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Objectives. This study modeled the health and federal fiscal effects of expanding Medicaid for HIV-
infected people to improve access to highly active antiretroviral therapy.

Methods. A disease state model of the US HIV epidemic, with and without Medicaid expansion, was
used. Eligibility required a CD4 cell count less than 500/mm3 or viral load greater than 10 000, absent
or inadequate medication insurance, and annual income less than $10 000. Two benefits were mod-
eled,“full” and “limited” (medications, outpatient care). Federal spending for Medicaid, Medicare,AIDS
Drug Assistance Program, Supplemental Security Income, and Social Security Disability Insurance were
assessed.

Results. An estimated 38 000 individuals would enroll in a Medicaid HIV expansion. Over 5 years,
expansion would prevent an estimated 13 000 AIDS diagnoses and 2600 deaths and add 5816 years
of life. Net federal costs for all programs are $739 million (full benefits) and $480 million (limited
benefits); for Medicaid alone, the costs are $1.43 and $1.17 billion, respectively. Results were sensi-
tive to awareness of serostatus, highly active antiretroviral therapy cost, and participation rate. Strate-
gies for federal cost neutrality include Medicaid HIV drug price reductions as low as 9% and private in-
surance buy-ins.

Conclusions. Expansion of the Medicaid eligibility to increase access to antiretroviral therapy would
have substantial health benefits at affordable costs. (Am J Public Health. 2001;91:1464–1473)
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meeting the disability and income criteria of
the federal Supplemental Security Income
cash assistance program for persons who are
aged, blind, or disabled. However, people in
the early stages of HIV disease, for whom
highly active antiretroviral therapy may be
indicated and may prevent disability, face the
catch-22 of having eligibility postponed until
they become disabled.

Other public programs increase access to
HIV medications for those with lower in-
comes. The most important is the AIDS
Drug Assistance Program (ADAP) of the fed-
eral Ryan White CARE Act. Unlike Medic-
aid, which is an entitlement program, the
Ryan White Act requires annual appropria-
tions; fiscal year 1998 funding for ADAP
was $510 million, about two-thirds federal
and one-third state. State ADAPs have faced
repeated funding crises because of increas-
ing demands from current and prospective
enrollees.17 ADAP has 2 significant limita-
tions: adequate program funding to meet ris-
ing need depends each year on political sup-

port in Congress, and ADAP pays almost ex-
clusively for prescription medications, not
the full range of health care required by peo-
ple with HIV.

One approach to lessen financial barriers
to earlier HIV care and highly active anti-
retroviral therapy is expanding Medicaid eli-
gibility for individuals with early HIV dis-
ease, before disability.18 However, federal
policy requires that, absent legislated
changes, modifications to eligibility or bene-
fits be budget neutral to Medicaid: total pro-
gram costs cannot exceed those expected
without a modification. Preliminary federal
analyses concluded that for an HIV expan-
sion, budget neutrality for Medicaid was un-
likely, stalling efforts to expand eligibility
for HIV.19

We undertook our analysis to assess more
comprehensively the likely health and fed-
eral fiscal effects of a Medicaid eligibility ex-
pansion for people with HIV disease. Specifi-
cally, we designed a model to quantify an
expansion’s effect on the use of highly active

Antiretroviral therapy dramatically slows the
progression of HIV disease and AIDS. Multi-
ple clinical studies have reported that triple
therapy with 2 nucleoside analogues and a
protease inhibitor or nonnucleoside reverse
transcriptase inhibitor—known as highly active
antiretroviral therapy—sharply depresses viral
load, improves CD4 cell counts, and delays
clinical progression to AIDS and death.1–4

Although there is now hope that HIV/
AIDS can be a manageable chronic disease,5,6

clinical efficacy has not been matched by ac-
cess to and use of therapy. Approximately
750000 individuals in the United States are
infected with HIV,7 most of whom likely meet
the broad criteria for being offered highly ac-
tive antiretroviral therapy (CD4 cell count<
500/mm3, viral load>10000 HIV RNA
copies/mL, or symptoms). Yet, evidence from
clinical settings suggests that highly active an-
tiretroviral therapy is used by only about
200000 individuals.8 Reasons for limited use
include lack of awareness of infection, physi-
cian failure to initiate treatment, provider or
patient preference to postpone treatment, pa-
tient difficulty with adherence or uncomfort-
able side effects, and development of drug re-
sistance.6

One critical barrier is financial. Many indi-
viduals lack adequate medical insurance or
the financial resources to afford the $12000
or more annual cost of highly active anti-
retroviral therapy,9–13 and competing finan-
cial demands are associated with reduced an-
tiretroviral use.14 Several public programs
attempt to improve financial access to care.
Medicaid, with funding shared by the federal
government and the states, is the largest
payer of health care for persons with HIV/
AIDS, accounting for $3.9 billion in fiscal
year 1999 and covering 46% of all patients
with HIV in care.15,16 Medicaid eligibility re-
quires individuals to have low income and to
match an eligibility category. Most persons
with HIV/AIDS qualify for Medicaid by
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Note. The model used for this analysis portrays how the US HIV epidemic evolves over 5 years, including the rate of HIV
disease progression with limited antiretroviral therapy and with HAART. Health outcomes are new AIDS diagnoses, deaths, and
years of life. Federal costs are for programs for medical care and income support for the disabled. A Medicaid HIV expansion
slows disease progression by increasing the likelihood of HAART use.

FIGURE 1—Structure of model of the health and federal fiscal impacts of expanding Medicaid
for people with HIV to improve access to highly active antiretroviral therapy (HAART).

antiretroviral therapy and consequently on
AIDS diagnoses, deaths, and years of life.
We estimated federal fiscal effects for a
range of federal programs: Medicaid and 4
other health and income support programs
that support significant numbers of persons
with HIV/AIDS. We also examined several
strategies to reduce or eliminate net federal
costs and net costs to Medicaid over a 5-year
time frame.

METHODS

We developed a computer spreadsheet
model that incorporates epidemiologic, clini-
cal, and insurance data to estimate health out-
comes and costs initially and over time for an
expansion of Medicaid eligibility to persons
with HIV infection. In this section, we sum-
marize the model’s components and out-
comes, the value of key input parameters, and
characteristics of the modeled expansion. A
detailed technical report is available from the
authors.

Model Components and Outcomes
The core of our analysis was a disease

state–transition (Markov) model of HIV dis-
ease progression (Figure 1). This model por-
trays how the mix of HIV disease in the US
population evolves over a period of 5 years.
It is based on estimates of HIV disease pro-
gression with limited (no, single, or dual
drug) antiretroviral therapy as well as the
added clinical benefit of highly active anti-
retroviral therapy. Increased insurance cover-
age, such as with a Medicaid expansion,

slows disease progression by increasing the
likelihood of highly active antiretroviral ther-
apy use.

We calculated 3 health outcomes.

1. New AIDS diagnoses represent the pro-
gression from any pre-AIDS state to AIDS
(by the Center for Disease Control and Pre-
vention’s 1993 definition).20

2. Deaths include all causes, as generally
reported.

3. Life-years are cumulative years of life
for all individuals who are HIV infected, un-
adjusted for quality of life.

Use of highly active antiretroviral therapy
slows the progression through disease states,
thereby improving these health outcomes.

The model also calculated 2 fiscal out-
comes: federal costs represent costs for Medic-
aid, Medicare, ADAP, Supplemental Security
Income, and Social Security Disability Insur-
ance. We concentrated on federal costs be-
cause state Medicaid 1115 expansion waivers
require federal cost neutrality. To assess
strategies to reach federal cost neutrality, we
varied factors such as Medicaid drug price re-
ductions and expansion eligibility and exam-
ined drug revenues with higher sales volume
and prices low enough for neutrality.

The health and fiscal effects of the Medic-
aid HIV expansion were calculated by com-
paring outcomes of the 5-year simulation
(1998–2003) with and without the expan-
sion. Because of the lack of definitive empiri-
cal data for many inputs and also uncertainty
about program design, we conducted sensitiv-
ity analyses on all inputs.

Value of Key Input Parameters
Epidemiologic and clinical inputs are de-

scribed in Table 1, with sources. We esti-
mated from published sources an initial HIV-
infected US population of 750000 (250000
with AIDS and 500000 with HIV disease
pre-AIDS), with two thirds aware of their HIV
status and 200000 receiving highly active
antiretroviral therapy. HIV disease progres-
sion rates were derived from 30 natural his-
tory studies, with updating of summary esti-
mates to reflect current treatment and
mortality patterns. Highly active antiretroviral
therapy efficacy in reducing progression was
estimated from 22 clinical trials, classified by
stage of HIV disease and types of therapy
compared.

The medication payer distribution, by HIV
stage of disease, is shown in Table 2. Medica-
tion payers include Medicaid, private, ADAP,
safety net (e.g., charity care), and none.

We estimated the annual cost of medical
care without highly active antiretroviral ther-
apy at $4829 in early-stage HIV and
$31308 in late-stage AIDS, based on pre-
1996 studies of populations insured mainly
by Medicaid, adjusted for recent trends in in-
patient and outpatient utilization.4,76–80 This
is consistent with findings from the national
HIV Cost and Services Utilization Study of
$20000 per year across disease stages.15

The cost with highly active antiretroviral
therapy is $15404 in early-stage HIV and
$30261 in late-stage AIDS. This reflects the
cost of highly active antiretroviral therapy
($12310 average wholesale price for indi-
navir, zidovudine, and lamivudine; 20% less
for Medicaid) and adjustments for utilization
changes seen with highly active antiretroviral
therapy (e.g., 55% reduction in inpatient
care)12,80–82 (also J.G. Kahn, MD, MPH, Uni-
versity of California, San Francisco, unpub-
lished data, 1999).

Characteristics of the Modeled
Expansion

Eligibility for the modeled Medicaid HIV
expansion requires that individuals meet 3
conditions: (1) satisfy clinical guidelines for
offering highly active antiretroviral therapy:
CD4 cell count less than 500/mm3, viral load
greater than 10000 HIV RNA copies/mL, or
HIV symptoms6; (2) lack medical insurance
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TABLE 1—HIV Epidemic, Treatment, and Disease Progression Inputs

Disease Progression Inputs

Size of Population; Proportion Transition Probability per Reduction in
HIV/AIDS Disease State Proportion Aware of HIV Infectiona Receiving HAARTb Target States Quarter Without HAARTc Transition With HAARTd

0. Uninfectede 250 × 106 . . . 1 0.00004 . . .

1. Asymptomatic, CD4 > 500 167 000; 0.40 0.047 2 0.0200 0.91

3 0.0100 0.91

4 0.0020 0.91

5 0.0005 0.91

6 0.0018 0.84

2. Asymptomatic, CD4 = 201–500 167 000; 0.40 0.096 3 0.0400 0.90

4 0.0050 0.90

5 0.0030 0.90

6 0.0027 0.82

3. Symptomatic, pre-AIDS 167 000; 0.75 0.18 4 0.0600 0.87

5 0.0200 0.87

6 0.0030 0.79

4. AIDS, 1993 definitionf 150 000; 0.85 0.48 5 0.0300 0.54

6 0.0120 0.70

5. AIDS, 1987 definition 100 000; 1.0 0.79 6 0.0470 0.67

6. Death 0; . . . . . . . . . . . . . . .

Note. HAART = highly active antiretroviral therapy.
aSources. Karon and Rosenberg7; Holmberg21; Rosenberg22; HIV/AIDS Surveillance Report23; Sweeney et al.24

bProportion receiving HAART is for all those who are HIV infected; the denominator includes those unaware of infection or not in care. The total is 200 000. Ellipses indicate data that were not
applicable. Sources. Palella et al.4; Gruta et al.8; Moorman et al.25

cTransition probabilities without HAART assume current mix of non-HAART use; see text. Sources. Cohort studies,26–55 adjusted for current mono- and dual-antiretroviral use.4
dReductions in transition with HAART reflect clinical trials2–4,56–74; differences within pre-AIDS stages and within AIDS stages reflect a different mix of non-HAART antiretroviral therapy.4
eStage 0 transition yields HIV incidence in the United States of 40 000 per year.
fStage 4 (AIDS by the 1993 definition) excludes AIDS by the 1987 definition and includes CD4 ≤ 200. The model includes a stage “4 incident” to which prior states progress, to adjust for the use of
prevalent cohorts to calibrate progression from stage 4. The progression rate from 4 incident to 4 is 0.1200 per quarter, and the decrease with HAART is 0.54.

TABLE 2—Distribution of Medication Payer for Each HIV Disease State

Medication Payera

Disease State Medicaidb Private ADAP Safety Net None

1 0.220 0.405 0.045 0.035 0.295

2 0.240 0.400 0.045 0.050 0.265

3 0.270 0.360 0.060 0.080 0.230

4 0.350 0.265 0.135 0.120 0.130

5 0.440 0.250 0.175 0.060 0.075

Note. ADAP = AIDS Drug Assistance Program.
Source. Data from the HIV Costs and Service Utilization Study (J. Fleishman, PhD, written communication, November 18,
1997); the National Alliance of State and Territorial AIDS Directors/AIDS Drug Assistance Program (J. Kelly, written
communication, June 3, 1998); and Foster et al.75

aEach row totals to 1.0.
bThe Medicaid category excludes those with inadequate medication coverage; these individuals appear in other columns.

for antiretroviral medications, having no
means to pay for medications, or relying on
safety net programs; and (3) earn less than
$10000 per year (124% of the federal pov-
erty level for a single person).83

We estimated enrollment as follows. Clini-
cal eligibility was assumed to be 100% dur-
ing AIDS and 77% pre-AIDS.26,84,85 Inade-
quate medical insurance (ADAP, safety net,
or none) was 31% to 39% by HIV stage

(Table 2). We assumed no decrease in pri-
vate insurance (“crowd-out”) as a result of
the expansion. Income eligibility was 55% to
57%, derived from data on income distribu-
tion by payer (J. Fleishman, written commu-
nication, November 18, 1997; J. Kelly, writ-
ten communication, June 3, 1998) extended
to distribution by disease stage. Among eligi-
ble individuals, enrollment varied by HIV
stage (asymptomatic 60%, symptomatic
75%, and clinical AIDS 20% because these
individuals failed to exercise disability-asso-
ciated Medicaid eligibility), informed by ex-
perience from non-HIV insurance pro-
grams86,87 (also C.B. Livingston, written
communication, October, 1998). We as-
sumed highly active antiretroviral therapy
use by 90% of the expansion enrollees. 

We modeled 2 benefit packages. The
“full” benefit package covered all Medicaid
inpatient, outpatient, and home health
services and medications. The “limited”
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TABLE 3—Health Outcomes (New AIDS Diagnoses, Deaths, and Life-Years) and Fiscal Outcomes 
for the Current Insurance Mix, With the Medicaid HIV Eligibility Expansion Implemented, and 
the Difference, by Year

Year 1 Year 2 Year 3 Year 4 Year 5 Total 5 Years Total 10 Years

New AIDS diagnoses

Current insurance mix 49 745 44 535 40 451 37 294 34 893 206 918 355 351

Medicaid expansion 46 313 41 599 37 912 35 070 32 916 193 810 334 844

Difference –3432 –2935 –2539 –2225 –1978 –13 108 –20 507

Deaths

Current insurance mix 18 209 18 872 19 659 20 479 21 280 98 497 208 892

Medicaid expansion 17 763 18 390 19 134 19 909 20 665 95 862 202 798

Difference –446 –481 –524 –570 –615 –2635 –6094

Life-years

Current insurance mix 758 215 779 768 800 595 820 611 839 806 3 998 995 8 460 145

Medicaid expansion 758 380 780 390 801 715 822 272 842 053 4 004 811 8 487 464

Difference 165 623 1120 1661 2248 5816 27 319

Federal spending, $ billion

Current insurance mix 4.15 4.58 4.94 5.26 5.53 24.46 55.39

Full benefit 4.36 4.76 5.09 5.37 5.62 25.20 56.14

Difference 0.21 0.18 0.15 0.11 0.09 0.74 0.75

Limited benefit 4.31 4.71 5.04 5.32 5.56 24.94 55.55

Difference 0.16 0.13 0.10 0.06 0.03 0.48 0.16

Medicaid benefit package covered only out-
patient services (including mental health
and substance abuse counseling covered
under Medicaid) and medications. We as-
sumed equal rates of enrollment, use of
highly active antiretroviral therapy, and
slowing of disease progression for the 2
packages.

RESULTS

Eligibility Expansion Enrollees
The model predicted that initially

38 000 persons would be enrolled in the
expansion. Forty-five percent (17 200)
would have had no prior access to highly
active antiretroviral therapy (no medication
payer); the remainder (20 800) would have
had limited access via ADAP and other
safety net payers. The expansion enrollees
would have annual incomes distributed
across 3 categories ($0: 11%; $1–$5000:
45%; and $5001–$10 000: 44%). Most en-
rollees (70%) would be pre-AIDS, with
60% symptomatic and 10% asymptomatic;
30% would have AIDS. Enrollment in the
expansion is projected to increase to
51 000 at the end of 5 years. This growth

reflects both new enrollment (because of in-
creasing HIV prevalence and also severity—
persons with early HIV disease sicken and
thus are more likely to be eligible and en-
roll) and high program retention (stabiliza-
tion of HIV disease with highly active anti-
retroviral therapy prevents progression to
Medicaid-qualifying disability).

Health Outcomes
The projected health outcomes are pre-

sented in Table 3. The model predicts
49745 new AIDS diagnoses in the first year
in the absence of an eligibility expansion
and 46313 with expanded Medicaid access.
New AIDS diagnoses would decline in sub-
sequent years for both scenarios as the pre-
AIDS population decreases: individuals who
develop AIDS or die are incompletely re-
placed by people with very early HIV dis-
ease or new infection. The Medicaid HIV ex-
pansion would lead to a decrease of 13108
in the total number of new AIDS diagnoses
over 5 years. The annual difference would
decrease (from 3432 in year 1 to 1978 in
year 5) because slowed disease progression
with more highly active antiretroviral ther-
apy use would increase the number of indi-

viduals at risk for progressing to AIDS com-
pared with the current insurance mix. With
the analysis extended to 10 years, the esti-
mated total decrease in new AIDS diagnoses
is 20507.

The model predicts about 18 200 deaths
per year. For both current insurance and
the expansion, total deaths per year would
rise slightly over 5 years. In the first year,
about 450 deaths would be averted by im-
plementing the expansion; over 5 years,
more than 2600 deaths would be averted.
For 10 years, the estimated total decrease
in deaths is 6094.

Life-years for all individuals who are HIV
infected are estimated to total 3.999 million
over 5 years with current insurance and
4.005 million with the eligibility expansion.
The annual amount rises slowly, because
slightly fewer people die than are newly in-
fected. The increase in life-years associated
with implementing the expansion would be
only 165 in the first year, because many of
the 446 deaths would be averted late in the
year (the model portrays the year in quar-
ters). The annual difference in life-years
would grow with the increase in cumulative
deaths averted, reaching 2248 in year 5.
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The total difference in life-years would be
5816 over the 5 years of the analysis. Over
10 years, the estimated total difference in
life-years is 27319.

Fiscal Outcomes
Expected federal costs. The model predicts

that total federal spending on HIV/AIDS in
the 5 programs we model will be $24.5 bil-
lion over 5 years without an eligibility expan-
sion (Table 3). This includes $10 billion for
Medicaid, $6 billion for Medicare, and
smaller amounts for ADAP, Supplemental Se-
curity Income, and Social Security Disability
Insurance.

With an eligibility expansion, the “full”
Medicaid benefit package would have a net
federal cost to the 5 programs of $739 mil-
lion over 5 years. Net Medicaid-only spend-
ing would increase by $1.43 billion. Spend-
ing would decrease for all other programs:
ADAP by $410 million (because some indi-
viduals shift from ADAP to Medicaid),
Medicare by $100 million, and Supplemen-
tal Security Income and Social Security Dis-
ability Insurance by $180 million (both be-
cause of slowing of disease progression).
The “limited” Medicaid benefit package
would have a net federal cost of $480 mil-
lion. As with the full benefit package, net
Medicaid-only spending would increase
sharply ($1.17 billion) over 5 years, par-
tially offset by decreases in other programs.
Extended to a 10-year time frame, the lim-
ited benefit would have a net cost of $166
million, as savings in Medicaid and other
programs resulting from slowed disease pro-
gression accumulate more rapidly than do
costs. The full benefit would have a net cost
of $750 million over 10 years, similar to re-
sults for 5 years.

Federal cost neutrality. There are multiple
potential strategies to reduce costs and thus
move toward federal cost neutrality for the 5
programs and for Medicaid alone. In this sec-
tion, we discuss strategies that require
changes in existing Medicaid practice: dis-
counts for HIV drugs and payment of private
health insurance premiums. Under sensitivity
analyses, we examine how the design of the
expansion itself may facilitate budget neutral-
ity (e.g., with stricter clinical or income eligi-
bility criteria).

For both benefit package options, budget
neutrality can be achieved with an additional
reduction in drug prices paid by Medicaid
for beneficiaries who are HIV infected (re-
gardless of eligibility category). For the 5 fed-
eral programs, a 14.5% reduction in drug
prices generates zero net costs with the full
benefit package, and a 9.4% reduction yields
zero net costs with limited benefits. Medic-
aid-only budget neutrality can be reached
with HIV drug price reductions of 28% and
23%, respectively.

Budget neutrality also might be reached if
a significant portion of HIV-related medical
care under the expansion were obtained
through the purchase of community-rated
health insurance (i.e., by paying premiums for
COBRA [Consolidated Omnibus Budget Rec-
onciliation Act] to continue employment-
based health coverage or for state high-risk
pools). For example, the full benefit package
would be budget neutral for the 5 federal
programs if 45% of all expansion participants,
spread across disease states, received care via
the payment of annual premiums of $2400
instead of actual medical costs. The limited
benefit would require 36% participation in
such a program to achieve budget neutrality.
The corresponding COBRA or insurance pur-
chasing participation rate for Medicaid-only
neutrality is high: 87% for the full or limited
benefit package.

Because cost neutrality is very sensitive to
drug price reductions, we estimated the net
revenue effect of an expansion accompanied
by HIV drug price reductions adequate for
budget neutrality. We assumed that increases
in drug use are reflected in sales volume. We
estimated that a 9.4% reduction in price (re-
quired to achieve budget neutrality with the
limited benefit package for the 5-program
analysis) would result in a drug revenue de-
crease of about $25 million over 5 years.
This means that the proportionate increase in
sales volume almost equals the proportionate
reduction in price. If the drug price reduction
strategy is combined with limited payment of
private insurance premiums, then net drug
revenues increase: with 10% participation in
COBRA or risk pools, the required drug price
reduction for budget neutrality is 6.8%, and
net drug revenues rise by $229 million over
5 years.

With the full benefit package, the 14.5%
reduction required to achieve budget neutral-
ity leads to a decrease in drug revenues of
about $514 million. COBRA or risk pool par-
ticipation of 17% or higher results in a net
drug revenue increase; at 20%, the increase
is $108 million. For the Medicaid-only analy-
sis, drug revenues decrease by $1.8 billion
and $1.3 billion for the full and limited bene-
fit packages, respectively, if neutrality is based
solely on lower drug prices. COBRA or risk
pool participation rates of 58% and 52%, re-
spectively, keep drug revenues stable.

Sensitivity Analyses
Selected sensitivity analyses for fiscal effect

on the 5 federal programs analysis are pre-
sented in Table 4, organized by category of
model input. For each input, we defined a
plausible range of values and then reported
the net costs associated with this range for
the limited and full benefit packages. We re-
port results only for inputs with uncertainty
that affects predicted net federal fiscal costs
by $150 million or more (full sensitivity
analyses are available from the authors).

The inputs that most affected predicted net
costs for the 5 programs were awareness of
serostatus (range in net costs=$200–$300
million), efficacy of highly active antiretroviral
therapy (range=about $300 million), costs of
highly active antiretroviral therapy (range=
about $350 million), percentage with no
medication insurance (range=about $200
million), expansion participation rate (range=
$400–$600 million), exclusion of individuals
with AIDS (range=$350–$500 million), and
likelihood of meeting income rules and inclu-
sion of the $10000 to $17000 income group
(range=$200–$300 million).

Of note, several inputs made relatively little
difference in predicted net costs. These in-
clude population characteristics and the mix
of medication payers (range=$25–$150 mil-
lion) and rate of progression to death (range=
$20 million) (not reported in Table 4). Also,
there was only moderate sensitivity to the
overall cost of HIV/AIDS medical care (ex-
cluding medications) within the limited bene-
fit analysis (range=$120 million, Table 4).
This is because higher nonmedication health
care costs have counteracting effects: they in-
crease the cost for expansion enrollees but
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TABLE 4—Selected Sensitivity Analysesa: Expected 5-Year Net Federal Costs for Range in
Values of Key Model Inputs

Net Cost Over 5 Years, $ Million

Range in Input Valueb Limited Benefit Package Full Benefit Package

Base case . . . 480 739

Population characteristics

Distribution between pre-AIDS and AIDS: 0.8–1.2 535–407c 812–648c

proportion in pre-AIDS disease states

Awareness of serostatus overall 0.8–1.2 375–574 579–873

Clinical factors

Rate of disease progression overall 0.8–1.2 567–394c 819–659c

Rate of progression to AIDS 0.8–1.2 577–389c 831–652c

HAART efficacy overall 0.5–1.2d 698–397c 939–664c

HAART efficacy symptomatic pre-AIDS 0.5–1.2 697–398c 947–661c

Costs of HIV/AIDS medical care

Cost of HAART 0.8–1.2 300–659 559–918

Cost of HIV medical care, excluding drugs 0.6–1.4 418–541 574–904

Insurance mix

% With no medication payer 0.6–1.4 383–574 619–857

Eligibility expansion

Participation rate 0.4–1.3 198–592 303–914

Exclusion of AIDS . . . 137 264

Inclusion of $10 000–$17 000 income group . . . 668 1036

Note. HAART = highly active antiretroviral therapy. Ellipses indicate that no input range is needed—as is standard for the base
case and for sensitivity analyses that are categoric rather than quantitative (e.g., complete exclusion of a category of patients).
aResults are reported only for inputs with uncertainty that affects predicted net federal fiscal costs by $150 million or more;
full sensitivity analyses are available from the authors.
bValues indicate proportion of base case.
cInverse relation between input and outcome values; i.e., higher input value yields lower net cost.
dBecause maximum HAART efficacy is 100%, high base case estimates of efficacy (e.g., 90%) were increased by <20% for the
scenario assessing 1.2 times base case.

also increase Medicaid and other program
savings.

We also conducted sensitivity analyses for
Medicaid-only net costs. The inputs that most
affected predicted net costs were awareness
of serostatus (range in net costs=$500–$600
million), the cost of highly active antiretroviral
therapy (range=$350 million), the cost of
other medical care (range=$200–$400 mil-
lion), the expansion participation rate (range=
$1–$1.2 billion), the likelihood of meeting in-
come rules (range=$300–$400 million), in-
clusion of the $10000 to $17000 income
group (range=$400–$600 million), and ex-
clusion of individuals with AIDS (range=
$500–$700 million). Medicaid net cost was
relatively unaffected by highly active anti-
retroviral therapy efficacy because savings to
Supplemental Security Income, Social Secu-

rity Disability Insurance, and Medicare were
not counted. 

We performed a sensitivity analysis to rep-
resent use of multiple-drug “salvage” anti-
retroviral therapy for a small portion of those
receiving highly active antiretroviral therapy.
Salvage therapy, commonly defined as 4 to 6
or more antiretroviral drugs, is used when 3-
drug highly active antiretroviral therapy fails
clinically or virologically.88 We assumed that
5% of all individuals receiving highly active
antiretroviral therapy would receive 6 drugs,
at twice the cost of 3-drug highly active anti-
retroviral therapy, and that efficacy with
highly active antiretroviral therapy would in-
crease by the same absolute 5%. We found
that clinical benefits rose almost 10% (e.g.,
AIDS diagnoses prevented increase from
13100 to 14260). Five-program net federal

costs rose slightly (for the full benefit, from
$739 to $759 million; for the limited benefit,
from $480 to $498 million). Medicaid-only
net costs also rose slightly (for the full benefit,
from $1.43 to $1.47 billion; for the limited
benefit, from $1.17 to $1.22 billion).

DISCUSSION

This analysis suggests that substantial
health benefits are likely to accrue from ex-
panding access to antiretroviral treatment,
such as a hypothetical change in Medicaid eli-
gibility modeled here. We estimated that if
38000 persons with HIV had expanded ac-
cess to highly active antiretroviral therapy, it
would result in a decrease over 5 years of
more than 13000 new AIDS diagnoses and
2600 deaths, leading to an increase of more
than 5800 years of life. The net federal cost
of the expansion was estimated at $96 to
$148 million per year over 5 years, when
Medicaid and 4 other federal health and in-
come support programs were considered.
This cost could be offset by 9% to 15% de-
creases in the prices of HIV drugs for Medic-
aid and other cost-saving strategies. The net
federal cost of the expansion for Medicaid
alone was estimated at $234 to $286 million
per year (0.1% of total federal Medicaid
spending and 23%–29% of HIV spending).

The results of the analysis were particu-
larly sensitive to the size of the eligible popu-
lation (e.g., to the number of people who
knew they were infected and who met eligi-
bility criteria) and to the likelihood that eligi-
ble individuals enroll. The results were also
quite sensitive to the cost and, for some
analyses, efficacy of antiretroviral therapy
with protease inhibitors.

Our results are consistent with published
cost-effectiveness analyses of highly active
antiretroviral therapy. These analyses sug-
gested costs per quality-adjusted life-years of
about $15000 for therapy initiated earlier
in the course of HIV disease.89–91 When we
used our model to evaluate highly active an-
tiretroviral therapy rather than the Medicaid
expansion, we estimated the cost per life-
year gained at $11000. To perform this cal-
culation, we used the 10-year time frame
(most life-years are gained after 5 years), as-
sumed that all expansion enrollees lacked
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prior access to highly active antiretroviral
therapy (in the reported analysis, some ob-
tained highly active antiretroviral therapy
through programs such as ADAP), limited in-
tervention costs to antiretroviral drugs and
incremental outpatient care, and tracked all
medical costs regardless of payer. In contrast,
in the Medicaid expansion analysis, the fed-
eral cost per added year of life was generally
higher (up to $120000) and was very sensi-
tive to the particular programs tracked. The
higher calculated cost per life-year reflects
the shorter time frame, prior use of highly
active antiretroviral therapy by many en-
rollees, and nondrug expansion costs such as
inpatient care.

This study has several important limita-
tions. Perhaps foremost, some input data had
a weak empirical basis. We conducted exten-
sive sensitivity analyses, and it was reassuring
that many factors appeared to have little ef-
fect on results within plausible uncertainty
ranges.

Second, we did not model the clinical ben-
efits of being in regular medical care other
than that associated with highly active anti-
retroviral therapy (e.g., prophylaxis against op-
portunistic infections). This is a conservative
bias because such effects would increase
health benefits and decrease costs.

Third, we did not model changes in the
value of key inputs over time. For example,
we assumed that long-term clinical efficacy of
highly active antiretroviral therapy was equal
to initial efficacy. Another example is the cost
of highly active antiretroviral medications,
which may decrease as competition increases
and pharmaceutical companies recoup devel-
opment costs or may increase with the avail-
ability of new agents.

Fourth, we did not portray HIV infections
averted by the suppression of infectivity by
highly active antiretroviral therapy, a phe-
nomenon suggested by sharply lowered viral
loads but as yet unconfirmed.

Fifth, we did not include possible savings in
outpatient management of opportunistic infec-
tions (i.e., highly active antiretroviral therapy
lowering the need for chronic therapy),92 al-
though we did assume lower inpatient use for
opportunistic infections. We also did not
model the costs of monitoring of CD4 cell
count and viral load to determine who is eli-

gible for this program. This annual cost of
several hundred dollars per person ineligible
for the expansion likely would be funded
through non-Medicaid mechanisms, such as
local health budgets.

Sixth, we modeled 250 000 persons with
AIDS in 1998. An updated value of 300000
would raise net costs, because care for en-
rollees with AIDS is more expensive. Fi-
nally, we modeled expansion eligibility
based on now-outdated clinical guidelines
recommending antiretroviral therapy at a
CD4 count less than 500/mm3. Using the
guidelines revision from early 2001 (in-
cluding CD4 < 350/mm3), our model esti-
mated net 5-year federal costs of $581 mil-
lion (21% lower than our base case) and
added life-years of 5252 (8% lower).

Our analysis differed in 2 ways from the
current federal approach to Medicaid eligibil-
ity expansions. First, we examined 5 federal
programs. Under current policy, proposed eli-
gibility expansions are evaluated from the fis-
cal perspective of Medicaid alone. We took
this academic license to consider medical and
income support programs that we thought
reasonable to include in an accounting of fed-
eral budget effects. Even so, our analysis may
be conservative because we omitted eco-
nomic effects such as increases in tax rev-
enues resulting from delayed disability. If
each averted case of AIDS disability adds 2
years of productivity, federal revenues rise
considerably. Second, the limited benefit
package is a departure from traditional Med-
icaid expansions and waivers. There may be
policy concerns about the feasibility and fair-
ness of partial benefits and hence a reluc-
tance to broadly pursue this strategy.

Another issue is that we portrayed a na-
tional Medicaid expansion. Although there
have been congressional bills proposing ex-
pansion (in 2000, H.R. 1591 and S. 902),
federal policy change is far from assured. Ex-
pansion in the near term is more likely to be
initiated by state waiver proposals to the Cen-
ters for Medicare and Medicaid Services.
Maine, Massachusetts, and the District of Co-
lumbia recently received such waivers. State-
level analyses of health and fiscal effects must
reflect local conditions such as epidemic size,
use of highly active antiretroviral therapy,
Medicaid eligibility and benefits, other pro-

grams to support highly active antiretroviral
therapy access, and the specific expansion
features. A state-level analysis also could ex-
amine fiscal effects for state and local payers.
Depending on the federal match, state Medic-
aid costs might be similar to federal costs, but
state and local savings could be substantially
enhanced by reduced indigent care costs.

Techniques to reach federal budget neutral-
ity will have important fiscal consequences
for key actors in HIV care. For example,
using Medicaid funds to purchase private in-
surance translates to private insurers and sub-
scribers subsidizing HIV care. This subsidy
could conceivably destabilize small or mar-
ginal risk pools. Reductions in payments for
inpatient or outpatient care would decrease
income to Medicaid providers, who are
mostly public and already underfunded. This
could threaten their viability and reduce
access for Medicaid enrollees. Drug price re-
ductions would decrease revenues to drug
companies, as we quantified. However, the
decision by Glaxo Wellcome to lower the de-
veloping world price of zidovudine by 75%93

suggests that moderate drug price reductions
to facilitate reaching resource-poor popula-
tions may be possible. There is also a history
of discounts for US public sector health pro-
grams, including Medicaid drug pricing and
larger discounts on drugs and vaccines for the
US Public Health Service. The Medicaid HIV
expansion waiver for Maine is based on the
receipt of a drug price discount for waiver
participants.

Another complicated sphere is the interac-
tion of Medicaid and private insurance. In a
phenomenon known as crowd-out, some indi-
viduals with private insurance (or their em-
ployers) take advantage of broadened public
insurance eligibility, increasing public costs
without increasing coverage. Crowd-out is a
less serious problem with the limited benefit
and may be minimized by excluding individu-
als with private coverage in the prior 90
days. A related issue is identifying when pub-
lic funding is required to pay individual
COBRA premiums, perhaps necessitating spe-
cial financial eligibility evaluations.

Despite the challenges of implementing a
Medicaid HIV expansion, we believe it is an
important strategy for improving access to
highly active antiretroviral therapy. It elimi-
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nates the current eligibility catch-22 faced by
many people living with HIV. With current
US health care financing, multiple measures
must be undertaken to fill gaps in coverage.
This is especially true for HIV disease, which
disproportionately affects poorer populations,
causes impoverishment through disability,
and is expensive to treat. A Medicaid eligibil-
ity expansion for persons with HIV infection
could be one key part of increasing access to
lifesaving care.
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