40.

Horberg MA, Silverberg MJ, Hurley LB, Towner YAKlein DB, Bersoff-Matcha St al. Effects of depression
and selective serotonin reuptake inhibitor usedireeence to highly active antiretroviral therapy an clinical
outcomes in HIV-infected patient3Acquir Immune Defic Syndr 200847:384-390.

Safren SA, O'Cleirigh C, Tan JY, Raminani SRilIRLC, Otio MW, et al. A randomized controlled trial of
cognitive behavioral therapy for adherence andetesion (CBT-AD) in HIV-infected individual$iealth
Psychol 200928:1-10.

Czarnogorski M, Halloran C, James, Pedati Cs®&K, Durfee J, Martinello,Rt al. Expanded HIV Testing in
the US Department of Veterans Affairs, 2009—2@%terican journal of public health 2013103:e40-e45.
Curran GM, Pyne J, Fortney JC, Gifford A, A&M, Rimland D et al. Development and implementation of
collaborative care for depression in HIV cliniééDS Care 201123:1626-1636.

Rost K, Nutting PA; Smith J, Werner JJ. Desigrand implementing a primary care interventioal tid improve
the quality and outcome of care for major depres&en Hosp Psychiatry 200022:66-77.

Fortney JC, Pyne JM, Edlund'MJ, Robinson DEtaVID, Henderson KL. Design and implementatiohef
telemedicine-enhanced antidepressant managemegt &en Hosp Psychiatry 200628:18-26.

Fortney JC, Pyne JM, Steven CA, Williams JSjri¢& RG, Lunsford AK et al. A web-based clinical decision
support system for depression care managerbaimerican Journal of Managed Care 201016:849.

Suehs B, Argo TR, Bendele SD, Crismon ML, TdivdH, Kurian B. Texas Medication Algorithm Project
Procedural Manual: Major Depressive Disorder Algoris. In: Texas Department of State Health Seryi2@38.
MDD Working Group. VA/DoD Clinical Practice Glgline for Management of Major Depressive Disorder
(MDD). In. 2.0 ed. Washington DC; 2008.

Smith GR, Burnam A, Burns BJ, Cleary PD, RosbKpression Outcomes Module (DOM). handbook of
Psychiatric Measures. Edited by First MB, Ross R. Washington, DC: Amari Psychiatric Association; 2000.
Rost K, Smith GR, Burnam MA, Burns BJ. Measnytime outcomes of care for mental health problérhs:case
of depressive disordersledical Care 199230(5,suppl.):MS266-MS273.

Lecrubier Y, Sheehan DV, Weiller E, Amorim Ryrdra |, Sheehan KHt al. The Mini International
Neuropsychiatric Interview (MINI): A short diagna@sstructured interview: Reliability and validitg@ording to
the CIDI. European Psychiatry 199712:224-231.

Sheehan DV, Lecrubier Y, Sheehan KH, Janaweller E, Keskiner Aet al. The validity of the Mini
International Neuropsychiatric Interview (MINI) awding to the SCID-P and its reliabilitiur opean Psychiatry
199712:232-241.

Copyright © 2015 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



48.

49.

50.

51.

52.

53.

54.

55.
56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.
67.

68.

69.

70.

71.

72.
73.

Rost KM, Nutting P, Smith J, Werner J, Duarimproving depression outcomes in community princase
practice: A randomized trial of the QUEST interventJ Gen Intern Med 200116:143-149.

Simon GE, Katon WJ, VonKorff M, Unutzer J, I, Walker EA et al. Cost-effectiveness of a collaborative
care program for primary care patients with pegsistiepressiorAm J Psychiatry 2001,158:1638-1644.
Ganiats T, Browner D, Kaplan R. Comparisonnaf tnethods of calculating Quality-adjusted Life Ye&ual
Life Res 19965:162-164.

Lave JR, Frank RG, Schulberg HC, Kamlet MS.t@ffectiveness of treatments for major depressigimary
care practiceArchives of General Psychiatry 199855:645-651.

Brazier JE, Roberts J. The estimation of agpesfce-based measure of health from the SF#2 Care
200442:851-859.

Kaplan RM, Bush JW, Berry CC. Health statugpdsyof validity and the index of well-beirtdealth Services
Research 1976,11:478-507.

Pyne JM, Patterson TL, Kaplan RM, Gillin JCcKAVL, Grant |. Assessment of the quality of lifepatients
with major depressiorPsychiatr Serv 199748:224-230.

Royston P. STATA Journal 5. Iktultiple imputation of missing values: Update of ICE; 2005. pp. 527-536.
Lumley T, Diehr P, Emerson S, Chen L. The ingoore of the normality assumption in large pubgelth data
sets.Annu Rev Public Health 200223:151-169.

Kleinman LC, Norton EC. What's the Risk? A diengpproach for estimating adjusted risk measuozs f
nonlinear models including logistic regressibiealth Serv Res 200944:288-302.

Briggs AH, Wonderling DE, Mooney CZ. Pullingsteeffectiveness analysis up by its bootstrapsira n
parametric approach to confidence interval estiomakiealth Economics 19976:327-340.

Anderson JP, Bush JW, Chen M, Dolenc D. Pdmce areas and properties of benefit-cost/uéitigglysis.
JAMA 1986255:794-795.

Hunink MGM, Bult JR, de Vries J, Weinstein Mdncertainty in decision models analyzing cost-difeness:
the joint distribution of incremental costs anceeffveness evaluated with a nonparametric bootstiethod.
Med Decis Making 199818:337-346.

Stinnett AA, Mullahy J. Net health benefitmew framewaork for the analysis of uncertainty isteeffectiveness
analysisMed Decis Making 1998,18:S68-S80.

Katon W, Unutzer J, Fan MY, Williams JW, JchB8enbaum M, Lin EHet al. Cost-effectiveness and net benefit
of enhanced treatment of depression for older advith diabetes and depressidiabetes Care 200629:265-
270.

Pyne JM, Rost KM, Zhang M, Williams DK, Smith=brtney J. Cost-effectiveness of a primary caression
intervention.J Gen Intern Med 200318:432-441.

Glick HA, Doshi JA, Sonnad SS, PolskyHEzonomic evaluation in clinical trials. Oxford University Press;
2014.

Claxton K. The irrelevance of inference: a dieci-making approach to the stochastic evaluatidrealth care
technologiesJournal of health economics 199918:341-364.

Briggs AH, O'Brien BJ. The death of cost-mirgation analysisPealth Econ 200110:179-184.

Katon WJ, Schoenbaum M, Fan MY, Callahan CM|i&vins J, Jr., Hunkeler &t al. Cost-effectiveness of
improving primary care treatment of late-life deggien.Arch Gen Psychiatry 200562:1313-1320.

Pyne JM, Fortney JC, Tripathi SP, Maciejewski, Bdlund MJ, Williams DK. Cost-effectiveness argyof a
rural telemedicine collaborative care interventiondepressionArch Gen Psychiatry 201067:812-821.

Katon W, Russo J, Lin EH, Schmittdiel J, Cieuhaski P, Ludman Ft al. Cost-effectiveness of a
multicondition collaborative care intervention:amdomized controlled trialirch Gen Psychiatry 201269:506-
514.

Valdiserri R. The State of Care for Veteranghwdl\VV/AIDS. In. Palo Alto, California: U.S. Depanent of
Veteran Affairs, Public Health Strategic Health €&roup, Center for Quality Management in Publialite
20009.

Gold MR, Siegel JE, Russell LB, Weinstein M@sEEffectiveness in Health and Medicine. In. Neark{
Oxford University Press, Inc.; 1996. pp. 425.

Sturm R. Economic grand rounds: the myth ofica@dost offsetPsychiatric Services 200152:738-740.
Simon GE, Ludman EJ. Should mental healthyetgions be locally grown or factory-farmeéifherican
Journal of Psychiatry 2013170:362-365.

Copyright © 2015 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Figure Legends:

Figure 1. ICER of Bootstrap Distribution for Base Case (D8&ived QALYs; Outpatient and
Pharmacy costs)

Figure2: Acceptability Curves for all QALY Measures (Bootgiped Sample)
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Table 1: Baseline Participant Sociodemographic and Clinical Characteristics

Group
Variable Intervention (n=123) Usual Care (n=126)
Sociodemographic
Age, mean (SD), y 49.8 (8.7) 49.8 (10.5)
Male sex 120 (97.6) 122 (96.8)
African American race 78 (63.4) 77 (61.6)
Single/never married 103 (83.7) 98 (77.8)
High school graduate or higher 118 (95.9) 113 (89.7)
Annual income > $20,000 60 (50.8) 52 (42.6)
Clinical
SF-12V PCS score, mean (SD) 41.5 (12.5) 39.5 (11.6)
SF-12V MCS score, mean (SD) 34.3 (10.5) 35.1 (11.0)
SCL-20 score, mean (SD) 1.8 (0.6) 1.9 (0.7
QWB-SA score, mean (SD)** 0.49 (0.1) 0.44 (0.1)
Physical health comorbidity score, mean (SD)* 3.2 (2.3) 3.8 (2.3)
PHQ-9, mean (SD) 15.7 (4.2) 16 (4.7)
Major depression 92 (74.8) 98 (77.8)
Panic disorder 10 (8.1) 18 (14.3)
Generalized anxiety disorder 74 (60.2) 76 (60.3)
Posttraumatic stress disorder 34 (27.6) 40 (31.7)
At-risk drinking 19 (15.4) 26 (20.6)
Any inpatient mental health admission 33 (26.8) 32 (25.4)
Any past depression treatment 98 (79.7) 98 (77.8)
Any depression treatment in past 6 mos. 68 (65.7) 67 (563.2)
Depression treatment type
Watchful waiting acceptable 88 (71.5) 85 (67.5)
Antidepressant medication acceptable 88 (72.1) 87 (69.6)
Individual counseling acceptable 108 (87.8) 113 (89.7)
Group counseling acceptable 66 (53.5) 76 (60.3)
Bothersome HIV symptoms, mean (SD) 7.8 (4.1) 8 (4.3)
Current anti-HIV prescription 99 (80.5) 99 (78.6)
Skipped anti-HIV medication in past 4 d 23 (23.2) 28 (28.3)
Anti-HIV medication adherence, mean % (SD) 93.5 (16.2) 91.2 (20.1)
Current AD prescription 75 (61.0) 78 (61.9)
Skipped AD in past 4 d 22 (29.3) 20 (25.6)
AD regimen adherence, mean % (SD) 85.4 (30.5) 86.4 (31.1)

Abbreviations: AD, antidepressant; HIV, human immunodeficiency virus; MCS, mental component summary; PCS,
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physical component summary; PHQ-9, 9-item Patient Health Questionnaire; QWB-SA, Quality of Well-Being Self-
administered Scale; SCL-20, 20-item Hopkins Symptom Checklist; SF-12V, Medical Outcomes Study Veterans 12-Item
Short-Form Health Survey.

a Unless otherwise indicated, data are expressed as number (percentage) of participants. Percentages reflect the following
missing data: race, 1 usual care participant; annual income, 5 intervention and 4 usual care participants; any depression
treatment in the past 6 months, 1 intervention participant; and antidepressant acceptable, 1 intervention and 1 usual care
participant.

b P .01 for intervention vs usual care.

¢ P .05 for intervention vs usual care.

d The PHQ-9 was used as depression screening measure. The SCL-20 was used as the depression outcome measure.

e Mental health comorbidity was identified using the Mini International Neuropsychiatric Interview.
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Table 2: Unadjusted Mean Intervention and Healthcare Costs

INTERVENTION COSTS, $

Hours Rate Cost Fringe Total Per Inte](cKIe:nlt;%? Patient
FIXED INTERVENTION COST
DCM Training 40 48 1,910 477 2,387 19
Total Fixed 40 48 1,910 477 2,387 19
VARIABLE INTERVENTION COST
Psychiatrist (Weekly 28 107 2,998 749 3947 30
Meetings)
Pharmacist (Weekly 25 63 1,586 396 1,982 16
Meetings)
Pharmacist (Consultations) 30 63 1,878 470 2,348 19
DCM (Weekly Meetings) 28 48 1,341 335 1,676 14
DCM (Baseline Encounter) 179 48 8,622 2,130 10,652 87
DCM (Follow-up Encounters 766 48 36,569 9,142 45,711 372
Total Variable 1056 52,893 13,223 66,116 538
TOTAL INTERVENTION COST
Total 1096 54,802 13,701 68,503 557
HEALTHCARE UTILIZATION COSTS, $
Pre-intervention (Mean) Post-intervention (Mean)
* *
%S;zl Intervention X2 p>|t| pEV|Vt| Iésaliil Intervention | X?p>|[t| ;ivlvtl
PHARMACY
HIV 6,109 5,797 0.936 0.223 6,372 4,550 0.467 0.134
Depression 215 116 0.232 0.637 265 157 0.278 0.737
Other 2,393 2,209 0.616 0.580 1,698 1,481 0.490 0.226
TOTAL 8,718 8,122 0.881 0.326 8,335 6,188 0.396 0.342
OUTPATIENT

Substance abuse 283 337 0.760 0.869 389 202 0.168 0.721
Other specialty 685 458 0.174 0.573 707 754 0.804 0.845
Primary care 328 384 0.565 0.887 282 293 0.902 0.568
Mental health 672 657 0.942 0.610 1,188 994 0.451 0.849
Infectious disease 2,648 2,624 0.907 0.950 2,685 3,427 0.003 0.006
Ancillary (laboratory, 11,044 10,153 0.822 0.650 10,744 7,931 0.293 0.907
radiography, etc.)
TOTAL 18,561 15,362 0.481 0.964 20,093 16,456 0.303 0.788
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INPATIENT

TOTAL 5386 | 4622 | 0.693 | 0312 | 6738 | 4795 | 0424 | 0.630
PATIENT COSTS ¢
TOTAL 3 5 0.439 0.642 3 3 0.664 0.333
TOTAL, $
TOTAL main @ 27,286 23,504 0.646 0.745 28,447 22,657 0.310 0.725
TOTAL secondary " 32,667 28,111 0.593 0.637 35,168 27,443 0.225 0.827

a: Main analysis consisted of pharmacy, outpatient, and patient costs only

b: Secondary analysis consisted of pharmacy, outpatient, inpatient, and patient costs
c: Patient costs include wait and travel time incurred by patients to receive care

*: Kruskal-Wallis
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Table 3: Adjusted Mean Incremental Cost per QALY Ratios and Net Health Benefit (Original Sample)

Mean ICER
Quality adjusted life year (QALY) Dig'eAxiflce Olll/tlzgg.?ielzgffn d Outpatient, Negel;llgia.iltth
method (Int-UC) Pharmacy Pharmacy, and (QALYs)
Inpatient
Depression freeiiays (DFD 0.4 [traditional]) 0.020 67,663 26,416 0.048
(fully depressed=0.6)?
Depression freeiiays (DFD 0.2 [conservative]) 0.011 125,004 48,803 0.038
(fully depressed=0.8) 2
SF-12V standard gamble conversion® 0.010 -131,418 -51,307 0.038
Quality of Well-Being self-administered ¢ 0.009 -147,014 -57,395 0.037
DFD Net Health
Disease specific measure Difference Benefit
(Int-UC) (DFDs)
Depression-free days (DFD) = 19 -71 -28 156
Cost
Costing method Difference
(Int-UC)
Outpatient and pharmacy ($)4 -1,368
Outpatient, inpatient, and pharmacy ($)e -534

a: Case mix variables were baseline 20-item Hopkins Symptom Checklist (SCL-20) score, physical health comorbidity,
HIV symptom index, marital status, annual household income, comorbid mental health, current HIV medication, any
inpatient mental health visit and any depression treatment in the past 6 months

b: Case mix variables were baseline 20-item Hopkins Symptom Checklist (SCL-20) score, physical health comorbidity,
HIV symptom index, education, annual household income, comorbid mental health, current HIV medication, any
inpatient mental health visit, and any depression treatment in the past 6 months

c¢: Case mix variables were baseline 20-item Hopkins Symptom Checklist (SCL-20) score, physical health comorbidity,
HIV symptom index, marital status, education, annual household income, comorbid mental health, current HIV
medication, any inpatient mental health visit, and any depression treatment in the past 6 months

d: Case mix variables were baseline 20-item Hopkins Symptom Checklist (SCL-20) score, physical health comorbidity,
HIV symptom index, gender, race, depression, PTSD, current HIV medication

e: Case mix variables were baseline 20-item Hopkins Symptom Checklist (SCL-20) score, physical health comorbidity,
HIV symptom index, marital status, annual household income, comorbid mental health, current HIV medication, any
inpatient mental health visit, and any depression treatment in the past 6 months
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