
Examination of Inequalities in HIV/AIDS Mortality
in the United States From a Fundamental
Cause Perspective
Marcie S. Rubin, MPH, MPA, Cynthia G. Colen, PhD, and Bruce G. Link, PhD

As evidenced by the goals explicitly stated in
Healthy People 2010, the sizeable and persistent
health disparities in the United States are an
area of tremendous concern.1 In 2005, all-cause
age-adjusted mortality among persons aged 25
to 64 years with fewer than 12 years of educa-
tion was 215% higher than it was among those
in the same age group with 13 or more years
of education.2 In 2005, all-cause age-adjusted
mortality rates of Blacks in the United States
exceeded those of Whites by 29%.2 In the
context of these broader disparities, HIV/AIDS
disproportionately affects disadvantaged indi-
viduals and racial minorities. In 2005, the age-
adjusted HIV/AIDS mortality rate per 100000
population was 782% greater among Blacks
(19.4) than it was among Whites (2.2).3

As defined by Braveman, a health inequality
or disparity is a

difference in which disadvantaged social groups—
such as the poor, racial/ethnic minorities,
women, or other groups who have persistently
experienced social disadvantage or discrimina-
tion—systematically experience worse health or
greater health risks than more advantaged social
groups.4(p167)

Identifying health inequalities and under-
standing their root causes are essential pre-
requisites for eliminating disproportionate
disease burdens and achieving health equity
across disparate groups. Although the presence
of health inequalities across socioeconomic
status (SES) and racial/ethnic divisions in the
United States is widely acknowledged, further
research is needed to identify ways to prevent
their occurrence and ameliorate them once
entrenched.3

We examined the extent to which SES and
racial inequalities in HIV/AIDS mortality in the
United States have emerged over time and
explore the fundamental cause hypothesis as
a contributing explanation for such trends.5

The fundamental social causes theory was

developed to explain why social conditions like
SES are so reliably associated with mortality
across time and place. The association was
present in Mulhouse, France, in the early 1800s;
Rhode Island in 1865; Chicago, Illinois, in the
1930s; and it occurs in Europe and the United
States today.6–10 Given the vast differences in life
expectancy, risk factors, diseases, and health care
systems characterizing these places and times,
the persistence of the SES–mortality association
is remarkable. According to fundamental
cause theory, mortality follows the SES gradient
in a predictable pattern under dissimilar cir-
cumstances because SES embodies access to
resources—knowledge, money, power, prestige,
and beneficial social connections—that can be
used in different places and at different times to
confer a significant health advantage. The flexi-
ble utility of these resources enables the SES–
mortality association to emerge in situations
with disparate health conditions. For a more

complete exposition of the conceptual approach,
see Phelan et al.11 and Link and Phelan.5

Fundamental social cause theory asserts
that as we learn more about how to prevent or
treat diseases, the benefits of this new knowl-
edge are not distributed equally throughout
the population but are harnessed more se-
curely by those who are less likely to be
exposed to discrimination and who have
greater access to knowledge, money, power,
prestige, and beneficial social connections.
This triggers the formation or exacerbation
of health inequalities along typical social
cleavages such as SES and race.5 Fundamental
social cause theory makes a specific prediction
about social inequalities in HIV/AIDS mortality
before and after the development and dissemi-
nation of highly active antiretroviral therapy
(HAART). SES-related resources and racial
discrimination are likely to be important at
multiple stages in the procurement of life-saving
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antiretroviral medications. Examples of mecha-
nisms through which SES and race may affect
HIV/AIDS mortality are knowing about treat-
ment, living near a location where treatment is
provided, having access to health care, receiving
the correct diagnosis and optimal treatment upon
consulting medical professionals, gaining sup-
port to follow through with treatment, and being
encouraged by medical teams that interact with
people of lower social status equitably and
respectfully.

We examined SES and racial inequalities in
HIV/AIDS mortality in light of major advances
in the capacity to delay death, primarily be-
cause of the introduction of HAART following
the approval of protease inhibitors by the US
Food and Drug Administration in December
199512 and March1996.13,14 Use of HAART has
specifically been linked to declines in morbidity
and mortality among persons with HIV/AIDS.15

The fundamental cause hypothesis suggests that
these improvements, although they benefit all
groups, will benefit persons of high SES and
Whites more than they will persons of low SES
and Blacks, thereby creating or exacerbating
health inequalities over time.

To test the fundamental cause hypothesis, we
analyzed trends in county-level HIV/AIDS-
specific mortality rates among Black men, White
men, Black women, and White women over
a 20-year period before, during, and after the
introduction of HAART from late1995 through
early 1996. We hypothesized that (1) the asso-
ciation between time and HIV/AIDS mortality
would be nonlinear, rising before the introduc-
tion of HAART and dropping precipitously after
its introduction; (2) the association between
SES and HIV/AIDS mortality would be signifi-
cantly greater during the peri- and post-HAART
periods than during the pre-HAART period;
and (3) the association between race and HIV/
AIDS mortality would be significantly greater
during the peri- and post-HAART periods than
during the pre-HAART period.

METHODS

We relied on data from compressed mor-
tality files, obtained from the National Center
for Health Statistics, to calculate HIV/AIDS
mortality rates.16 We determined age-, gender-,
and race-specific death rates for US counties for
the period 1987 through 2005. We calculated

mortality rates by dividing the number of in-
dividuals who died from HIV/AIDS in county i
and year j by the corresponding population in
county i and year j. International Classification of
Disease, Ninth Revision17 category codes 042–
044 and International Classification of Disease,
10th Revision18 category codes B20–B24 were
used to identify HIV/AIDS deaths during the
study period. We included data from 99% of
counties in our analyses, excluding a few coun-
ties with boundary changes during the study
period, to create population-based estimates of
HIV/AIDS mortality in the United States over
time.

We constructed county-level measures of
SES with data from the 1980, 1990, and 2000
decennial censuses using the National Historic
Geographic Information System.19 We created
a 5-item index incorporating key dimensions of
SES (education, occupation, income, and pov-
erty) that remained consistent in their definitions
across 3 decennial censuses to capture the SES
conditions of county i in year j. The 5 index
variables were (1) the proportion of persons aged
25 years or older with fewer than 9 years of
education, (2) the proportion of persons aged 25
years or older with at least12 years of education,
(3) the proportion of persons aged 16 years or
older currently employed in a white collar
occupation, (4) the proportion of families at or
above the federally defined poverty level, and (5)
the proportion of households with access to
a telephone. We standardized each individual
variable within year and then summed to create
a composite SES index for county i and year j.
We employed linear interpolation to calculate
county- and year-specific values of the SES index
for intercensal years. Factor analysis revealed
a 5-variable, single-factor solution defining
a highly reliable (Cronbach a=0.89) index. To
maximize ease of interpretation, we standardized
the composite SES index across all counties
and years. Because SES is measured as a contin-
uous variable, our analyses indicate the effect of
a 1 SD change in SES.

We also focused on race as an independent
variable. To maximize definitional consistency in
light of fluctuations in reporting race on death
certificates both by states and over time, we
analyzed HIV/AIDS deaths attributable to either
Blacks or Whites within county i during year j.

We controlled for additional characteristics,
including gender (0=male, 1=female), age

category (15–24, 25–34, 35–44, 45–54, and
55–64 years), and degree of urbanicity, defined
as the proportion of persons within county i who
reside in urban rather than rural areas.

Individual sociodemographic strata identified
by county of residence, race of decedent, gender
of decedent, and age at time of death were the
units of analysis in this study. Because we sought
to analyze count data, we could have relied on
Poisson or negative binomial regression strate-
gies. Because of small numbers of cases and the
likelihood of zero deaths in some strata, over-
dispersion, a condition where the variance is
greater than the mean, presented a problem for
the Poisson approach. Under such circum-
stances, estimates are inefficient and SEs are
biased downward.20,21 Therefore, we used the
negative binomial model in analyses, as it in-
cludes an additional parameter that accounts for
the possibility that the conditional variance of y
will exceed its conditional mean.22 We assumed
that the number of deaths followed a negative
binomial distribution :

ð1Þ Prðyi j xi ;dÞ ¼
expð�liÞðliÞyi

yi !

¼ expð�lidiÞðlidiÞyi

yi !

for yi ¼ 0;1;2;::::

where y equals a random variable repre-
senting number of times the even occurred
during the time period, l equals a random
variable capturing mean birth rate and un-
observed heterogeneity (e), and d equals
exponential function e (ei).

The death rate (l) depends on a vector
of sociodemographic characteristics (x)
shared by individuals within each cell, such
that ~l ¼ expðxb1eÞ. This strategy allowed us to
control SES in the assessment of race effects and
race in the assessment of SES effects. We used
the maximum likelihood method of estimation
to determine the value of the coefficients (B). To
account for heteroskedasticity and the nonin-
dependence of error terms, we calculated robust
SEs using the Huber–White correction method
and clustered them by county.

To test the hypotheses, we identified 3
periods: the pre-HAART period (1987
through 1994), the peri-HAART period (1995
through 1998), and the post-HAART period
(1999 through 2005). We used interaction
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terms to estimate fluctuations in HIV/AIDS
mortality across distinct subsets of our study
population. Because sensitivity analyses, in
which either the composite SES measure was
lagged by 1, 2, 3, or 5 years or the study
population was limited to states with a sizeable
Black population, did not qualitatively change
our findings, we present results using the
unlagged SES index and include almost all
countries.

We conducted all analyses using Stata SE
version 10 (StataCorp, College Station, TX) at
the county level to examine how HIV/AIDS
mortality changed over time by SES and by
race and whether these temporal patternings
were consistent with predictions under the
fundamental cause hypothesis. Aggregate
measures of mortality, as opposed to individual
probabilities of death, provided several analytic
strengths to the current study. First, because
HIV/AIDS mortality is concentrated within
certain geographic locations, a nationally rep-
resentative sample of individuals would not
have provided a sizeable population at risk.
Second, the investigation of aggregate mortality
patterns has a fruitful history in such disciplines
as epidemiology, demography, sociology, and
economics. Much has been and can be gleaned
from studies conducted on an aggregate level,
provided mechanisms are not assumed to
operate similarly on an individual level. Bias in
estimation becomes a problem primarily
when aggregate measures of predictors, such as
SES, are assumed to be a proxy for individual-
level characteristics.23,24 Third, counties are
small enough geographic units to ensure that
a sizeable proportion of residents encounter
similar demographic conditions and health
risks, yet are large enough that an adequate
number of HIV/AIDS deaths are available for
detailed analysis. Lastly, unlike census tracts or
block groups, county boundaries do not
change sizably over time, ensuring that geo-
graphic units remain consistent throughout
the study period, a concern in longitudinal
analyses.

RESULTS

Figure 1 illustrates changes in HIV/AIDS
mortality during 1987–2005 for Whites and
Blacks aged15 to 64 years. Consistent with our
first hypothesis, there is a strong curvilinear

relationship between HIV/AIDS mortality rate
and time. For both Whites and Blacks of all age
groups, HIV/AIDS death rates increased from
1987 to 1995, declined precipitously begin-
ning in 1996, consistent with the introduction
of HAART, and started to plateau around
1998. Negative binomial regression models
predicting HIV/AIDS mortality using both
a year and year-squared term provide addi-
tional support for this curvilinear association
(results not shown). Figure 1 also demonstrates
that the death rates were substantially higher
among Blacks than they were among Whites.
Moreover, the decline in mortality rate follow-
ing the introduction of HAART was more
precipitous among Whites than it was among
Blacks (Figure 1).

Table 1 presents incidence rate ratios (IRRs)
and 95% confidence intervals (CIs) from 4
negative binomial regression models predicting
HIV/AIDS mortality rates during 1987–2005.
Results from model 1 demonstrate that there
were significantly fewer HIV/AIDS deaths in
the peri- and post-HAART periods than there
were in the pre-HAART period, after adjusting
for gender, age, and urbanicity. Compared with
the pre-HAART period, mortality rates in the
peri- and post-HAART periods decreased by
7% and 61%, respectively. Furthermore, both
SES and race appear to be significant inde-
pendent predictors of HIV/AIDS mortality. A 1
SD increase in SES was associated with a 19%
reduction in HIV/AIDS deaths, and Blacks
exhibited mortality rates over 5 times those of

FIGURE 1—HIV/AIDS deaths per 100000 population among (a) Whites aged 15 to 64 years

and (b) Blacks aged 15 to 64 years, by age group and year: United States, 1987–2005.

RESEARCH AND PRACTICE

June 2009, Vol 100, No. 6 | American Journal of Public Health Rubin et al. | Peer Reviewed | Research and Practice | 1055



Whites. Thus, according to model 1, the net
effects of disadvantaged social statuses, such as
lower SES and being Black, placed an individ-
ual at a greater risk of dying from HIV/AIDS
throughout the study period.

In model 2, we tested our second hypothesis
by adding 2 interaction terms (peri-HAART
period·SES and post-HAART period·SES) to
model 1. Both interactions test the extent to
which the SES–HIV/AIDS mortality associa-
tion significantly differed in the period follow-
ing the widespread introduction of HAART
versus the period before it. Results from model
2 indicate that a 1 SD increase in SES was
associated with a 12% reduction in HIV/AIDS
deaths during the pre-HAART period com-
pared with 20% and 29% reductions during
the peri- and post-HAART periods, respec-
tively. Because the IRRs for both interaction
terms are significantly below 1.00, our findings
are consistent with our second hypothesis,
indicating that the SES–HIV/AIDS mortality
association became stronger following the in-
troduction of the innovative treatment
HAART.

Model 3 includes interaction terms (peri-
HAART period·Black and post-HAART

period·Black) to test our third hypothesis con-
cerning race and HIV/AIDS mortality in re-
lation to the introduction of HAART. As model
3 shows, being Black was associated with HIV/
AIDS mortality, and the significant interaction
terms indicate this strong association became
even stronger after HAART was the standard
of care. Model 3 demonstrates that compared
with early epidemic years, once HAART
became an established treatment for
HIV/AIDS, Black race was associated with
significantly greater risks of mortality than
was White race.

Model 4 includes multiplicative terms for
period and SES index and for period and race.
When race and SES interactions are simulta-
neously entered into the regression analysis,
IRRs for all 4 interaction terms remain sub-
stantially unchanged and statistically
significant (P<.05). Thus, our findings
remain robust across different model specifi-
cations, suggesting that the relationships be-
tween both SES and HIV/AIDS mortality
and race and HIV/AIDS mortality vary over
time.

To provide a clear depiction of our key
findings, we employed results from model 4

to generate Figure 2 and Figure 3. Figure 2
presents adjusted IRRs comparing HIV/AIDS
mortality in a low-SES county at the 95th
percentile of SES to a high-SES county at the
5th percentile in the pre-, peri-, and post-
HAART periods. During the pre-HAART pe-
riod, the risk of HIV/AIDS mortality was 1.4
times greater in a low-SES county than it was
in a high-SES county. However, in the peri-
and post-HAART periods, HIV/AIDS death
rates in a county at the 95th percentile of SES
were 1.9 and 2.7 times greater than were
those in a county at the 5th percentile of SES,
respectively. These results are consistent
with our second hypothesis, as the HIV/AIDS
mortality advantage associated with living in
a high- versus low-SES county was signifi-
cantly greater during the peri- and post-
HAART periods than it was during the pre-
HAART period.

Figure 3 presents adjusted IRRs comparing
HIV/AIDS mortality among Blacks and Whites
in the pre-, peri-, and post-HAART periods.
During the pre-HAART period, death rates
among Blacks were 3.7 times greater than were
those among Whites. However, in the peri- and
post-HAART periods, death rates among Blacks

TABLE 1—Incident Rate Ratios From Negative Binomial Regression Models Predicting HIV Mortality in an Examination

of HIV/AIDS Mortality Inequalities: United States, 1987–2005

Variable Model 1, IRR (95% CI) Model 2, IRR (95% CI) Model 3, IRR (95% CI) Model 4, IRR (95% CI)

County 0.99 (0.99, 0.99) 0.99 (0.99, 0.99) 0.99 (0.99, 0.99) 0.99 (0.99, 0.99)

Peri-HAART period (1995–1998) 0.93 (0.91, 0.95) 0.99 (0.96, 1.01) 0.83 (0.81, 0.85) 0.87 (0.85, 0.90)

Post-HAART period (1999–2005) 0.39 (0.37, 0.41) 0.43 (0.41, 0.46) 0.28 (0.27, 0.29) 0.31 (0.30, 0.33)

SES index 0.81 (0.74, 0.88) 0.88 (0.81, 0.96) 0.80 (0.74, 0.88) 0.87 (0.80, 0.95)

Black 5.23 (4.88, 5.62) 5.25 (4.89, 5.63) 3.77 (3.49, 4.06) 3.80 (3.52, 4.10)

Female 0.25 (0.24, 0.26) 0.25 (0.24, 0.26) 0.25 (0.24, 0.26) 0.25 (0.24, 0.26)

Age category, y

25–34 9.94 (9.55, 10.35) 9.96 (9.57, 10.38) 9.91 (9.52, 10.33) 9.93 (9.53, 10.35)

35–44 15.37 (14.63, 16.16) 15.42 (14.67, 16.21) 15.38 (14.63, 16.17) 15.42 (14.67, 16.22)

45–54 11.65 (11.02, 12.32) 11.69 (11.06, 12.36) 11.61 (10.98, 12.27) 11.64 (11.01, 12.31)

55–64 7.81 (7.44, 8.20) 7.83 (7.45, 8.22) 7.77 (7.40, 8.17) 7.79 (7.42, 8.19)

Urbanicity 6.42 (4.72, 8.74) 6.25 (4.61, 8.47) 6.56 (4.81, 8.95) 6.41 (4.72, 8.71)

Peri-HAART period · SES 0.91 (0.89, 0.93) 0.92 (0.90, 0.94)

Post-HAART period · SES 0.80 (0.77, 0.83) 0.82 (0.79, 0.85)

Peri-HAART period · Black 1.42 (1.36, 1.47) 1.40 (1.35, 1.46)

Post-HAART period · Black 2.21 (2.09, 2.35) 2.16 (2.04, 2.28)

Note. CI = confidence intervals; HAART = highly active antiretroviral therapy; IRR = incidence rate ratio; SES = socioeconomic status. All models adjusted for gender, age, and urbanicity.

RESEARCH AND PRACTICE

1056 | Research and Practice | Peer Reviewed | Rubin et al. American Journal of Public Health | June 2009, Vol 100, No. 6



were over 5 times and almost 8 times greater
than were those among Whites, respectively.
These findings support our third hypothesis that
once HAART is introduced, the risk of HIV/
AIDS mortality experienced by Blacks increases
relative to that experienced by Whites.

DISCUSSION

Although HIV/AIDS mortality rates de-
creased among all age and racial groups
studied once HAART became available in
1996, IRRs comparing Blacks with Whites
and people from low-SES counties to people

from high-SES counties actually increased
substantially. The SES–HIV/AIDS mortality
association, although present in the pre-
HAART period, was greater in the peri-
HAART period and greater still in the post-
HAART period, even when race and other
factors were controlled. Similarly, compared
with the pre-HAART period, the association
between race and mortality became stronger
in the peri-HART period and even stronger in
the post-HAART period with SES and other
factors controlled.

These findings are consistent with funda-
mental cause theory, which holds that when

innovations render a disease more treatable,
the benefits of such developments are not
evenly distributed. Rather, those less likely to
face prejudice and discrimination and those
with greater access to resources such as
knowledge, money, power, prestige, and bene-
ficial social connections will disproportionately
profit from the new treatment. It follows that
this disparate capacity to harness the advan-
tages of an innovation can lead to the creation
or intensification of health inequalities along
established lines of social disadvantage such
as SES and race. This is precisely the pattern
our results support. During the pre-HAART
period, higher SES and White race were each
associated with some advantages in HIV/
AIDS mortality. However, once HAART, a life-
prolonging medical development, became
available, we saw significant exacerbations of
inequalities in HIV/AIDS mortality by both
SES and race.

We focused on health inequalities by com-
paring the effect of HAART for people from
low- versus high-SES counties and for Blacks
versus Whites. Another way to examine
changes in inequalities over the 3 periods is to
note that absolute gaps in HIV/AIDS morality
rates between these groups grew much smaller.
As HIV/AIDS death rates declined substan-
tially for all groups, the absolute gaps in
mortality rates between low- and high-SES
counties and between Blacks and Whites also
necessarily became smaller. Although this is
a positive development, we are concerned
about relative rates, which grew much larger
between the pre- and post-HAART periods
(Figure 1 and 3), because we think policy and
practice should address inequalities by ensur-
ing everyone benefits equally from treatments
like HAART. Furthermore, if similar patterns
are replicated for other lifesaving discoveries,
the cumulative effect of the maldistribution
of such benefits will leave our society with
enduring, perhaps even growing, health
inequalities.

Our study joins a rich history of investiga-
tions of social determinants of infectious dis-
ease mortality dating at least as far back as
Virchow’s 1840s typhus studies.25 To our
knowledge, ours is the first study to test the
fundamental cause hypothesis through an in-
depth examination of changes over time in
mortality owing to an infectious disease.

Note. HAART = highly active antiretroviral therapy; IRR = incident rate ratio; SES = socioeconomic status. For each period, the

results from the model were adjusted for age, gender, and urbanicity. Low-SES counties were at the 95th percentile and high-

SES counties were at the 5th percentile (reference group).

FIGURE 2—Incidentrate ratios from negative binomial regression analysis comparing HIV/

AIDS mortality among low-SES and high-SES counties during the pre-, peri-, and post-HAART

periods: United States, 1987–2005.

Note. HAART = highly active antiretroviral therapy; IRR = incident rate ratio. For each period, the results from the model were

adjusted for age, gender, and urbanicity. Whites were the reference group.

FIGURE 3—Incidentrate ratios from negative binomial regression analysis comparing HIV/

AIDS mortality among Blacks and Whites during the pre-, peri-, and post-HAART periods:

United States, 1987–2005.
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HIV/AIDS in the United States provides an ideal
case to explore the interplay of fundamental
causes in the mortality disparities trajectory
because we can precisely identify when protease
inhibitors were approved by the US Food and
Drug Administration and because HAART
was found to be extremely effective at delaying
HIV/AIDS deaths.

There are a number of limitations to this
study. First, identification of HIV/AIDS deaths
may pose challenges because the definition
of the disease and accuracy of diagnosis
evolved over time. However, the most sub-
stantial of these changes occurred early in the
epidemic26,27 and are unlikely to have affected
our findings concerning the transition from
the pre- to post-HAART periods. Additionally,
there is evidence of underdiagnosis and
underreporting of HIV/AIDS as a cause of
death among disadvantaged populations,
particularly among Blacks.28,29 If underre-
porting of HIV/AIDS deaths occurred among
minorities or persons within lower-SES
counties, our results may underestimate true
levels of mortality among these groups. Be-
cause such bias is likely to be consistent over
the study period and across multiple demo-
graphic measures used to calculate mortality
rates, it is unlikely that our findings have been
systematically distorted. Another potential
limitation is related to the transition between
the ninth and 10th revisions of the Interna-
tional Classification of Disease codes that
occurred during the study period. However,
such a transition would contribute to biased
results only if counties differentially instituted
changes in reporting policies, which is unlikely
given the uniformity of death certificate
reporting. Finally, we were not able to in-
corporate data at both the individual and
aggregate level. However, given that this is the
first study to examine how the introduction of
HAART affected mortality inequalities from
a fundamental cause perspective and county-
specific conditions are likely to affect access
to resources, there is a good rationale for
using aggregate data to test our hypotheses.
In future studies, it will be important to see if
our findings are replicated with individual-
level data.

These results demonstrate that inequalities
in HIV/AIDS mortality rates by SES and race
were greater in the peri- and post-HAART

periods than they were in the pre-HAART
period. The findings are consistent with
fundamental cause theory, as inequalities
worsened once a life-extending treatment
became available. Therefore, public health
interventions and policies are needed to
facilitate a more equitable distribution of
health-enhancing innovations. Such policies
can build on existing programs such as
Medicaid and Ryan White programs, without
which inequalities in HIV/AIDS mortality
are likely to have been worse. It is also
important to determine what puts groups
and individuals at risk for being exposed
to conditions that have deleterious effects
on health and to target interventions so that
those with fewer resources are more likely
to know of, have access to, and benefit
from life-extending treatments. Pursing
structural and contextualized interventions
to prevent and address inequalities in
HIV/AIDS mortality is essential for
achieving health equity in the United
States. j
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