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Objectives: The objective of this systematic review was to evaluate the cost-effectiveness of interventions aiming to increase the adherence to highly active antiretroviral therapy
(HAART) in HIV-infected patients in developed countries (WHO stratum A).
Methods: A systematic search for comparative health economic studies was conducted in the following databases: EMBASE, MEDLINE, NHS Economic Evaluation Database, CINAHL,
HEED, and EconLit. The identified publications were selected by two reviewers independently according to predefined inclusion and exclusion criteria. Furthermore, these were
evaluated according to a standardized checklist and finally extracted, analyzed, and summarized.
Results: After reviewing the abstracts and full texts four relevant studies were identified. Different educational programs were compared as well as the Directly Observed Therapy
(DOT). A critical aspect to be considered in particular was the poor transparency of the cost data. In three cost-utility analyses the costs per quality-adjusted life-year (QALY) in the
baseline scenario were each under USD 15,000. The sensitivity analyses with a presumed maximum threshold of USD 50,000/QALY showed a predominantly cost-effective result.
In one study that examined DOT the costs add up to over USD 150,000/QALY.
Conclusions: It seems that adherence interventions for HAART in HIV-infected patients can be cost-effective. Nevertheless, the quality of the included studies is deficient and only a
few of the possible adherence interventions are taken into consideration. A final assessment of the cost-effectiveness of adherence interventions in general is, therefore, not possible.
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Adherence is regarded as one of the main factors for a successful
treatment of many diseases (1). The World Health Organization
(WHO) estimates an adherence rate of 50 percent for long-
term therapies for chronic conditions in developed countries
(2). Nonadherence can result in suboptimal treatment outcomes
and adverse events. Consequently, enormous costs are caused
for healthcare systems (1). Adherence is a particularly cru-
cial aspect with respect to highly active antiretroviral therapy
(HAART) treatment outcomes and avoiding of drug resistant
strains (3). However, many HIV-infected patients show low ad-
herence due to their frequently difficult living conditions and the
partly complex intake regimen. Numerous different interven-
tions aim to improve patient adherence. Adherence-improving
interventions contain educative, behavioral, or psychosocial el-
ements as well as combinations of these. Furthermore, a simpli-
fication of the intake regimen is likely to affect adherence. The
Directly Observed Therapy (DOT), which involves dispensing
pharmaceutical treatment in the presence of a healthcare pro-
fessional is an option for patients in difficult life situations, for
example, intravenous drug users in maintenance organizations
or prisoners (4). A significant influence on patient adherence
and on the viral load has been demonstrated for part of these in-
terventions (5). Previous studies have also shown that adherence
can be associated with quality of life dimensions in patients re-

ceiving HAART (6). Furthermore, evidence already exists for
some indications showing that adherence interventions can re-
duce healthcare resource usage, and, therefore, also costs (6;7).

The objective of this systematic review was to analyze the
cost-effectiveness of different adherence interventions as well
as influencing factors for HAART in HIV-infected patients in
developed countries (WHO stratum A).

METHODS
Based on the study question a broad search strategy was de-
veloped to reach maximum sensitivity. The following databases
were searched without limiting the search period (conduct of
search on September 27th, 2011): EMBASE (by means of Em-
base), MEDLINE (by means of Embase), NHS Economic Eval-
uation Database (by means of Cochrane library), CINAHL (by
means of Ebsco), HEED (by means of Wiley), and EconLit
(by means of Ebsco). The search strategy was adapted for each
database and combined diverse expressions including medical
subject headings, synonyms, and acronyms for the topic ad-
herence and HIV. The search filter for economic studies pro-
vided by the Scottish Intercollegiate Guidelines Network and
Emtrees for HIV and adherence was used in the EMBASE
search. The full search strategies for the individual databases
can be found in Supplementary Material 1, which can be viewed
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online at www.journals.cambridge.org/thc2013093. The refer-
ences of all included studies were cross-checked as well. In-
clusion criteria were as follows: (i) adult patients (≥18) with
HIV infection, (ii) current treatment with HAART, (iii) inter-
ventions to increase adherence compared with standard of care
or other adherence enhancing interventions, (iv) incremental
cost-effectiveness or cost-utility analysis, (v) located in coun-
tries classified into WHO-stratum A, (vi) articles published in
English or German, and (vii) obtainable as full-text article

Comparisons of different application forms or dosage vari-
ations were excluded as the effectiveness cannot be definitely
linked with the adherence intervention (e.g., simplification of
intake), but rather other drug reactions like adverse events.

The abstracts of all hits and, in case of relevance, the en-
tire articles were screened and selected according to the pre-
defined inclusion and exclusion criteria described above. The
study quality of the included articles was evaluated by using the
instrument for assessing economic studies provided by the Lud-
wig Boltzmann Institute (LBI) in Austria (8). This instrument
consists of eleven dimensions and a total of fifty-eight items to
evaluate the validity and the formal quality of economic evalua-
tions. The dimensions comprise the study question, the evalua-
tion frame, the method of analysis and modeling. Health effects,
costs, discounting, the presentation of results, the handling of
uncertainty, equity, the discussion and conclusion are addressed
in addition. This instrument has been applied for HTAs (9) and
allows a comprehensive and detailed assessment of the study
quality (10). Study selection and evaluation were independently
performed by two reviewers.

Study characteristics and results were subsequently ex-
tracted in standardized tables by one reviewer and checked by a
second for quality assurance.

Any differences in study selection, evaluation, and extrac-
tion were solved in discussion or by involving a third opinion.
A quantitative data synthesis was not planned due to the ex-
pected study heterogeneity, especially with regard to adherence
interventions, included patients and study methods, but was not
definitely excluded beforehand.

In view of the many different parameter variations for sen-
sitivity analyses, it was decided to state only the range of results
and the variations that resulted in an exceedance of a threshold
of USD 50,000/QALY (11).

RESULTS
Sixteen of a total of 959 studies (after the technical removal of
duplicates) identified by the search strategy, seemed potentially
relevant and were read in full text. Of these, twelve studies did
not meet the predefined inclusion criteria and were, therefore,
excluded from analysis. In seven cases, an adherence interven-
tion was not the object of analysis. Three were excluded be-
cause they did not determine the incremental cost-effectiveness
ratio of different interventions (or no intervention). For a list
of excluded studies see Supplementary Material 2, which can

be viewed online at www.journals.cambridge.org/thc2013094.
Two studies were no full-text articles. In the end, four stud-
ies were eligible for this review (12–15). Figure 1 (flow-chart)
illustrates the selection process.

The study by Braithwaite et al. (12) investigated the influ-
ence of the quality of evidence on the results in economic evalua-
tions as a methodological question. The cost-effectiveness of ad-
herence interventions for HAART is used here as a basis to com-
pare the impact of varying study quality on the results in health
economic modeling approaches. Consequently, almost none of
the evaluation items were stated, even though the study ful-
filled all inclusion criteria. All remaining three studies showed
various methodological flaws. The full evaluations of the three
studies are available in Supplementary Material 3, which can
be viewed online at www.journals.cambridge.org/thc2013095.
In particular descriptions of resource use and underlying costs
were neither transparent and traceable nor fully reported in any
of the three studies. Furthermore, the determination of QALYs
was not reported. Two studies compared only two alternatives
of many possible interventions and the reason for the selection
is not stated (13;15). None of the studies considered equity as-
pects. Another deficit is that discounting of the health status was
not carried out and reasons for this omission were not given,
neither by Freedberg et al. (13) nor by McCabe et al. (14). The
most serious deficits were revealed in the study by McCabe et
al. (14) while Zaric et al. (15) showed the least deficits.

Two of the included studies consider DOT versus stan-
dard of care or self-administration (12;14). The other two deal
with educational adherence interventions versus standard care
(13;15). According to the study by Freedberg et al. (13) stan-
dard care already includes some components to increase adher-
ence such as nurse education, education material and reminder
devices. The primary outcome and outcome for incremental
analysis in all studies are QALYs. McCabe et al. (14) focus on
DOT for pregnant women (14) and Zaric et al. (15) on counsel-
ing for men who have sex with men (MSM). In most studies,
the observed region is the United States (13–15). The studies in
which the setting is reported are conducted in an outpatient con-
text (13;14). Modeling refers to a life time period (13;14) or 20
years (15). Only direct healthcare costs are considered (14;15),
except for time costs for patients and healthcare professionals
(13). Detailed study methods and the design of the individual
studies are presented in Table 1.

In the study that compared DOT with no intervention (based
on studies with the highest quality) a cost-utility ratio of USD
158,000/QALY was calculated (12). A sensitivity analysis for
clinical and cost data was not performed due to the focus on
the methodological question. Freedberg et al. (13) estimated
that twice weekly home nurse visits for the first 6 weeks af-
ter changes in the HAART regimen were highly cost-effective
(USD 14,100/QALY). The sensitivity analysis confirmed the
robustness of the result. All cases were cost-effective whereby
a USD 24,200/QALY was not exceeded. DOT for HIV-infected
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Figure 1. Flow-chart of study selection.

pregnant women was cost-effective, too (14). The cost-utility
ratio in this study was USD 14,233/QALY. However, baseline
viral load reductions, a strong decrease of viral load reduction
(base case scenario 0.8 Log10, sensitivity analysis 0.5 Log10),
by HAART and an increase of intervention costs (HAART and
DOT, values not quantified) produced cost-utility ratios above
USD 50,000/QALY up to USD 630,000/QALY. Zaric et al. (15)
also found that counseling for MSM was highly cost-effective
(USD 7,392/QALY). Only a strong increase of intervention
costs (base case scenario USD 21.73 per counseling session and
USD 5.42 per month for telephone support; sensitivity analy-
sis USD 200 per counseling session and USD 100 per month
for telephone support) resulted in a small exceedance of USD
4,300/QALY of the cost-effectiveness threshold. A stochastic
sensitivity analysis in this study predicted a chance of 89 per-
cent for the intervention to be cost-effective.

Study results are shown in Table 2 (for more details see
appendix 4). The nonincremental data for Zaric et al. refer to
100,000 people because also noninfected subjects were included
in the modeling (15).

DISCUSSION
The aim of this review was to evaluate the cost-effectiveness of
adherence interventions for HAART in HIV-infected patients.

Four cost-utility studies that met the inclusion criteria were
identified. The authors identified studies examining DOT for
newly HIV-infected and HIV-infected pregnant women initiat-
ing HAART and education interventions for MSM and pre-
dominately patients with substance use problems and/or psy-
chic disorders. Study methods varied widely, too. Overall, the
study quality was poor, that is, each study has some serious
methodological flaws. In three out of four studies, the base case
scenarios showed cost-effective results (13–15). In addition, in
one study most scenarios (14) and in two studies (13;15) all
cases of sensitivity analyses were cost-effective.

For the study that examined nurse home visits in addition
to standard adherence interventions and the study that exam-
ined DOT for pregnant women in cost-utility-analyses, the costs
per QALY in the base-case scenario were each approximately
USD 14,000 (13;14). In the study that evaluated counseling
and telephone support by a nurse the incremental correspond-
ing base case cost-utility ratio was USD 7,392 (case of 10
percent baseline prevalence), respectively, USD 8,682 (case of
20 percent baseline prevalence) (15). Also the univariate and
bivariate sensitivity analyses of these three studies with a pre-
sumed maximum threshold of USD 50,000/QALY (11) showed
predominantly cost-effective results for variations of costs, ef-
fectiveness parameters and adherence rates (13–15). Exceptions
were a baseline viral load less than 1,000 copies/mL, a sharp
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Table 1. Methods/Design of Included Studies

Braithwaite (12) Freedberg (13) McCabe (14) Zaric (15)

Intervention/control DOT (first daily dose)/no
adherence intervention

Standard care (including adherence
intervention) of care+ twice-weekly
1-hour home nurse visits for the first 6
weeks after initiation of therapy/standard
care (including adherence intervention)

DOT (home
visits)/self-administration

Individual counseling sessions and
telephone support provided by a
registered nurse/no adherence
Intervention

Outcomes QALYs QALYs
Viral suppression

QALYs
Mother to child transmission
Caesarean rate

QALYs
HIV-infections
HIV-prevalence

Evaluation type Cost-utility analysis Cost-utility analysis Cost-utility analysis Cost-utility analysis
Population Newly diagnosed

HIV-infections
HIV-infected patients, starting (4%), resuming
(12%) or changing (27%) HAART

57% non-adherent
75% history of substance use and/or
psychiatric diagnose

HIV-infected pregnant in third
trimester

Initiating HAART before or
during pregnancy

Men who have sex with men
HIV-prevalence (10% or 20%)

Age (years) NR Mean (SD): 40.7 (7.9) NR 18–65
Gender NR Female: 63% Female: 100% Female: 0%
CD4-cells 0.1 to 0.2× 109 cells/L Mean cells/mm3 (SD): 319 (235) > 200 cells/L NR
Setting (inpatient, outpatient) NR Outpatient/community health centers Outpatient NR
Region USA (deduced from

included primary studies)
Boston/USA USA USA

Time horizon NR Lifetime Lifetime of unborn 20 years
Evaluation perspective NR Community (according to authors) Community (according to

authors)
NR

Type of modelling/statistical
analysis

Markov model NR Monte Carlo simulation Dynamic compartment model with
100,000 individuals

Cost type (according to authors) NR Direct costs
Time of healthcare professionals (unpaid)
Patient time

Cost of health service NR

Cost calculation NR Cost per patient for duration of therapy
(1 year)

NR HIV-test
Viral load monitoring
Resistance test
Intervention
HIV treatment
Not HIV caused healthcare costs

Discounting NR Costs were updated to constant 2004 dollars
using the medical care component of the
Consumer Price Index

Costs 3% Costs and health 3%

NR, Not reported; SD, standard deviation.

decrease of the viral load reduction and an increase of interven-
tion costs (HAART and DOT) for pregnant women in the study
by McCabe et al. (14) as well as an increase of intervention
costs for MSM in Zaric et al. (15). Furthermore, the method-
ological study by Braithwaite et al. (12) that examined DOT
bases the calculation on the highest quality studies costs adding
up to over USD 150,000/QALY in the base case scenario. How-

ever, an interpretation is not possible because almost all model
assumptions were not reported, nor is it possible to deduce
which parameters were affected by the elimination of low evi-
dence. However, as the quality of evidence might have a strong
influence on the results of the cost-effectiveness of adherence
interventions the quality of the remaining studies has to be scru-
tinized critically. The reason is that the identification strategies
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Table 2. Results of Included Studies

Braithwaite (12) Freedberg (13) McCabe (14) Zaric (15)a

Effect size NR QALYs (incremental): 6.4 Intervention
QALYs: 29.74
Control
QALYs: 29,71

Baseline prevalence 10%
QALYs after 20 years
(incremental): 3400
Baseline prevalence 20%
QALYs after 20 years (incremental): 5875

Costs NR Life time cost (incremental):
USD 7,500

Intervention: USD 73,470
Control: USD 73,043

Baseline prevalence 10%
Total cost (incremental): USD 29,320
Baseline prevalence 20%
Total cost (incremental): USD 60,077

Incremental cost-effectiveness ratio
(costs /QALY)

USD 158,000b USD 14,100 USD 14,233 Baseline prevalence 10%
USD 7,392
Baseline prevalence 20%
USD 8,682

Best case to worst case incremental
cost-effectiveness ratio of sensitivity
analysis (costs /QALY)

NR USD 13,800 – USD 24,200 Dominated – USD 630,360 USD 4,600 – USD 54,300
89%-chance of costing< USD 50,000

aAll non-incremental data per 100,000 persons.
bBased on highest quality study.
NR, Not reported.

and quality of studies used to determine input parameters remain
unclear. The other included studies examined the interventions
only in subgroups with a larger chance of cost-effectiveness.
Freedberg et al. (13) looked primarily at a population with a
history of substance use problems and/or mental disorders and
consequently a high rate of nonadherence. The probability of
cost-effective results in such study collectives with low baseline
adherence rates is higher, because low baseline adherence rates
allow stronger adherence rate changes (16) and consequently
QALY gains. So for a typical population approximately 1.2
QALYs was gained by perfect adherence (17) whereas Freed-
berg et al. (13) estimated a gain of 6.4 QALYs. Zaric et al.
(15) included only MSM. In these populations with relatively
high transmisson rates and a high prevalence (18;19), there is
a greater possibility for transmisson/incidence and prevalence
reductions, therefore, also for cost-effectiveness. The study by
McCabe et al. (14) considered exclusively pregnant women.
Moreover, the probability of cost-effectiveness is higher in this
population due to the avoided heavy life time costs for unborn
children in case of a mother–child transmission which is re-
flected by the low value for QALYs gained.

A further limitation is that only the cost-effectiveness of
educational adherence interventions and DOT are examined.
Especially DOT is exclusively an option for individuals in dif-
ficult life situations because it suggests intensive disturbance of
the private sphere. We did not find any evaluations dealing with
other adherence interventions, like intensive reminder interven-

tions, other educational strategies, incentives or combinations
of them that also have (20) a significant effect on adherence and
clinical outcomes like DOT (5). To our knowledge, no gold stan-
dard or standard of care exists in most countries at present, and
so these are only a few out of many possible strategies to increase
adherence in HIV-infected patients. The cost-effectiveness re-
mains unknown for other interventions and in less specified pop-
ulations. Patient groups that could benefit from an adherence
intervention should be conclusively justified before starting the
adherence intervention. In general, these are only patients with
an adherence rate below the necessary adherence for virologic
response (21). Like many economic evaluations in health care
(22), each included study also revealed serious methodological
deficits. If this fact is taken into account, and in particular insuf-
ficient cost data, then the validity of the study results has to be
doubted, although cost-effectiveness results were calculated for
most scenarios of sensitivity analyses. Methodological deficits
and heterogeneity were the main reasons why a prior evidence
synthesis of economic evaluations for adherence enhancing in-
terventions did not find clear results for cost-effectiveness of
other indications like asthma (23).

Sensitivity analysis revealed that, at a presumed threshold of
USD 50,000/QALY, the viral load and intervention costs seem
to be factors influencing cost-effectiveness for DOT in HIV-
infected pregnant women. This concerned only severe parame-
ter variations in two studies for HIV-infected pregnant women
and MSM (14;15) and moderate variations in one study (14),
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while in the other studies, there were no exceedances of pre-
sumed threshold; this fact also makes a general interpretation of
influencing factors difficult. But the results appear to be robust
even in specific populations.

Nevertheless, this systematic review suggests that adher-
ence interventions for HIV-infected patients, especially for pa-
tients with assumed low baseline adherence, have the potential
of being cost-effective. Because high adherence is a factor to
reach optimal therapy outcomes and consequently, a high qual-
ity of life the cost-effectiveness of other interventions and for a
more comprehensive population should be also examined. Ad-
herence interventions for HAART receiving HIV-infected pa-
tients are not integrals part of most health systems yet although
they may contribute to better care of affected patients and to
avoiding resistance (24). For that reason, the cost-effectiveness
of existing adherence interventions should be assessed with high
quality evaluations to facilitate decisions about the reimburse-
ment of adherence interventions. Behavioral strategies like re-
minder devices or other educational strategies have also shown
an effect on clinical outcomes and adherence and, therefore,
should be taken into account for a wider application in HIV-
effected persons (5) and for the evaluation of cost-effectiveness.
Furthermore, psychoeducative interventions, for example, mo-
tivational interviewing or behavioral therapy for groups with
mental problems require an examination (25).

CONCLUSION
Only evaluations of two types of adherence interventions for
special study populations were identified in this review. All
studies included revealed substantial methodological deficits.
Thus, the cost-effectiveness of adherence interventions in gen-
eral cannot be definitely assessed, nor is it possible to conclude
which factors have a significant influence on the probability of
being cost-effective. However, this systematic review indicates
that adherence interventions for HIV-infected patients may be
cost-effective under certain conditions.

Moreover, health economic evaluations for further popula-
tions and adherence interventions need to be taken into account
which should be conducted based on high-quality studies and
cost data.
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Wissenschaften, 2006.

10. Dreier M, Borutta B, Stahmeyer J, Krauth C, Walter U. Vergleich
von Bewertungsinstrumenten für die Studienqualität von Primär- und
Sekundärstudien zur Verwendung für HTA-Berichte im deutschsprachi-
gen Raum. Schriftenreihe Health Technology Assessment (HTA). 2010;
Band 102.

11. World Health Organisation. Threshold values for intervention
cost-effectiveness by Region 2013. http://www.who.int/choice/costs/
CER_thresholds/en/index.html (accessed December 12, 2012).

12. Braithwaite RS, Roberts MS, Justice AC. Incorporating quality of evi-
dence into decision analytic modeling. Ann Intern Med. 2007;146:133-
141.

13. Freedberg KA, Hirschhorn LR, Schackman BR, et al. Cost-effectiveness
of an intervention to improve adherence to antiretroviral therapy in HIV-
infected patients. JAIDS. 2006;43(Suppl 1):S113-S118.

14. McCabe CJ, Goldie SJ, Fisman DN. The cost-effectiveness of directly
observed highly-active antiretroviral therapy in the third trimester in HIV-
infected pregnant women. PLoS One. 2010;5:e10154.

INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 29:3, 2013 232

https://doi.org/10.1017/S0266462313000317 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462313000317


CEA of adherence interventions with HAART

15. Zaric GS, Bayoumi AM, Brandeau ML, Owens DK. The cost-
effectiveness of counseling strategies to improve adherence to highly
active antiretroviral therapy among men who have sex with men. Med
Decis Making. 2008;28:359-376.

16. Goldie SJ, Paltiel AD, Weinstein MC, et al. Projecting the cost-
effectiveness of adherence interventions in persons with human immun-
odeficiency virus infection. Am J Med. 2003;115:632-641.

17. Munakata J, Benner JS, Becker S, Dezii CM, Hazard EH, Tierce JC.
Clinical and economic outcomes of nonadherence to highly active an-
tiretroviral therapy in patients with human immunodeficiency virus. Med
Care. 2006;44:893-899.

18. Centers for Disease Control and Prevention (CDC). HIV incidence among
young men who have sex with men–seven U.S. cities, 1994–2000. MMWR
Morb Mortal Wkly Rep. 2001;50:4404.

19. Centers for Disease Control and Prevention (CDC). HIV prevalence,
unrecognized infection, and HIV testing among men who have sex with
men–five U.S. cities, June 2004-April 2005. MMWR Morb Mortal Wkly
Rep. 2005;54:597-601.

20. Hart JE, Jeon CY, Ivers LC, et al. Effect of directly observed ther-
apy for highly active antiretroviral therapy on virologic, immunologic,

and adherence outcomes: A meta-analysis and systematic review. JAIDS.
2010;54:167-179.

21. Ding H, Wilson CM, Modjarrad K, McGwin G Jr, Tang J, Vermund SH.
Predictors of suboptimal virologic response to highly active antiretro-
viral therapy among human immunodeficiency virus-infected adoles-
cents: Analyses of the reaching for excellence in adolescent care and
health (REACH) project. Arch Pediatr Adolesc Med. 2009;163:1100-
1105.

22. Jefferson T, Demicheli V. Quality of economic evaluations in health care.
BMJ. 2002;324:313-314.

23. Elliott RA, Barber N, Horne R. Cost-effectiveness of adherence-
enhancing interventions: A quality assessment of the evidence. Ann Phar-
macother. 2005;39:508-515.

24. Cadosch D, Bonhoeffer S, Kouyos R. Assessing the impact of adherence
to anti-retroviral therapy on treatment failure and resistance evolution in
HIV. J R Soc Interface. 2012;7:2309-2320.

25. Parsons JT, Golub SA, Rosof E, Holder C. Motivational interviewing
and cognitive-behavioral intervention to improve HIV medication adher-
ence among hazardous drinkers: A randomized controlled trial. JAIDS.
2007;46:443-450.

233 INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 29:3, 2013

https://doi.org/10.1017/S0266462313000317 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462313000317

