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Abstract
Objective There are limited real-world data comparing cumulative incremental healthcare costs in people living with HIV 
(PLWH) and those without HIV. This study evaluated all-cause cumulative and incremental costs in PLWH in the US using 
a matched-cohort design.
Materials and Methods This retrospective, multi-year, cross-sectional analysis evaluated annual costs from 2013 to 2017, 
and projected cumulative costs of HIV from age 25 to 69 years. IQVIA’s commercial adjudicated claims database was used 
to identify patients with HIV and match them with patients without HIV (controls). Cumulative all-cause costs were derived 
from the health plan-allowed costs incurred from ages 25–69 years. Undiscounted, discounted, and incremental costs between 
PLWH and non-HIV populations were reported in 2017 US dollars (US$), and annual all-cause costs were estimated for 
each year by 10-year age bands.
Results A total of 25,261, 24,134, 31,654, 35,374, and 29,039 PLWH and 75,783, 72,402, 94,962, 106,122, and 87,117 
matched controls were identified in the years 2013 through 2017, respectively. The mean undiscounted cumulative costs were 
$1,840,554 for PLWH and $285,065 for controls, an incremental cost difference of $1,555,489, while the mean discounted 
cumulative cost for PLWH was $983,897 compared with $133,340 for controls, an incremental cost difference of $850,557. 
Mean all-cause annual and cumulative costs were up to seven times higher for PLWH compared with controls. There was a 
trend for costs to increase each year with increasing age.
Limitations and Conclusions While cumulative all-cause cost estimates only approximate total cost burden for any given 
patient, and the results of this study may not be generalizable to all population subgroups, this is one of the first US studies 
to examine annual and cumulative costs in a real-world cohort of commercially insured PLWH compared with a population 
without HIV. In this large, representative sample of commercially insured US adults with HIV, PLWH had substantially 
higher all-cause cumulative costs than individuals without HIV.
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Key Points for Decision Makers 

Mean all-cause annual and cumulative costs are up to 
seven times higher in patients with HIV, compared with 
a non-infected population.

Costs among patients with HIV increase with increasing 
age.

1 Introduction

In the US, an estimated 1.1 million people were living 
with HIV in 2016 and approximately 39,000 individuals 
were newly diagnosed in 2017 [1]. Although the incidence 
of HIV has steadily declined over the past 10 years [2–4], 

http://crossmark.crossref.org/dialog/?doi=10.1007/s41669-020-00209-8&domain=pdf
https://doi.org/10.1007/s41669-020-00209-8


688 J. P. Cohen et al.

it remains a serious public health concern given the eco-
nomic and social burden.

The economic burden of HIV has been measured via 
different approaches. Among 342,732 patients with HIV 
or AIDS in the Medical Expenditure Panel Survey from 
2002 to 2011, adjusted average costs were approximately 
$10.7 billion higher than the costs for those without HIV/
AIDS [5]. HIV healthcare costs are largely driven by phar-
macy utilization among general HIV populations [6, 7], 
whereas patients who present with advanced disease have 
substantially higher costs, primarily driven by inpatient 
care [8, 9]. A prior US study reported that the lifetime cost 
of HIV for a patient infected at age 35 years was $326,500 
in 2012 US dollars (US$), with 60% of costs attributed to 
antiretroviral (ARV) medications, 15% to other medica-
tions, and 25% to non-drug costs [8]. However, this study 
relied on dated lifetime cost estimates and was based on a 
simulated model of HIV. The cited studies emphasize the 
need for prevention, early detection of HIV, and timely 
initiation of ARV therapy (ART).

Although existing studies and models have established 
the high economic burden in patients with HIV annually 
or over a relatively longer timeframe (e.g. 10 years), there 
are limited real-world data on the comparison of cumula-
tive healthcare costs in people living with HIV (PLWH) 
and individuals without HIV. Hence, the objectives of this 
study were to (1) evaluate all-cause cumulative costs in 
PLWH from ages 25–69 years based on real-world US 
claims data; and (2) estimate the incremental cost of HIV 
using a matched-cohort design comparing HIV and non-
HIV individuals.

2  Methods

2.1  Study Design and Data Source

This study was a retrospective, multi-year, cross-sectional, 
case–control analysis evaluating annual costs across a 
5-year period (2013–2017) using a commercial US real-
world adjudicated claims database (IQVIA’s PharMetrics 
Plus [P+]). P+ is a closed database of medical and phar-
macy claims data of over 150 million unique individuals 
including national and subnational health plans as well as 
self-insured employer groups. The database has detailed 
information on inpatient/outpatient diagnoses and proce-
dures documented by primary care and specialty provid-
ers, as well as pharmacy utilization. The health plan cost 
information is complete in the database and is representa-
tive of the national, commercially insured population for 
individuals aged ≤ 65 years. Working adults older than 
65 years of age, as well as those purchasing supplemental 

commercial Medicare insurance, are also included in the 
database, albeit at smaller sample sizes. The cost data from 
the database used in this study was the allowed amount 
for payment as determined by the health plan, which 
included both the actual amount paid by the plan as well 
as the patient responsibility, or out-of-pocket cost. All data 
are compliant with the Health Insurance Portability and 
Accountability Act to protect patients’ privacy.

2.2  Patient Selection

Adult (≥ 18 years of age) PLWH were identified from 1 Jan-
uary 2013 through 30 September 2017 (selection window) 
and were evaluated on an annual basis. PLWH were required 
to meet the following study criteria: (1) one or more diagno-
ses of HIV-1 (International Classification of Diseases, Ninth 
Revision [ICD-9] 042, V08; ICD, Tenth Revision [ICD-10] 
079.53, Z21) on any non-ancillary medical claim during the 
respective evaluation (calendar) year; (2) one or more claims 
for any ARV during the respective evaluation year; and (3) 
continuous health plan enrollment with both medical and 
pharmacy benefits throughout the respective evaluation year. 
Patients with missing information on age, sex, prescription, 
or diagnosis were excluded.

PLWH were directly matched with non-HIV patients (no 
evidence of HIV diagnosis or ART use during the entire 
study period) on age, sex, geographic region, and index 
year at a 1:3 ratio within each evaluation year (five separate 
annual matched cohorts). Matched controls were required to 
meet the same health plan enrollment criteria. Data included 
in this study were from 1 January 2012 through 30 Sep-
tember 2017 (study window) to allow for confirmation of 
non-HIV status.

2.3  Measures

2.3.1  Patient Characteristics

Demographics (age, sex, geographic region, payer type, and 
health plan type) were assessed within each evaluation year 
and compared between PLWH and matched non-HIV patients. 
Measures were based on the first claim within the respective 
year. Standard comorbidities and neuropsychiatric conditions 
were also evaluated, based on the observation of one or more 
claims with a diagnosis for the respective condition.

2.3.2  Cumulative Costs

Cumulative costs were defined as direct healthcare costs 
(medical and pharmacy) associated with treating HIV 
patients from the age of 25–69 years, and were evaluated 
from age 25 years, based on reports from the Centers for 
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Disease Control and Prevention that HIV infections peak 
around this age [10]. A bootstrapping approach was applied 
to the estimation of cumulative costs (described in the Sta-
tistical Analysis section), wherein cost calculations were 
based on costs per age using cost data over a 5-year period 
(2013–2017). Costs generated for each age between ages 25 
and 69 years were summed to estimate costs over a 44-year 
period. For the cost estimates, undiscounted, discounted (3% 
annual rate applied to discount future costs to net present 
value as in Eq. 1), and incremental costs between matched 
HIV and non-HIV populations were reported in 2017 US$ 
via the standard calculation for the present value:

2.3.3  Annual Costs

A cross-sectional evaluation of annual healthcare costs was 
performed for each year between 2013 and 2017. All-cause 
costs were estimated by 10-year age bands for PLWH and 
non-HIV enrollees, and included costs associated with inpa-
tient, outpatient, emergency department (ED), and pharmacy 
services utilized within each evaluation year. So that each 
age band contained 10 equal years of data, costs were esti-
mated for patients beginning at 20 years of age and ending 
at 69 years of age (data in P+ are limited for older patients, 
thus estimates for patients beyond this point may not be rep-
resentative of the true population). Costs were reported as 
mean, standard deviation (SD), median, first quartile, and 
third quartile costs across the respective age bands (20–29, 
30–39, 40–49, 50–59, 60–69 years). Upon calculating the 
per year cost for each age band, the average total cost across 
the years was estimated. The patient’s age as of 2017 was 
used to determine the age band for which their costs were 
included for reporting the average total cost.

For the year 2017, data were not available beyond Sep-
tember at the time of the analysis, thus annual costs in 2017 
were estimated using Eq. 2:

where average ratio was calculated by the costs in the fourth 
quarter of years 2013–2016 divided by the costs in the first 
three quarters in 2013–2016; for example, where (Eq. 3):

(1)
Future value (discounted annual cost)

=
Future value (undiscounted annual cost)

(1 + annual discount rate of 3% )Number of years

(2)
Estimated annual cost in 2017

= (cost in 2017Q1 to Q3) × (1 + average ratio)

(3)Cost ratio for 2013 =
Q4 cost in 2013

Q1 toQ3 cost in 2013

In addition to reporting annual costs by age band, costs 
were also reported annually by place of service (inpatient, 
outpatient, ED, and pharmacy).

Cumulative and annual costs were expressed as the 
health plan allowed amount (amount paid by the health 
plan + patients’ co-pay amount). All costs were adjusted to 
2017 US$ using the Bureau of Labor Statistics Consumer 
Price Index for medical care [11].

2.4  Statistical Analyses

All analyses were performed using SAS version 9.3 (SAS 
Institute, Inc., Cary, NC, USA). Differences in baseline 
characteristics between PLWH and matched cohorts were 
tested using the Wilcoxon signed-rank test for continuous 
measures and McNemar’s test for categorical measures. 
Descriptive statistics were used to report all-cause health-
care costs across age bands by each calendar year, and for 
reporting costs by place of service (mean, SD, median). A 
p value < 0.05 indicated a significant difference in costs. 
Cumulative costs were estimated using a bootstrapping 
approach to generate mean and median costs and 2.5th 
and 97.5th confidence intervals (CIs) for patients sam-
pled at each age from 25 to 69 years. The bootstrapping 
approach allowed for us to account for the skewness typi-
cally observed in cost data by resampling the population 
in generating the cost data, thereby minimizing bias and 
reducing the standard errors in the estimates. Bootstrap-
ping with 1000 independent replications for each age band 
in PLWH and non-HIV patients was performed [12]. When 
evaluating the number of patients available for sampling 
at each age, we observed that the smallest sample was for 
patients aged 69 years (n = 256). Based on this count, 250 
patients were randomly sampled for each bootstrapping 
replicate in the base-case scenario. To evaluate the impact 
of the number of patients sampled on the cost estimate, 
two sensitivity analyses were performed. In the first sen-
sitivity analysis, we used a 50% random sample of patients 
in each age, and, in a separate analysis, the full population 
for the respective ages was used as the number of patients 
sampled for each bootstrapping replication.

3  Results

A total of 25,261, 24,134, 31,654, 35,374, and 29,039 HIV 
cases and 75,783, 72,402, 94,962, 106,122, and 87,117 
matched controls were identified from 2013 through 2017, 
respectively (Table 1). In both cases and controls, mean (SD) 
age was 47 (11) years, and the majority were male (80–82%) 
and covered by commercial/self-insured health plans 
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throughout each evaluation year. The majority lived in the 
Southern US (59%), while fewer came from other regions 
(Northeast, 16%; Midwest, 17%; West, 8%) (electronic sup-
plementary Table 1). Despite matching, all comorbidities of 
interest (except for rheumatologic disease) were significantly 
more prevalent among PLWH compared with their controls. 
Noteworthy differences were observed between PLWH and 
non-HIV patients with respect to alcohol/drug abuse (year 
2017 data: 14.3% vs. 5.7%, respectively; p <0.0001), depres-
sion (14.3% vs. 5.2%, respectively; p <0.0001), dyslipidemia 
(36.0% vs. 22.5%, respectively; p <0.0001), and hyperten-
sion (31.1% vs. 23.7%; p <0.0001) (Table 2).

3.1  Cumulative Cost Estimation

Base-case results for the cumulative cost estimation are 
presented in Table  3. The mean undiscounted cumula-
tive cost for PLWH was $1,840,554 (median: $1,838,889; 
95% CI $1,792,559–$1,894,414). For non-HIV enrollees, 
the mean undiscounted cumulative cost was $285,065 
(median $284,324; 95% CI $265,664–$307,809), with an 
incremental mean cost difference of $1,555,489 (median 
$1,554,030; 95% CI $1,501,464–$1,612,220).The mean dis-
counted cumulative cost for PLWH was $983,897 (median 
$982,369; 95% CI $958,424–$1,013,820), whereas the 

mean discounted cumulative cost for non-HIV enrollees was 
$133,340 (median $133,056; 95% CI $123,317–$145,604), 
with an incremental mean cost difference of $850,557 
(median $849,726; 95% CI $821,541–$881,970). Sensitivity 
analyses of cumulative costs appeared robust and consistent 
with the base-case lifetime cost estimates (electronic sup-
plementary Table 2).

3.2  Annual Cost Estimation

Age-based analyses revealed a general trend toward increas-
ing costs from year-to-year and with increasing age band. 
This was more notable among PLWH. Additionally, costs 
incurred during each year were higher among patients in 
the older age bands. For instance, in 2017, median costs for 
PLWH were $32,053 for those aged 20–29 years, $34,194 for 
those aged 30–39 years, $35,167 for those aged 40–49 years, 
$36,623 for those aged 50–59 years, and $38,325 for those 
aged 60–69 years (electronic supplementary Table 3).

For each year of evaluation, mean annual all-cause costs 
were consistently nearly seven times higher for PLWH com-
pared with non-HIV patients. For PLWH, the mean (SD) 
total healthcare cost across the years was $40,352 ($51,562). 
The majority of costs (72.9%) was attributed to pharmacy 
utilization [$29,434 ($21,495)], followed by outpatient visits 

Table 1  Sample selection by evaluation year

ART  antiretroviral therapy, HIV human immunodeficiency virus, NNRTIs non-nucleoside reverse transcriptase inhibitors, NRTIs nucleoside 
reverse transcriptase inhibitors, PIs protease inhibitors, INSTIs integrase strand transfer inhibitors
a For the year 2017, the end of the study period (30 September 2017) was the end of evaluation
b ART included the following drug classes: NNRTIs, NRTIs, PIs, fusion inhibitors, entry inhibitors, and INSTIs
c Matching variables included age as of evaluation year, sex, and geographic region

Step Attrition criteria 2013 2014 2015 2016 2017

HIV Cohort
 1 Patients with a diagnosis of HIV1 on one or more non-

ancillary claims during the evaluation  yeara
47,223 57,634 66,369 67,859 56,558

 2 At least one claim for any ART b within the respective evalu-
ation year

36,536 43,127 51,502 53,170 46,293

 3 Continuous health plan enrollment with both medical and 
pharmacy benefits

25,557 24,412 31,994 35,740 29,194

 4 Patients aged ≥ 18 years as of the index year and without 
data quality issues (missing age, sex, prescription, or 
diagnosis information)

25,261 24,134 31,654 35,374 29,039

Non-HIV cohort
 1 Patients without a diagnosis of HIV or ART b anytime dur-

ing the study period
6,330,887 6,330,887 6,330,887 6,330,887 6,330,887

 2 Continuous health plan enrollment with both medical and 
pharmacy benefits throughout the year

1,398,706 1,284,434 1,414,770 1,442,874 1,126,406

 3 Patients aged ≥ 18 years and without data quality issues 
(missing age, sex, prescription, or diagnosis information)

1,037,275 950,833 1,055,887 1,076,973 904,970

Matched  samplec

 HIV patients remaining after 1:3 direct match 25,261 24,134 31,654 35,374 29,039
 Non-HIV patients remaining after 1:3 direct match 75,783 72,402 94,962 106,122 87,117
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[$6338 ($34,334)] and hospitalization [$4032 ($25,401)]. 
For non-HIV patients, approximately half of the costs 
(51.2%) were attributed to outpatient visits [$3123 
($22,490)], followed by hospitalization [$1380 ($13,794)] 
and pharmacy utilization [$1344 ($7724)] (Table 4).

4  Discussion

To our knowledge, this is the first US study using a retro-
spective cohort study design to compare incremental cumu-
lative healthcare costs in commercially insured PLWH and 
patients without HIV between the ages of 25 and 69 years. In 
this study, mean all-cause annual healthcare costs from ages 
25–69 were almost seven times higher in PLWH compared 
with individuals without HIV, with a mean undiscounted 
incremental amount of more than $1.5 million and an aver-
age discounted incremental cost of more than $850,000 in 
cumulative costs. This finding was further supported by sen-
sitivity analyses.

Evidence regarding the cumulative costs in PLWH is 
limited. Prior research on lifetime cost estimates used com-
puter simulation models with model inputs derived from 
the public domain. For example, a previous analysis con-
ducted by Schackman et al. used a simulated cost model 
and projected costs to estimate that the mean discounted 
lifetime cost of HIV for a patient infected at age 35 years was 
$326,500 in 2012 US$ [7]. In another model-based study, 
Farnham et al. found lifetime cost estimates of $332,300 
and $443,000 (2012 US$) among US individuals entering 
care with CD4 201–350/μL and > 500/μL, respectively [13]. 
As advancements in the HIV care model have been made 
since these reports, the cost inputs used to derive the esti-
mates presented in these studies are now dated. The current 
study utilized more contemporary data based on real-world 
health insurance claims to report actual medical and phar-
macy costs incurred, as dictated by the health plan reim-
bursement model. Our evaluation yielded cost estimates 
that were two to three times higher than those previously 
reported. In addition to the use of non-simulated cost data, 
our approach differed from the previous studies in that costs 
were estimated from the age of 25 years, which represents 
the age at which infection rates peak [10], up to the age 
of 69 years (i.e. over a 44-year span), whereas Schackman 
et al. estimated costs assuming 29.5 years with HIV [8] and 
Farnham et al. estimated 38 years with HIV [13]. Additional 
factors potentially contributing to the discrepancies in cost 
estimates might relate to the costs included in each analysis. 
For example, Schackman et al. note that ED, inpatient, and 
non-HIV clinic visits may not have been adequately captured 
because HIV clinics were the source of the data [8]. In using 
healthcare claims for our analysis, we were able to capture 
all costs associated with medical and pharmacy services B
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covered by the insurance plan. It is worth noting that costs 
captured in this study are based on the actual payments made 
by health plans to medical providers and pharmacies, and 
include patient out-of-pocket costs, which may differ from 
rates derived from fee schedules, cost-to-charge ratios, other 
payers, or treatment estimates based on average wholesale 
price (AWP).

Over the 5-year period, annual mean all-cause costs were 
almost seven times higher in PLWH compared with non-
HIV enrollees. Consistent with previous cost estimates using 
US claims data [14], we identified pharmacy utilization as 
the major contributor to total annual all-cause costs among 
PLWH, largely due to the high cost of ART. A subanalysis of 
costs incurred in 2017 revealed that ART accounts for more 
than 85% of pharmacy costs, and that these costs increase as 
patients age (electronic supplementary Table 4).

As ART has improved and life expectancy has 
increased, the proportion of adults over 50 years of age 
living with HIV has increased [15]. Consequently, the pro-
portion of PLWH with comorbidities has increased over 
time, across both age groups and different payer types 
(commercial insurance, Medicare, Medicaid) in the US 
[16–18]. Improving care and quality of life for PLWH is 
crucial, and greater support is necessary for preventive 
measures to avert the transmission of the disease. Studies 
show that the early initiation of ART and treatment with 
pre-exposure prophylaxis can be cost-effective measures 
to control and even avoid long-term costs associated with 
HIV [19, 20].

This study expands upon previous estimations of life-
time costs for HIV by providing contemporary estimates of 
cumulative cost of HIV from age 25–69 years using recent 
real-world data generated from HIV patient claims, com-
pared with matched uninfected counterparts. This study 
is strengthened by the inclusion of a representative popu-
lation of HIV patients across the US, the use of actual 
rather than projected simulated costs, and the inclusion 
of a 5-year annual cost assessment that allows for the 

evaluation of year-to-year variations. In addition, sensitiv-
ity analyses were performed to substantiate the estimates.

4.1  Limitations

This study was limited by several factors. The cumula-
tive all-cause cost estimate from ages 25 to 69 years only 
approximates total cost burden. Patients over 69 years of 
age are not captured and may experience costs different 
than those evaluated, as might patients who contract HIV 
later than 25 years of age or die before 69 years of age. 
Costs reported in this study were not evaluated within 
specific risk groups, and cumulative costs may be higher 
or lower among certain subpopulations. Administra-
tive claims data are used primarily for billing and reim-
bursement purposes, and certain clinical conditions may 
potentially be under- or overcoded as a result of coding 
conventions designed around reimbursement considera-
tions, leading to misclassification bias. Lastly, IQVIA’s 
Real-World Data Adjudicated Claims Database–US (Phar-
Metrics Plus) is representative of the US commercially 
insured population but may not be generalizable to all 
population groups, such as patients covered by Medicare 
and Medicaid.

5  Conclusions

Cumulative healthcare costs from ages 25 to 69 years were 
almost seven times higher in PLWH than in individuals 
without HIV. The cost of managing HIV is substantial and 
burdensome to patients and the healthcare system. Current 
cost estimates should be used when evaluating the eco-
nomic impact of treating those with HIV and when devel-
oping strategies to prevent HIV infection, or to estimate the 
cost effectiveness of HIV prevention activities. To improve 
patient outcomes and reduce the economic burden of HIV, 

Table 3  Base-case results for cumulative costs in matched PLWH and non-HIV enrollees

Bootstrapping approach using 1000 replications with 250 patients randomly sampled for each replicate
HIV human immunodeficiency virus, PLWH people living with HIV, CI confidence interval

 All-cause health-
care costs from ages 
25–69 years

Undiscounted costs Discounted costs

HIV Non-HIV Incremental HIV vs. 
non-HIV

HIV Non-HIV Incremental HIV vs. 
non-HIV

Mean $1,840,554 $285,065 +$1,555,489 $983,897 $133,340 +$850,557
Median $1,838,889 $284,324 +$1,554,030 $982,369 $133,056 +$849,726
First quartile $1,822,962 $277,635 +$1,536,956 $975,040 $129,529 +$840,228
Third quartile $1,857,624 $291,705 +$1,574,712 $992,677 $136,299 +$860,746
95% CI (2.5th and 

97.5th percentiles)
($1,792,559–

$1,894,414)
($265,664–

$307,809)
+($1,501,464–

$1,612,220)
($958,424–

$1,013,820)
($123,317–

$145,604)
+($821,541–

$881,970)
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it is crucial to encourage prevention and screening for HIV, 
along with early initiation of ART when appropriate.
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