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H uman immunodeficiency virus (HIV) care costs 
$20,000 per year in industrialized countries.1 High-
ly active antiretroviral treatment (ART) accounts 

for approximately half of this expense.2  The annual cost of 
caring for persons with HIV continues to grow and now ex-
ceeds $13 billion worldwide.3

Newer ART medications have markedly improved treat-
ment outcomes.4 Models have been used to estimate the cost 
effectiveness of these new drugs,5-8 and the effect of patent ex-
piration on the cost effectiveness of older medications.9 Cost-
effectiveness models may be hindered by the lack of more 
contemporary data on the cost of HIV care.10  

HIV care is more costly when the disease is more severe, 
as indicated by a low cluster of differentiation (CD4) level 
(<50 cells/μL),11-13 a higher level of virus,14 HIV-related symp-
toms,15 or an AIDS-defining illness.15,16 Results of other stud-
ies of the cost of specific services have showed that hospital 
costs are lower for patients who receive more ART,18,19 and 
that the cost of medication for opportunistic infections is 
lower for patients with higher CD4 count.12

Cost is higher for patients with psychiatric comorbidi-
ties,20-22 among male patients,23 in patients presenting later 
for antiretroviral treatment,24,25 and for those infected by in-
jection drug use (IDU).14 Other studies have showed baseline 
characteristics to be unimportant predictors of cost after cur-
rent health status, as reflected by CD4 count, is considered.12

Multivariate analyses have looked at the effect of Med-
icaid eligibility21 and compliance with ART guidelines23 on 
total cost while controlling for disease severity. These studies 
employed ordinary least squares regression, a method that 
requires assumptions that are usually inappropriate for cost 
data, which have a highly skewed distribution. The more ro-
bust general linear models have been used only in the most 
recent studies of HIV cost.20,26

We report the cost of care received by participants en-
rolled in OPTIMA (OPTions In Management with Antiret-
rovirals), the largest randomized clinical trial of treatment 
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Objectives 
To determine the association between preexisting characteristics 
and current health and the cost of different types of advanced 
human immunodeficiency virus (HIV) care. 

Methods
Treatment-experienced patients failing highly active antiretroviral 
treatment (ART) in the United States, Canada, and the United 
Kingdom were factorial randomized to an antiretroviral-free 
period and ART intensification. Cost was estimated by multiplying 
patient-reported utilization by a unit cost.

Results
A total of 367 participants were followed for a mean of 15.3 
quarters (range 1-26). Medication accounted for most (61.8%) 
of the $26,832 annual cost. Cost averaged $4147 per quarter for 
ART, $1981 for inpatient care, $580 for outpatient care, and $346 
for other medications. Cost for inpatient stays, outpatient visits, 
and other medications was 171% higher (P <.01) and cost of ART 
was 32% lower (P <.01) when cluster of differentiation 4 (CD4) 
count was <50 cells/μL compared with periods when CD4 count 
was >200 cells/μL. Some baseline characteristics, including low 
CD4 count, high viral load, and HIV from injection drug use with 
hepatitis C coinfection, had a sustained effect on cost. 

Conclusions
The association between health status and cost depended on 
the type of care. Indicators of poor health were associated with 
higher inpatient and concomitant medication costs and lower 
cost for ART medication. Although ART has supplanted hospi-
talization as the most important cost in HIV care, some patients 
continue to incur high hospitalization costs in periods when they 
are using less ART. The cost of interventions to improve the use of 
ART might be offset by the reduction of other costs. 
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strategies in advanced HIV. We applied advanced multi-
variate methods to address gaps in the knowledge about 
the cost of advanced HIV care: whether preexisting fac-
tors have a sustained effect on cost, and the effect of these 
factors and current health status on the different types of 
cost, including hospital services, combination ART medi-
cation, medications for opportunistic infections, and out-
patient care.

METHODS
The OPTIMA trial studied 2 interventions: an intend-

ed 12-week ART-free period and intensification of ART 
to a target of 5 or more drugs.27 A 2-by-2 factorial design 
evaluated both interventions simultaneously. Participants 
were randomized to ART interruption, ART intensifica-
tion, both interventions, or neither intervention. 

The trial enrolled patients who had been taking their 
current ART regimen for at least 3 months, had failed 2 or 
more prior regimens involving all 3 available ART classes 
in use at the time, and had evidence of current treatment 
failure (HIV viral load ≥2500 copies/mL and CD4 count 
of ≤300 cells/μL), while excluding those with an ongoing 
opportunistic infection.28 Consent was obtained accord-
ing to the human subjects regulations of the 3 countries 
where participants were enrolled: the United States, Can-
ada, and the United Kingdom. 

Participants were assessed every 12 weeks and a case 
report form was used to record inpatient stays, outpatient 
visits, and changes in antiretroviral medication regimens. 
Unit costs for HIV care were derived from analysis of 
costs of HIVpositive patients at the US Veterans Health 
Administration (VHA), where 78% of study participants 
were enrolled. Inpatient costs were derived from a regres-
sion method.29 Outpatient estimates were based on the 
Medicare reimbursement for the procedure codes used 
in visits of patients with HIV.30 Cost for all participants 
was determined by multiplying the utilization recorded on 

case report forms by these unit costs: 
$5004 per day of hospital stay in in-
tensive care, $1782 per day of other 
medical-surgical care, $768 per day of 
nursing home care, $201 per visit to 
an infectious disease clinic, and $254 
per visit to other medical clinics. All 
costs were adjusted to 2007 US dollars 
using the consumer price index.

The dates that each ART medica-
tion was initiated and stopped were 
recorded on a case report form. Es-

timates of medication use assumed the guideline-recom-
mended dosage and were adjusted by participant-reported 
adherence. We characterize ART medications by catego-
ries defined by the year in which the drug was approved 
by the US Food and Drug Administration (FDA). We 
identified periods in which participants received 1 of the 5 
new ART medications: etravirine, tipranavir, darunavir, 
maraviroc, or raltegravir.

The unit costs of medications were estimated as 64% of 
the average wholesale price, which is the net cost of brand 
name medications to Medicaid.31 Medicaid is an impor-
tant sponsor of US HIV care, with costs that are similar to 
those of the US AIDS Drug Assistance Program, another 
important sponsor. Since we wanted study findings to be 
generalizable to the US healthcare system, we did not use 
the lower cost paid by VHA. Data on prescription medi-
cations used to prevent or treat opportunistic infections 
were obtained from the pharmacy benefit management 
system of VHA. Although data on ART medications was 
available for participants who enrolled at sites in Canada 
and the United Kingdom, information on these concomi-
tant medications was not available at these sites.

Cost and utilization were assigned to each 3-month 
period following randomization. These quarterly obser-
vations were matched to clinical data indicating if the pa-
tient had an AIDS-defining event (ADE).

We further characterized health using the mean CD4 
count and viral load tests conducted during the quarter. 
If no laboratory test was conducted in the quarter, we 
used the weighted average of tests that preceded and fol-
lowed the quarter. Weights were inversely proportional to 
the number of days the test preceded the beginning of the 
quarter and the number of days the test followed the end 
of the quarter. 

Statistical Methods
The association of patient characteristics with cost was 

assessed with Generalized Linear Model (GLM). These 

Take-Away Points
Healthcare costs were measured in a clinical trial of alternatives for advanced human 
immunodeficiency virus (HIV):

n	 	 Antiretroviral drugs accounted for most (61.8%) of the $26,832 annual cost of care 
for advanced HIV.

n	 	 Costs were higher during AIDS-defining illnesses.

n	 	 Costs were especially high in patients infected with HIV from injection drug use and 
in patients coinfected with hepatitis C. 

n	 	 Antiretroviral drugs have replaced hospital stays as the most costly component of 
HIV care, but hospitalization remains the predominant cost in especially advanced dis-
ease. The cost of interventions to improve the use of antiretroviral treatments could be 
offset by reduced use of other services.
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regressions avoid the inappropriate assumption of 
normal distribution and homoscedastic errors.32 A 
log link function was determined appropriate based 
on a Box-Cox regression.33 The gamma distribution 
was selected based on a modified Park test. Standard 
errors were corrected for the correlation between mul-
tiple observations from each trial participant. Inde-
pendent regressors were chosen based on significance 
in univariate tests. Final models were chosen based 
on predictive fit, with attention to the extremes of the 
distribution. To express the effect of current clinical 
status in the original units of analysis—dollars cost—
we used the regression parameters to predict log cost 
for each observation given the participant’s baseline 
characteristics and a set of current status variables 
(indicators of CD4 count, viral load, and presence of 
AIDS-defining illness). We exponentiated these pre-
dicted log values without correction for retransforma-
tion bias. This correction is not needed with GLM 
regressions. We reported the mean cost in dollars of 
predicted values for each set of clinical status vari-
ables, and the associated standard error.

Participants were enrolled between 2001 and 2006 
and followed until 2007. This maximized study power, 
but there were fewer observations representing peri-
ods more distant from randomization. Bias from this 
design was corrected by applying an inverse probabil-
ity weight, the Kaplan-Meier estimator for the prob-
ability of administrative censoring.34

RESULTS
There were 367 participants with cost data (ex-

cluding 1 participant with no follow-up data). Table 
1 describes participant characteristics at randomiza-
tion. Participants were immunologically compro-
mised, with 32.2% having baseline CD4 counts below 
50 cells/μL. Most (78%) participants enrolled at VA 
sites, with the balance enrolling at sites in Canada 
(11%) and the United Kingdom (11%). HIV infection 
was attributed to men having sex with men (MSM) 
(47.6%), heterosexual transmission (23.4%), IDU 
(14.1%), and infection from blood products (9.5%). 
There were 7 participants (1.9%) who had both MSM 
and IDU risk factors.

Participants were randomized to care as usual (n 
= 106), structured treatment interruption followed 
by treatment intensification (n = 78), structured treat-
ment interruption without treatment intensification 
(n = 85), or treatment intensification without treat-

n Table 1. Baseline Characteristics of Trial Participants

Number of participants 367

Country where enrolled (%)  

  United Kingdom 10.6

  Canada 10.9

  United States 78.5

Year randomized (%)  

  2001 9.3

  2002 32.2

  2003 28.6

  2004 16.9

  2005 10.4

  2006 2.7

Age (mean [SD]) 48.0 (8.5)

Male gender (%) 98.1

Employed (%) 27.0

Mode of infection (%)  

  MSM 47.6

  Injection drug use 14.1

  Heterosexual transmission 23.4

  Blood 9.5

  Other 4.9

  Unknown 0.5

Hepatitis C coinfection (%) 23.7

Hepatits C and injection drug use (%) 12.3

Coronary artery disease (%) 16.8

Race (%)  

  White 48.8

  Black 39.2

  Other 12.0

Baseline CD4 cells/μL (mean [SD]) 127.125 (106.6)

  Indicator CD4 <50 cells/μL (%) 32.2

  Indicator CD4 50-200 cells/μL (%) 44.4

  Indicator CD4 200-500 cells/μL (%) 22.9

  Indicator CD4 >500 cells/μL (%) 0.5

Log of baseline HIV RNA copies/mL  
(mean [SD])

4.74 (0.68)

  Indicator VL <1000 copies/mL (%) 0.8

  Indicator VL 1000-50,000 copies/mL (%) 43.1

  Indicator VL 50,000-100,000 copies/mL (%) 17.2

  Indicator VL >100,000 copies/mL (%) 39.0

CD4 indicates cluster of differentiation 4; HIV, human immunodefi-
ciency virus; MSM, men who have sex with men; RNA, ribonuycleic 
acid; SD, standard deviation; VL, viral load. 
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ment interruption (n = 98). Participants from the United 
Kingdom were not randomized to structured treatment in-
terruption. Baseline characteristics did not differ by treat-
ment group.

Table 2 provides the unweighted means of 5612 quar-
terly observations of cost, utilization, and clinical status. 
Participants were followed for a mean of 15.3 quarters 
(range 1-26). Quarterly cost averaged $4147 for ART, 
$1981 for inpatient care, $580 for outpatient care, and 
$346 for concomitant medications (medications used for 
prophylaxis and treatment of opportunistic infections). 
Information on concomitant medications was available 
only for US participants. Total cost was $6708 per quar-
ter. Participant CD4 count was below 50 cells/μL during 

22.7% of follow-up quarters, and viral load 
exceeded 100,000 copies/mL during 22.1% 
of follow-up quarters. There was modest cor-
relation between the costs in all categories of 
care, with 1 exception. Inpatient costs were 
negatively correlated with the cost of ART 
medication (r = −.068; P <.001).

As previously reported, neither ART in-
terruption nor ART intensification reduced 
the time to the composite end point of ADE 
or death.27 Neither intervention had a sig-
nificant effect on cost, except a transitory 
difference during the first 3 months of the 
trial when participants randomized to ART 
interruption had a $4216 lower cost of high-
ly active antiretroviral treatment (HAART) 
(P <.001) and $434 additional cost for other 
medications (P <.001) compared with partici-
pants randomized to no ART interruption. 

Treatment details appear in Table 3. 
Medications approved by the FDA after 
2001 (the year the trial began) accounted for 
36% of the duration and 49% of the costs 
of ART. Participants reported at least 90% 
adherence during 78.6% of the quarters of 
follow-up. They received an average of 3 or 
more ART active ingredients during 79.7% 
of the quarters. At least 1 of the newest ART 
medications (which includes those approved 
after 2005) was received during 19.7% of the 
quarters. 

Table 4 presents regression results. Each 
column represents a regression with a differ-
ent cost as the dependent variable. Indepen-
dent regressors were all indicator variables. 
The parameters represent the effect of the 

characteristic relative to its absence (eg, quarters in which 
an AIDS-defining illness was present compared with 
quarters in which the illness was not present) controlling 
for all other factors in the regression.

Baseline characteristics were associated with higher 
cost. Patients who were coinfected with hepatitis C virus 
(HCV) whose HIV was a result of IDU had significantly 
higher hospital cost (P <.001). HIV infection from IDU 
without HCV coinfection was associated with higher out-
patient cost (P <.01) and higher cost of ART medications 
(P <.01).

Higher viral load at baseline was associated with high-
er ART cost (P <.001). Low CD4 count at baseline was 
associated with higher cost of medications used to prevent 

n Table 2. Mean Costs, Utilization, and Health Status Measures, 
by Quarter, in 2007 US Dollars

  Number of trial participants 367 

  Quarters of follow-up (sum) 5612 

  Mean quarters per trial participant 15.3 

Distribution of follow-up period (% of  
quarter by calendar year)

  2001 0.9

  2002 7.8

  2003 14.9

  2004 18.3

  2005 20.1

  2006 19.4

  2007 17.9

  2008 0.7

Mean cost per quarter, in 2007 US dollars  Mean (SD) 

  Inpatient stays  1981 (10,341) 

  Outpatient visits  580 (977) 

  Concomitant medications costa  346 (778) 

  Cost of inpatient stays, outpatient care, 
  and concomitant medicationsa

 3117 (11,209) 

  Antiretroviral treatment (ART)  
  medications

 4147 (2468) 

  Total costa  6708 (10,691) 

Health status in quarter

  CD4 count (cells/μL) (mean [SD])  195.0 (170.0) 

  Indicator CD4 <50 cells/μL (%) 22.7

  Indicator CD4 50-200 cells/μL  (%) 35.7

  Indicator viral load >100,000 copies/mL (%) 22.1

  Ongoing AIDS-defining illness (%) 4.8

  Died in quarter (%) 2.3

  Died with ongoing AIDS-defining illness (%) 0.6

CD4 indicates cluster of differentiation 4. 
an = 4324 quarters, US trial participants only.
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or treat opportunistic infec-
tions (P <.001). In multivari-
ate analyses, other baseline 
characteristics including age, 
employment status, and diag-
nosis of coronary artery dis-
ease were not associated with 
higher cost in any category of 
care, and those variables were 
not included in the models. 

Several indicators of poor 
health status in the quarter 
were associated with higher 
cost. An AIDS-defining event 
was associated with signifi-
cantly higher inpatient cost (P 
<.001) and with significantly 
higher concomitant medica-
tion cost (P <.05). CD4 below 
50 cells/μL was associated 
with higher inpatient cost (P 
<.001) and higher concomi-
tant medication cost (P <.001). 
CD4 in the range of 50 cells/
μL to 200 cells/μL was also as-
sociated with greater inpatient 
cost (P <.05). High viral load 
was associated with higher 
concomitant medication cost 
(P <.01). Death in the quarter 
was associated with higher 
inpatient cost (P <.001) and 
lower cost of ART and con-
comitant medications; the in-
dividual did not survive to fill 
all prescriptions.

The results of log regres-
sions are parameters that are 
not easily interpreted. To pro-
vide a result in dollars of cost, 
we used these parameters to 
estimate the cost of different 
health states. Table 5 pres-
ents the mean and standard 
error of the quarterly cost of 
patients in health states de-
fined by CD4 count, viral 
load, and the presence of an 
AIDS-defining illness, given 
the range patient character-

n Table 3. Mean Utilization and Cost of Antiretroviral (ART) Medications, by 
Quarter, in 2007 US Dollars

Mean Days Utilization Mean Cost

Abacavir 15.7 167

Amprenavir 9.8 199

Atazanavir 15.6 308

Combivir (zidovudine, lamivudine) 6.7 115

Darunavir 4.7 90

Didanosine 12.5 126

Efavirenz 6.8 77

Emtricitabine 4.3 34

Enfuvirtide 12.6 652

Epzicom (abacavir, lamivudine) 3.1 57

Indinavir 2.9 46

Kaletra (lopinavir, ritonavir) 28.5 483

Lamivudine 24.0 190

Nevirapine 2.9 55

Ritonavir 7.7 71

Saquinavir 9.1 158

Stavudine 14.9 131

Tenofovir 43.9 542

Tipranavir 6.7 154

Trizivir (abacavir, zidovudine, lamivudine) 8.4 233

Truvada (emtricitabine, tenofovir) 6.3 126

Zidovudine 4.1 19

Other 7.5 117

Medications by year of FDA approval    

  Approved 1995 or earlier 66.2 633

  Approved 1996-2000 91.8 1471

  Approved 2001-2005 92.4 1872

  Approved after 2005 8.3 170

Mean quarterly use and cost of all medications 258.7 4147

Utilization of ART Percentage of quarters

  No ART during quarter 6.9

  2 or fewer ART medications 11.7

  3 ART medications 48.1

  4 or more ART medications 31.6

  At least 1 new ART medication 19.7

Self-reported adherence Percentage of quarters

  >95% adherent 59.1

  90%-95% adherent 19.5

  80%-89% adherent 4.3

  60%-79% adherent 4.7

  <60% adherent 12.4

ART indicates antiretroviral therapy; FDA, US Food and Drug Administration. 
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istics at baseline. Although some scenarios have a low 
probability of occurring (eg, a period with an ADE, high 
CD4 count, and low viral load), all of these combinations 
occurred during the trial. 

The cost of inpatient stays, outpatient visits, and con-
comitant medications was greater when health was poor. 
These costs were 327% higher when there was an AIDS-
defining illness than they were when one was not present 
(P <.001). Compared with periods in which CD4 count was 
below 200 cells/μL, these costs were 171% higher when 
CD4 count was below 50 cells/μL (P <.001), and 67% higher 
when the CD4 count was between 50 cells/μL and 200 
cells/μL (P <.05). Costs were 31% higher when viral load 
was greater than 100,000 cells/mL compared with periods 
when viral load was below this threshold (a difference that 
was not statistically significant; P = .07). When health was 
the most compromised—when there was an AIDS-defining 
illness, a CD4 count of less than 50 cells/μL, and viral load 
greater than 100,000 cells/mL—quarterly cost for care, ex-
cluding ART medications, was $20,494. This was 15 times 
higher than the $1353 cost when health level was good; or 
when the participant did not have an AIDS-defining ill-
ness, had a low CD4 count, or had a high viral load.

The cost of ART was lower when health was poor. 
Compared with periods during which CD4 count was 

below 200 cells/μL, ART cost was 32% lower when CD4 
count was below 50 cells/μL (P <.001) and 14% lower 
when CD4 count was between 50 cells/μL and 200 cells/
μL (P <.05). ART cost was 20% lower when viral load was 
greater than 100,000 cells/mL (P <.01).  ART cost was 9% 
higher during quarters in which there was an AIDS-defin-
ing illness (not statistically significant; P = .35). ART costs 
were $4664 per quarter during periods in which health 
level was good, 59% greater than the $2774 cost of ART in 
when health was the most compromised. ART account-
ed for 77% of the total cost during the periods in which 
health level was good and for 12% of the total cost of dur-
ing periods in which health was the most compromised.

CONCLUSIONS
Participants in this clinical trial incurred $6708 in quar-

terly costs. This represents $26,832 in annual healthcare 
costs, 34% more than the $20,000 mean annual cost of 
HIV care in industrialized countries which was reported 
in a recent review.1 

OPTIMA participants differed in important ways. 
First, they were all receiving ART. Other HIV cohorts in-
clude patients not yet receiving treatment. A study of pri-
vately insured HIV patients found that 63% were receiving 

n Table 4. Quarterly Cost Regressions of Effect of Baseline Characteristics and Health Status Variables

 
 
 

Inpatient 
Stays Cost

 
 
 

Outpatient 
Visits Cost

 
 

Concomitant 
Medication 

Costc

Inpatient,  
Outpatient, & 
Concomitant 
Medication 

Costc

 
 

ART  
Medication 

Cost

 
Total Cost 

(exclusive of 
concomitant 
medications)

Characteristics at randomization            

  Baseline CD4 count <50 cells/μL –0.130 0.053 0.884b 0.297 0.168a 0.129

  Baseline VL >100,000 copies/mL 0.252 –0.178 0.061 0.042 0.226b 0.189b

  HIV from IDU, without HCV –0.334 0.720b 0.065 0.121 0.372b 0.302a

  HCV, not IDU 0.740a 0.121 0.255 0.581a –0.229a 0.010

  HIV from IDU, with HCV 1.406b 0.137 0.050 0.928b –0.169 0.349b 

Health status in quarter            

  AIDS defining event 1.846b 0.382 0.398a 1.452b 0.088 0.814b

  CD4 <50 cells/μL 1.664b 0.450 0.798b 0.997b –0.383b 0.181

  CD4 50-200 cells/μL 0.703a 0.341a 0.186 0.513a –0.152a 0.067

  VL >100,000 copies/mL 0.072 0.172 0.547b 0.268 –0.225b –0.077

  Died in quarter 1.515b –0.782a –0.946a 0.729 –1.191b 0.450

  Died with ADE in quarter –1.593a –0.270 0.042 –1.762a 0.361 –0.522

Constant 6.028b 5.986b 4.805b 6.894b 8.349b 8.481b

ADE indicates AIDS-defining event; ART, antiretroviral therapy; CD4, cluster of differentiation 4; HCV, hepatitis C virus; HIV, human immunodeficiency 
virus; IDU, injection drug use; VL, viral load.  
aP <.05, bP <.01. 
cn = 4324 quarters (participants from US sites only).
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ART.2 OPTIMA participants had a history of treatment 
failure, and may have progressed to more expensive medi-
cations. Antiretroviral drugs and concomitant medica-
tions accounted for 61% of the total healthcare cost for 
OPTIMA participants. In the United States, pharmacy 
accounted for 54% of the cost of HIV care in 1997 and 
for 52% of the cost of care for privately insured patients 
with HIV.2 

We found that ART made up a smaller percentage 
of total costs during periods in which health was poor. 
ART accounted for 12% of total costs during periods in 
which health was the most compromised (when patients 
had an AIDS-defining illness, low CD4 count, and high 
viral load) and for 77% of total costs during the periods 
when none of these factors were present. These find-
ings are consistent with those of other studies. A recent 
study of patients in HIV clinics found that ART made up 
23% of total costs in patients with CD4 counts below 50 
cells/μL, and two-thirds of total costs for those with CD4 
counts above 200 cells/μL.26 A model of HIV costs esti-
mated that ART accounted for 38% of total costs during 
months when CD4 counts were below 50 cells/μL and 
77% of total costs during months when CD4 counts were 
above 300 cells/μL.36 The findings from these studies are 
not exactly comparable, as each used a different defini-
tion of poor health. We found that the difference in the 
proportion of costs attributable to ART was not only due 
to the higher cost of non-ART care in patients in poor 
health, but also because of their lower utilization of ART.

Previous studies of the cost of HIV care have found 
that individuals with CD4 counts below 50 cells/μL in-
curred 3 times the annual cost of individuals with CD4 
counts above 350 cells/μL.11,12 Our findings were similar. 
We found that the cost of inpatient stays, outpatient vis-
its, and concomitant medications was 171% higher when 
CD4 counts were below 50 cells/μL than they were when 
CD4 counts were above 200 cells/μL. At the same time, 
we found that patients with low CD4 counts had 32% 
lower ART cost. One limitation of some HIV cost studies 
is the failure to distinguish the different types of cost, such 
as medication, hospitalization, and ambulatory care.1 Our 
findings illustrate why this distinction can be important: 
clinical status may have a different effect on ART cost 
than on others costs. 

We found that AIDS-defining illness was associated 
with higher costs, even after controlling for CD4 count. 
The cost of inpatient stays, outpatient visits, and concom-
itant medications was 327% greater during periods with 
such an illness. Future cost studies may want to include 
this health status measure. We found that some baseline 
characteristics, including low CD4 count, high viral load, 
and HIV from IDU with HCV coinfection, had a sus-
tained effect on cost.

We acknowledge study limitations. The use of stan-
dard inpatient and outpatient unit cost understates cost 
variation. The use of US unit costs reduces the applica-
bility outside the United States, especially with respect to 
medication cost. Data on concomitant medications were 

n Table 5. Mean (standard error) of Quarterly Cost Estimates by Health Status, in 2007 US Dollars 

 
ART Medication Cost

Hospital, Outpatient, and  
Concomitant Medication Cost

No AIDS-Defining Event in Quarter

  CD4 >200 cells/μL and VL <100,000 cells/mL 4664 (217) 1353 (203)

  CD4 >200 cells/μL and VL >100,000 cells/mL 3724 (357) 1770 (386)

  CD4 50-200 cells/μL and VL <100,000 cells/mL 4007 (216) 2261 (329)

  CD4 50-200 cells/μL and VL >100,000 cells/mL 3199 (239) 2956 (546)

  CD4 <50 cells/μL and VL <100,000 cells/mL 3180 (304) 3668 (769)

  CD4 <50 cells/μL and VL >100,000 cells/mL 2539 (204) 4797 (699)

AIDS-Defining Event in Quarter

  CD4 >200 cells/μL and VL <100,000 cells/mL 5095 (516) 5782 (1292)

  CD4 >200 cells/μL and VL >100,000 cells/mL 4068 (541) 7561 (2297)

  CD4 50-200 cells/μL and VL <100,000 cells/mL 4377 (451) 9658 (1539)

  CD4 50-200 cells/μL and VL >100,000 cells/mL 3495 (409) 12,630 (2981)

  CD4 <50 cells/μL and VL <100,000 cells/mL 3474 (393) 15,671 (3082)

  CD4 <50 cells/μL and VL >100,000 cells/mL 2774 (284) 20,494 (3741)

ART indicates antiretroviral therapy; CD4, cluster of differentiation 4; VL, viral load. 
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available only for US sites. Also, our sample included few 
women. 

The clinical trial protocol may have affected utiliza-
tion, but the trial interventions had little effect on cost 
and no effect on outcomes. The protocol specified that 
a follow-up interval of 3 months is not excessive for pa-
tients with advanced HIV. OPTIMA participants were 
similar to other patients with advanced HIV in the VA 
healthcare system.20  

Medications approved prior to 2001, when this trial 
began, accounted for 61% of ART utilization and 51% 
of the cost of ART incurred by study participants. The 
patents on many of those medications have expired or 
will soon be expiring, and the costs for those medications 
has already or can be expected to decrease. It has been 
argued that reduced medication costs from patent expira-
tion should be incorporated into cost-effectiveness stud-
ies.35 This effect may be of less concern when new branded 
medications are adopted to respond to viral resistance to 
older agents. 

Although antiretroviral drugs have replaced hospital 
stays as the most costly component of HIV care, we found 
that this is not true over all periods for patients with es-
pecially advanced HIV disease. Indicators of poor health 
were associated with lower ART costs and higher costs for 
inpatient stays and concomitant medications. Treatments 
that lead to improved use of ART, either by improving 
adherence or reducing adverse effects of treatment, would 
at least partially offset their cost by reducing the need for 
hospitalization and concomitant medications.
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