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Abstract

Objective: The costs of medical care for people with HIV/AIDS (PWH) vary substantially across
demographic groups, stages of disease progression and regionally across the US. We aimed to
estimate medical costs for PWH and examine the heterogeneity in costs within key patient groups
typically distinguished in cost-effectiveness analyses.
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Design: Retrospective cohort study using health administrative databases for diagnosed PWH in
care at 17 HIV Research Network (HIVRN) sites across the US.

Methods: We estimated mean quarterly costs for key patient groups using multivariable
generalized linear mixed effects models. We used quantile regression to highlight differences in
the effect of covariates within each patient group (difference between covariate estimates at the
mean versus the 90t percentile of quarterly costs), identifying covariates with a larger effect
among the highest cost PWH, or generating greater uncertainty in mean cost estimates.

Results: Our sample included 40,022 patients with a median age of 39 years. Mean quarterly
costs were highest for people who inject drugs (PWID) with advanced disease progression and for
PWH on antiretroviral treatment (ART). Within patient groups, we found the most heterogeneity at
different levels of resource use for PWH on ART and PWH off ART with CD4<200, PWID, as
well as PWH in the South.

Conclusions: This study quantifies heterogeneity in costs both across and within key PWH
patient groups. Our results highlight the need for sensitivity analysis on cost estimates and may
inform decisions on model structure in cost-effectiveness analyses on HIV/AIDS treatment and
prevention strategies.

Background

Life expectancy of people living with HIV (PWH) has increased due to advances in the
clinical care of HIV/AIDS [1], screening [2], earlier ART initiation and delayed disease
progression [3]. As a result, the economic burden of HIV has evolved, with PWH living
longer, and accumulating higher medical costs over their lifetime [4, 5]. Immediate access to
combination antiretroviral therapy (ART) provides individual and public health benefits [6],
while suboptimal ART uptake challenges efforts to reduce HIV-related morbidity, mortality
and transmission [7]. High costs of scaling-up treatment and prevention strategies, largely
attributable to antiretroviral medications, future uncertainty in ART costs due generic
medications [8], and newer branded regimens [9] present additional challenges to reducing
the public health and economic burden of HIV [4, 10].

The US HIV epidemic features substantial geographic variation and is best characterized as
a set of diverse microepidemics, dispersed mostly across large urban centers [11]. Among
six major US cities, HIV transmission risk group composition for PWH varied from 28-77%
for men who have sex with men (MSM), 4-42% for people who inject drugs (PWID), and
10-38% for heterosexuals (HET), and race/ethnicity composition varied from 9-78% Black,
3-43% Hispanic/Latino, and 15-70% white [11]. These cities also had wide differences in
provision and funding of HIV care, including Medicaid funding per PWH (e.g. $1,488 in
Miami vs. $17,122 in New York), as well as state-level Medicaid eligibility [12, 13]. Prior to
the affordable care act, the national percentage of uninsured individuals under 65 was 13.9%
for whites, 21.6% for blacks and 33.3% for Hispanics [14], though expansion of coverage
has begun to reduce these disparities [15]. HIV disease progression [4, 16-19], as well as
geographic variation in demographics and clinical practice have contributed to differences in
the costs of medical care for PWH across the US [20]. In a climate of uncertainty in
healthcare funding and delivery, analysis on how medical costs differ across geographic
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region, risk group, and disease progression should be an area of scrutiny by researchers and
policymakers alike.

Model-based cost-effectiveness analysis provides a framework to quantify the health and
economic value of strategies to address HIV microepidemics while accounting for the
synergistic effects of different combinations of public health interventions [21-23]. A review
of cost-effectiveness studies on the treatment and prevention of HIVV/AIDS from 1991-2011
noted that most assumed a uniform cost per patient [24], meaning that population
heterogeneity in PWH was not captured in cost projections. Recent studies of the lifetime
cost savings from preventing HIV have incorporated population heterogeneity by using cost
inputs that varied across transmission risk group, age, sex and race/ethnicity [4]; however,
these national estimates did not account for regional heterogeneity in group composition.

Focusing on the mean effect of covariates can obscure potentially large heterogeneity within
patient groups, where differences in mean costs are driven by a small percentage of high-
intensity health resource users [25]. Quantile regression analysis can reveal how estimates
for a particular patient group may vary depending on the intensity of resource use for an
individual, relative to others within the same group [25, 26]. For cost-effectiveness analysis,
cost inputs for PWH patient groups derived from coefficient estimates with large variation in
effect size are subject to greater uncertainty. There is thus potential to under- or over-
estimate the cost-effectiveness of a given intervention, depending on the case-mix of patients
it is designed to reach.

We aimed to estimate medical costs for PWH, attributable to health resource use intensity,
and examine heterogeneity in costs across (using standard multiple regression techniques)
and within (using quantile regression) geographic region, transmission risk group, and CD4
cell count. We estimated the effect of covariates at different cost quantiles to identify
covariates with the greatest heterogeneity within patient groups.

Study design and data sources

The HIV Research Network (HIVRN) is a consortium of 17 adult and pediatric HIV care
providers located in the northeastern (n=8), southern (n=5), and western United States (n=4)
[20, 27]. HIVRN sites abstracted data elements from patients’ medical records, and data
were assembled into a single database after quality assurance review [19]. HIVRN data
included demographic data, length of inpatient visits, number of outpatient and emergency
visits, laboratory tests (including CD4 and plasma viral load (pVL) tests), as well as dates
and durations for ART and non-ART prescription drugs. All sites participating in the
HIVRN for all years between 2002 and 2015 were included in the analysis. We limited our
analyses to patients over 15 years of age, observed in care for at least one quarter between
2010-2015 (defined as at least one record of any healthcare utilization for a given person-
quarter), and those with complete demographic information.

AIDS. Author manuscript; available in PMC 2020 July 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Enns et al.

Page 4

Study measures

The primary outcome for our analysis was total quarterly healthcare costs, including costs
for inpatient, outpatient, and emergency care, lab tests, ART and non-ART prescription
drugs. Unit costs for inpatient, outpatient and emergency visits were derived from
McCollister et al. (2017) [28]. Costs for prescription drugs were derived from Veterans
Affairs (VA) Federal Supply Schedule (FSS) prices that we adjusted upward by 21%
according to the recommended adjustment for FSS pricing relative to the usual cost to the
US healthcare system [29]. For unit costs of prescription drugs, we assumed that the average
FSS price represented the average monthly supply cost for each drug, and we derived
medication costs of from VA FSS price lists, using brand-specific drug prices where
indicated in our utilization data and generic prices if available. Costs for CD4 and pVL tests
were derived from Schackman et al. (2015) [4], and all other laboratory testing unit costs
were derived from Medicare clinical laboratory fee schedules [30]. We calculated costs from
the perspective of a large-scale purchaser of services, such as national Medicaid or Medicare
programs, and presented estimates in 2018 USD.

The primary independent variables included CD4-based disease progression, ART status
(based on ART quarterly prescriptions), geographic region (northeast, south, west), gender
and HIV risk groups, including MSM, MSM who inject drugs (MWID), male and female
PWID and male and female HET. We categorized disease progression by quarterly median
CDA4 cell count per microliter (cells/uL) as <200, 200-499, =500, and missing. We imputed
missing CD4 results by carrying forward results from an individual’s most recent test for a
maximum of two quarters, after which we classified these measures as missing.

We controlled for race/ethnicity (Black, Hispanic/Latino, and non-Hispanic white/others),
age (categorized as <30, 30-39, 40-49, and 50+), calendar year, plasma viral load (pVL)
suppression and insurance coverage. We categorized pVL measures as: at least one test <200
copies/mL, all tests >200 copies/mL, and missing. We imputed missing pVL measures by
carrying forward results from an individual’s most recent test for a maximum of two
quarters, after which we classified these measures as missing. We derived insurance status
from medical records and categorized coverage as: private insurance, Medicare and/or
Medicaid, and other coverage/uninsured/missing.

Statistical Analysis

We estimated mean quarterly medical costs using a generalized linear model (GLM) with a
log link and gamma distribution. We chose this model given that our data were non-negative
and right-skewed, a case in which ordinary least-squares regression (OLS) estimates can be
biased and where re-transformations of log-transformed costs are sensitive to model
misspecification [31, 32]. We selected a multilevel GLM with individual-level random
intercepts to account for intra-individual correlation from repeated measurements, and did
not include clinic-level random intercepts due to insufficient variation after including
individual-level random intercepts.
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We estimated mean regional quarterly medical expenditures by HIV risk group, CD4
category and ART status, controlling for covariates listed above. We presented stratified
quarterly costs averaged over patient groups within each region.

As a secondary analysis, we used quantile regression to investigate within-group differences
of covariate effects for individuals at different cost quantiles. Quantile regression fits a
multivariable regression at each conditional quantile of the dependent variable, and residuals
are weighted based on the chosen quantile [33]. The coefficient for a 90th percentile quantile
regression refers to the effect of a covariate on costs for the individual in the 90th percentile
of the cost distribution for a given person-quarter [34]. Because quantiles are based on the
distribution of the outcome variable over the entire sample, individuals may appear in
different quantiles throughout the study period. We log-transformed quarterly healthcare
costs and display estimates for conditional quantiles, highlighting relative to the reference
group within each category.

While estimates of covariate effects on the mean provide only one estimate, covariates may
influence the conditional distribution of the outcome variable by expanding dispersion,
stretching or compressing one tail, or inducing multimodality [33]. We investigated the
impact of key covariates across the cost distribution, by estimating a set of coefficients at
different quantiles and comparing these to the effect on the mean. This allowed us to identify
coefficient estimates that were larger in magnitude at higher cost quantiles, highlighting
where mean cost estimates applied to a particular patient subgroup in cost-effectiveness
analysis were subject to greater uncertainty.

Due to greater uncertainty in non-ART prescription drug costs, we conducted sensitivity
analysis by removing these costs from total medical costs. We also re-estimated our primary
regression model with site-level, instead of regional, indicators, and removed individual-
level random intercepts.

We created our analytic sample in SAS v9.4, and conducted statistical analysis in Stata
v14.1. Quantile regression analyses were performed using the Stata package “qreg2”, which
allowed us to derive standard errors which were valid under intra-cluster correlation [35].

Descriptive statistics

Our sample included 40,022 PWH (24% female, median age: 39 years) with a median 3.25
(IQR: 1.5, 5.5) years of follow-up and 13 (6, 22) observations per individual from 2010 and
2015. PWH in the West were 63% MSM, and PWH in the South were 58% Black (Table 1).
Unadjusted total mean costs per person-quarter ranged from $8,825 in the Northeast to
$10,382 in the South. ART drug costs among all PWH, both on and off ART, were the
largest component of total mean costs, ranging from 72% in the West to 82% in the South
(Fig.1). Diagnostic testing and outpatient costs were a substantial portion of costs for those
in the 10t percentile (Fig.2A), while ART costs represented the majority for those in the
50t and 90t percentiles (Fig.2A-C). Inpatient and emergency department visits represented
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a larger proportion of costs for those in the 90t percentile (Fig.2C), particularly in the
Northeast and West.

GLM regression results

We derived mean quarterly costs within our sample, using coefficient estimates from our
multilevel GLM model to generate fitted values for PWH stratified by HIV risk group, CD4
category, geographic region, and ART receipt. Costs for individuals off ART ranged from
$1,208 (95% Cl: 1,192-1,224) for MSM in the Northeast with CD4 =500 to $4,274 (4,114—
4,434) for female PWID in the West with CD4 <200. For individuals on ART, costs ranged
from $10,534 (10,414-10,654) for MSM in the Northeast with CD4 =500, to $15,787
(15,229-16,345) for female PWID in the West with CD4 <200 (Table 2).

Quantile regression results

Differences in CD4 cell count and ART status had the largest overall effect on costs, across
patient groups, relative to risk groups and regions. Using quantile regression, we highlighted
within-group differences in coefficient estimates across cost quantiles (Fig.3). For PWH off
ART with CD4 200-499 and CD4 <200, coefficient estimates were higher for those at the
90! percentile, relative to the mean estimate (142% and 168%, respectively). Within PWH
on ART, estimates for individuals at the 90t percentile were lower relative to the mean for
all CD4 categories. Within male and female PWID, estimates for those at the 90t percentile
were 69% and 66% higher, respectively, relative to the mean estimates. Estimates for female
heterosexuals, MSM and MWID were similar in magnitude across quantiles. Finally, for
PWH in the South, coefficient estimates were more than double (230%) for those at the 90t
percentile, relative to the mean, while estimates for those in the West were relatively
consistent across quantiles.

Sensitivity analysis
Removing individual-level random effects increased coefficient estimates for CD4 <500
relative to CD4 =500 among PWH off ART, and decreased estimates for all CD4 categories
for individuals on ART relative to those off ART. Replacing indicators for regions to site-
level attenuated coefficient estimates for transmission risk groups relative to HET, while
coefficient estimates on disease progression were essentially unchanged. Removing non-
ART prescription drug costs increased coefficient estimates for those with a CD4 of less
than 500 relative to CD4 =500. None of these changes affected the statistical significance of
coefficient estimates for our primary covariates, or changed the relative rank order of effect
sizes within each PWH patient group (Appendix Table 1).

Discussion

Main findings
This study provides regional estimates for medical costs among PWH, stratified by HIV risk
group, HIV disease progression, and ART receipt. We identified heterogeneity in mean
quarterly costs across PWH patient groups, and in the effects of covariates for individuals
within these groups, at different levels of resource use intensity. Using quantile regression,
we identified the most substantial heterogeneity among key PWH patient groups, at different
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levels of total costs, for those in the South, those with low CD4 cell counts, and among
PWID.

Disease progression accounted for the largest cost differences for all PWH. For MSM off
ART, the difference in mean costs between CD4 <200 and =500 was $1,892, $2,039 and
$2,065 for those in the Northeast, South, and West respectively. Among MSM on ART, this
difference was $917, $989 and $1,001 in the Northeast, South and West respectively. Gebo
et al. (2010) estimated cost differences between CD4 =500 and those with CD4 <50 and 50—
200 to be $8,062 and $2,813 respectively among all PWH (adjusted to quarterly costs in
2018 USD) [19]. Fleishman et al. (2016) estimated cost differences among PWH enrolled in
Medicaid to be $6,838 higher for PWH with CD4 <200 compared to CD4 =500 (adjusted to
quarterly costs in 2018 USD) [36]. The disparity in cost estimates by disease progression
between our results and previous studies likely reflect differences in CD4 categories, driven
by inclusion of a separate category for CD4<50 in Gebo et al. (2010) [19], indicative of very
poor health. Furthermore, costs in both studies were estimated by pooling all PWH, both on
and off ART, and PWH in Fleishman et al. (2016) were enrolled in Medicaid with higher
overall medical costs across all patient groups [36]. Given substantially higher costs of PWH
with advanced disease progression, this reinforces the importance of early engagement on
ART in reducing medical costs by delaying disease progression among PWH [4]. Higher
cost estimates for female PWH, were consistent with trends in overall US healthcare
spending, where estimated spending per person was 25% higher for women than men in
2013, excluding pregnancy-related expenses [37].

Mean quarterly costs also varied by risk group, with PWID having the highest costs among
risk groups, and MSM the lowest. Among PWH off ART with CD4 <200, quarterly cost
differences between male PWID and MSM were $652 in the Northeast, $702 in the South
and $711 in the West regions. Cost differences among male PWID and MSM on ART were
$2,409 in the Northeast, $2,596 in the South and $2,628 in the West regions, respectively.
This was consistent with previous findings of high costs associated with complications due
to injection drug use [38], as well as PWID having the highest costs among risk groups in
previous cost estimates for PWH [19, 36].

Our quantile regression analysis demonstrated disparate patterns of the effect of ART receipt
on total costs. Coefficient estimates by CD4 category for PWH off ART were increasing,
and estimates for those on ART were decreasing for PWH at higher cost percentiles (Fig. 3).
The convergence in estimates between PWH on and off ART with low CD4 cell counts
suggested that the high cost of ART medications played a diminishing role in how PWH in
the highest cost quantiles accumulated costs, relative to other components such as inpatient
and emergency costs. This interpretation is consistent with previous findings that inpatient
costs were the largest component of medical costs for those with CD4 cell counts <50 [19].
In the context of cost-effectiveness analysis, costs for PWH on ART were better captured by
mean estimates for a representative individual, compared to mean estimates for PWH off
ART, which could be subject to greater bias, as mean cost estimates were driven by
individuals with the highest costs. It has been noted elsewhere that differences in coefficient
effects at lower quantiles may reflect differential access and preferences for preventative
care, while differences at higher quantiles result from individuals with more critical health
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issues [34, 39]. Our results for PWH off ART likely reflect this utilization pattern, where
individuals were not engaging in preventative care (smaller effects for individuals at lower
quantiles) but incurring higher costs due to complications from untreated HIV disease
progression (larger effects for individuals at higher quantiles).

Our quantile regression results also demonstrated variation in coefficient estimates among
PWID (Fig. 3). Smaller coefficient estimates for those in the lower quantiles of medical
costs may reflect lower levels of engagement in HIV care among PWID [40], while larger
effects among those with the highest resource use intensity could reflect higher costs
resulting from complications of injection drug use [38, 41]. Cost estimates for interventions
targeting the highest-cost PWID could potentially be underestimated if they were able to
target individuals with the highest intensity of resource use, such as syringe exchanges, or
opioid agonist treatment programs aimed at PWID hospitalized for injection drug use-related
infections [38]. Similarly, costs among PWID could be underestimated if an intervention re-
engaged individuals with low levels of engagement in care and low medical costs, but had
little effect on reducing costs for those with high utilization.

Quantile regression analysis also highlighted disparate patterns in the effect of receiving care
in a particular region. Controlling for demographic differences, insurance coverage, and
disease progression, coefficient estimates for residence in the South were negative for PWH
at the lowest cost quantiles and increasing for PWH at higher cost quantiles compared to the
Northeast (Fig. 3), indicating that higher mean costs in the South were skewed by the
highest cost individuals. In this case, relatively similar differences in mean costs between the
South and West, compared to the Northeast, obscured a different underlying pattern of
effects for PWH with different levels of health resource use. For PWH with lower CD4 cell
counts and PWID, differences in coefficient estimates across quantiles for PWH in the South
may have reflected barriers to accessing care, resulting in a negative effect among PWH at
lower quantiles of medical costs and a positive and increasing effect among those with the
highest costs (Fig. 3).

Our study had several limitations. We calculated prescription drug costs from prescribed
medications, not purchase records, so we could not determine if individuals had purchased
all prescribed medication. As a result, we may have overestimated prescription drug costs,
however, our results in sensitivity analysis were robust to the exclusion of non-ART
prescription drug costs. While our study represents a comprehensive assessment of medical
costs among key PWH patient groups in the US, our analysis was limited to geographic
regions of HIVRN clinics. Thus, our estimates are regional averages and may not fully
capture heterogeneity in medical costs for individual cities within regions. Furthermore,
while we had individual utilization records, we did not have access to billing records or
clinic/region-specific unit costs. Thus, cost differences likely understate variation in prices
across geographic regions and should be interpreted as differences in costs from health
resource use intensity, rather than differences in prices for the same services across regions
or by different payers. While we did not estimate the effects of hepatitis-HIV co-infection on
health resource costs, the higher prevalence of HIV/HCV co-infection among PWID/MWID
relative to other risk groups [42] likely contributed to higher estimates for these risk groups.
HIVRN sites are experienced in the treatment of HIV and costs may differ for individuals at
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sites with less provider experience or smaller caseloads of PWH. Finally, given the ability of
individuals to receive care from providers outside of HIVRN clinics, as well as care that was
not captured in HIVRN data [19], particularly among those enrolled in Medicaid [36], costs

of medical care in this cohort can be considered a lower bound, particularly for those not on

ART.

Our study estimated the regional costs of medical care among key PWH patient groups, and
heterogeneity within these groups at different quantiles of the cost distribution. We found
considerable variation in mean estimates of quarterly costs by transmission risk group,
disease progression and geographic region, confirming the need to explicitly model key
PWH patient groups in cost-effectiveness analysis. Our results also highlight the need to
consider heterogeneity when using mean costs as inputs in cost-effectiveness analysis, either
by incorporating wider bounds on cost estimates with substantial heterogeneity in sensitivity
analysis, or by including additional strata within key PWH populations informed by
differences in medical costs.
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Fig 1. Unadjusted mean quarterly costs per person-quarter by component and region (2018
uUsD)

Rx: Prescription medication; ART: Antiretroviral therapy
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Fig. 2. Unadjusted costs per person-quarter at selected quantiles by component and region (2018
uUsD)

Rx: Prescription medications; ART: Antiretroviral therapy
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Effect of covariate on log-transformed medical care costs
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Figure 3. Quantile regression estimates for individual covariates at conditional quantiles of the

log-transformed total quarterly costs distribution (2018 USD)

PWID: People who inject drugs; MSM: Men who have sex with men; MWID: MSM who
inject drugs; ART: Antiretroviral therapy. Quantile regression coefficient estimates are
presented for every 5t percentile between the 51 and 95t percentile of log-transformed
total quarterly medical costs. The solid line represents the point estimates of the coefficient
for a given conditional quantile ranging from 0.05 to 0.95, and the shaded area shows the
95% confidence band. 95% confidence intervals were derived from clustered standard errors
(shown as grey shading around quantile regression estimates), which adjusts standard errors
to account for within-individual correlation of observations due individuals having multiple
observations in our data set. The horizontal red line represents the cluster-robust ordinary
least squares estimate of the mean effect, and the blue line represents the estimated effect at
the 90t percentile, with dashed lines indicating the 95% confidence interval for each
coefficient.
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Table 1.

Summary statistics of sample cohort at baseline by geographic region

Northeast

South

West

Individuals (N)

Risk group

Male
HET
MSM
PWID
MWID

Female
HET
PWID

Race/Ethnicity

White/Other
Black

Hispanic

Age (median)

17432

2861 (16.4%)

8758 (50.2%)
1315 (7.5%)
338 (1.9%)

3557 (20.4%)
603 (3.5%)

5049 (29%)
7557 (43.4%)
4826 (27.7%)

40.7

16074

3378 (21%)
6804 (42.3%)
980 (6.1%)
357 (2.2%)

4000 (24.9%)
555 (3.5%)

3949 (24.6%)
9257 (57.6%)
2868 (17.8%)

37

6516

811 (12.4%)
4090 (62.8%)
289 (4.4%)
447 (6.9%)

717 (11%)
162 (2.5%)

3621 (55.6%)
1343 (20.6%)
1552 (23.8%)

39.4

Page 15

HET: Heterosexual; MSM: Men who have sex with men; PWID: People who inject drugs; MWID: MSM who inject drugs; ART: Antiretroviral

therapy;
7

Includes Asian, Pacific Islander and Aboriginal.
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