
American Journal of Public Health | October 2007, Vol 97, No. 101884 | Research and Practice | Peer Reviewed | Levine et al.

 RESEARCH AND PRACTICE 

Objectives. We sought to describe Black–White differences in HIV disease mortal-
ity before and after the introduction of highly active antiretroviral treatment (HAART).

Methods. Black–White mortality from HIV is described for the nation as a whole.
We performed regression analyses to predict county-level mortality for Black
men aged 25-84 years and the corresponding Black:White male mortality ratios
(disparities) in 140 counties with reliable Black mortality for 1999-2002.

Results. National Black–White disparities widened significantly after the intro-
duction of HAART, especially among women and the elderly. In county regression
analyses, contextual socioeconomic status (SES) was not a significant predictor
of Black:White mortality rate ratio after we controlled for percentage of the popu-
lation who were Black and percentage of the population who were Hispanic, and
neither contextual SES nor race/ethnicity were significant predictors after we con-
trolled for pre-HAART mortality. Contextual SES, race, and pre-HAART mortality
were all significant and independent predictors of mortality among Black men.

Conclusions. Although nearly all segments of the Black population experienced
widened post-HAART disparities, disparities were not inevitable and tended to re-
flect pre-HAART levels. Public health policymakers should consider the hypothe-
sis of unequal diffusion of the HAART innovation, with place effects rendering
some communities more vulnerable than others to this potential problem. (Am J
Public Health. 2007;97:1884–1892. doi:10.2105/AJPH.2005.081489)

descriptors and data developed by Neilson14

for the Gini coefficient.

Study Populations
We used national mortality data of all

Black and White decedents in the United
States from 1990 to 2002. We then reviewed
all 3141 US counties, parishes, independent
cities, and the District of Columbia to identify
those with age-adjusted rates of HIV-disease
mortality among Black men (aged 25 years
or older) that were certified as reliable by
the NCHS (i.e., rates based on at least 20
deaths),8 which uses an open-ended age cate-
gory for the oldest population group (i.e., 85
years or older); corresponding data for
Whites were obtained only for these counties.
After 1996, Black:White HIV mortality rate
ratios (MRRs) increased until 1998 and re-
mained relatively stable from 1999 to 2002;
we used the period 1999 to 2002 (3–6
years after the introduction of HAART) for
further analysis. We excluded from this group
communities in which HIV-related deaths
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among Whites aged 25 years and older did
not meet confidentiality criteria (at least 6
deaths from HIV) and 1 additional county in
which there were too few deaths from HIV
in the years 1990 to 1993 to meet confiden-
tiality criteria for Blacks or Whites; data for
those years (1990–1993) were used as a pre-
dictor for post-HAART mortality in the multi-
variable analyses. After these exclusions, 140
counties remained. The broad age group al-
lowed inclusion of the greatest possible num-
ber of counties. These remaining counties
comprised 86% (17317 of 20170) of all
HIV-related deaths among Black men in the
United States aged 25 years and older and
66% (13903 of 20941) of corresponding
deaths among Whites in 1999 to 2002.
Numbers of HIV deaths among women were
too small to permit efficient analysis.

Outcome Measures
National outcomes. We compared age- and

gender-specific Black :White MRRs and 95%
confidence intervals (CIs) before and after the

In the United States, Blacks have a dispro-
portionate share of mortality from HIV com-
pared with Whites.1–2 Blacks comprised less
than 15% of the US population during the
course of the epidemic3 but accounted for
39.7% of all cases (368169 of 928188) re-
ported through 2003.4 The approval by the
US Food and Drug Administration of pro-
tease inhibitors for marketing in December
1995 and March 1996 introduced the use
of highly active antiretroviral therapy
(HAART) for US adults, which has led to
significant declines in HIV mortality.5 Rates
of decline have been unequal,5–7 however,
with mortality rates among Blacks and
women remaining high.7

We used multiple strategies to describe na-
tional trends in HIV-related mortality among
Blacks and Whites before and after the intro-
duction of HAART in 1996 (hereafter re-
ferred to as pre-HAART and post-HAART).

METHODS

Data Sources
The Compressed Mortality File (CMF) of

the National Center for Health Statistics
(NCHS) is a public-domain mortality and pop-
ulation database containing annual national-,
state-, and county-level information specific
by age, gender, race, and cause.8 As specified
by NCHS, we used category codes 042 to
044 of the International Classification of Dis-
eases, Ninth Revision (ICD-9-CM )9,10 for HIV
from 1990 to 1998 and category codes B20
to B24 of the International Statistical Classifi-
cation of Diseases, Tenth Revision (ICD-10)11,12

for 1999 to 2002. In this report, age cate-
gories and year-by-year inclusions reflect
confidentiality requirements. In addition, we
used US Census information (Short Form 3 of
the NCHS)13 as presented in Geolytics soft-
ware (Geolytics Inc, East Brunswick, NJ) for
county-level socioeconomic and demographic
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introduction of HAART using 10-year age
groups (from 25–34 years to 75–84 years;
deaths among those aged 85 years and older
were too few to be included in the analyses);
we used EpiBasic verson 1.0 (University of
Aarhus, Nordre Ringgade, Denmark) for these
analyses. As per Smith et al.15 the periods be-
fore and after the introduction of HAART are
defined as the years before and after 1996.
We also calculated the average yearly increase
in Black :White MRRs from 1994 to 1998
for these age groups and the percentage
change in age-adjusted mortality among Blacks
and Black :White MRRs from the period
1990–1993 to 1999–2002.

Initial socioeconomic analyses. We tested a
traditional socioeconomic model (percentage
of Black men aged 25 years or older who
were not high school graduates, percentage
of Blacks with yearly income below the fed-
eral poverty line, per capita income among
Blacks, Black :White poverty rate ratio [all
from the 2000 census], and Gini coefficient
[1990]) to predict the Black :White MRR and
the mortality rate among Blacks in the years
1999 to 2002 (4 to 6 years post-HAART).
Because of multicollinearity, we combined
percentage of Black men aged 25 years or
older who were not high school graduates,
percentage of Blacks with yearly income
below the poverty line, and per capita in-
come among Blacks into a socioeconomic
index, using the method of Steenland et al.16

Use of this method entailed the following
steps: (1) ranking all US counties, parishes, in-
dependent cities, and the District of Columbia
for each variable; (2) obtaining the rank of
each variable for each of the 140 communi-
ties; (3) summing ranks for educational at-
tainment, poverty, and the complement of
per capita income (so that higher ranks for
each element equated with lower socioeco-
nomic status); and (4) dividing the sum de-
rived from step 3 by 3. One specification
(used in models 1 and 2) included only
cross-sectional sociodemographic factors,
whereas the other specification (used in
model 3) also included pre-HAART mea-
sures of the dependent variables to estimate
change between the 2 periods. We per-
formed multivariable analyses to predict
Black :White MRRs using ordinary least
squares17 and used a negative binomial

model to predict the mortality rate among
Blacks.18,19 The socioeconomic index was
prepared using SPSS version 13 (SPSS Inc,
Chicago, Ill).20 Multivariable analyses were
performed using SAS software (SAS Institute
Inc, Cary, NC).21

Identification of anomalous counties. We
adapted a method proposed by Pearce,22 who
described a multistep, iterative method to
multivariate models with anomalous case
characteristics. Jackknife residual analysis23

identified anomalous counties (i.e., those with
Black :White MRRs for HIV that were signifi-
cantly different from those that would have
been predicted on the basis of the socioeco-
nomic model). Jackknife residual analysis was
performed with StatsDirect (StatsDirect Ltd,
Altrincham, Cheshire, England).24

Identification of new predictors. The county
with the highest Black :White MRR for men
aged 25 years and older in the period 1999
to 2002 (Greene County, Mo; MRR=37.2)
was assessed for total population, percentage
of the population that was urban, percentage
that was Black, percentage that was Hispanic,
percentage of the Black population that spoke
English poorly or not at all, percentage of
Black men aged 18 years or older who were
civilian veterans, and percentage of Black
households with a telephone. This assessment
was made to identify characteristics that were
either below the 5th percentile or above the
95th percentile for the 140-county cohort as
a whole and that, if added to the purely so-
cioeconomic model (model 1, which included
only the socioeconomic index for educational
attainment among Blacks, income among
Blacks, and poverty among Blacks), might im-
prove the percentage of variance explained
as described by Pearce.22 Because Greene
County was below the 5th percentile for both
percentage of the population who were Black
and percentage who were Hispanic, we chose
to add these factors to the set of predictors
used in model 1.

Repetition of the multivariate analysis. To
refine the socioeconomic model, the variables
identified from Greene County in the previ-
ous paragraph were added to all of the factors
included in the purely socioeconomic model
(model 1) to predict age-adjusted Black :
White MRRs and mortality rates among
Black men in the period 1999 to 2002. Im-

provement of the model was measured by
the percentage of additional variance ex-
plained. An F test was used to determine
whether the differences in percentage of
variance explained by each model were too
large to be explained by chance alone.25

Longitudinal analyses. We provide Black :
White male MRRs for 1990 to 2002 in all
counties in which the MRR was 2.00 or lower
or 15.00 or greater during that period. Re-
garding the multivariable analyses, we added
values for Black :White age-adjusted MRRs
and mortality rates from 3 to 6 years before
the introduction of HAART (1990–1993) for
each county to better describe the role of
place in predicting age-adjusted HIV mortality
among Black men and the corresponding
Black:White MRR in 1999 through 2002. An
F test for model improvement was not consid-
ered appropriate, because models 1 and 2
were cross-sectional.

Additionally, to understand changes in rate
ratios over time, we performed a separate
analysis using dummy variables to designate
counties with Black :White, age-adjusted
male MRRs in the years 1999 to 2002 as
either 1 (MRR≤2.0), 2 (MRR 2.1–15.0) or
3 (MRR>15.0). In these analyses, we com-
pared the slope of the MRR in each classifi-
cation from the period 1990–1993 to
1999–2002. Finally, for illustration pur-
poses, we tracked the progress of Black :
White, age-adjusted HIV disease MRRs and
age-adjusted mortality among Black and
White men in counties with 1999–2002
MRRs at or above 15 or at or below 2.

Additional analyses. Although it was not fea-
sible to perform multivariate analyses for
women, we calculated Black :White MRRs
among women in counties with anomalously
high disparities for the years 1999 to 2002 as
well as counties at or near equality for those
years. We also used the Wilcoxon signed rank
test19 to compare the direction of post-HAART
changes in MRR for counties with MRRs at or
below 2.0 or at or above 15 in the period
1999 to 2002. Additionally, we calculated
the percentage change from 1990–1993 to
1999–2002 for both age-adjusted mortality
among Black men aged 25 years and older
and corresponding values for Black :White
MRRs. Finally, we compared national and
local age-adjusted (25 years and older) MRRs
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Note. Reporting is restricted to 10-year age groups for which reliable data for all years were available. The horizontal line
indicates the introduction of highly active antiretroviral therapy.

FIGURE 1—Black-to-White HIV-related mortality rate ratios among (a) men aged 25 to 74
years and (b) women aged 25 to 64 years: United States, 1990 to 2002.

for AIDS-defining conditions (disparities in
mortality from AIDS-related infections includ-
ing Pneumocystis carinii pneumonia, Mycobac-
terium infection, toxoplasmosis, and cryp-
tosporidiosis [data not shown])26 in the years
immediately before (1994–1995) and after
(1997–1998) the introduction of HAART.

RESULTS

National Mortality
Figure 1 shows Black:White MRRs for the

years 1990 to 2002 for men aged 25 to 74
years and for women aged 25 to 64. (Presen-
tation is restricted to 10-year age groups for
which reliable data for all years were avail-
able.) In nearly all age groups, post-HAART
increases in MRR were in place by 1998.
Among women, average yearly increases in
Black:White MRR by age from 1994 to 1998
were 1.6 (25–34 years), 0.96 (35–44 years),
1.43 (45–54 years), and 1.10 (55–64 years);
for men, the values were 0.64 (25–34 years),
0.57 (35–44 years), 1.06 (45–54 years),
1.09 (55–64 years), and 1.20 (65–74 years).

Table 1 shows average pre-HAART (1990–
1995) and post-HAART (1997–2002)
Black :White MRRs for men and women
aged 25 to 84 years. In no case was there
overlap in the age-specific 95% confidence
intervals for the pre-HAART versus post-
HAART period. After the introduction of
HAART, all MRRs among women were
higher than those in the corresponding age
groups among men, and with the exception of
persons aged 75 to 84 years, there was no
overlap in the 95% confidence intervals.

County-Level Mortality
Descriptive statistics. In 1999–2002, the

mean SD for age-adjusted mortality from HIV
among Black men in the 140-county cohort
was 65.1 ±47.2 per 100000 (ranged=15.7/
100000–332.9/100000). The corresponding
value for Black: White MRR was 7.2 ±5.0
per 100000 (range=0.91/100000–37.3/
100000).

Longitudinal change. Percentage changes in
age-adjusted mortality among Black men and
Black :White MRRs varied widely. Among the
140 counties, 118 (84%) experienced a de-
cline in mortality among Blacks; percentage
change from pre-HAART (1990–1993) to

post-HAART (1999–2002) period, however,
ranged from –80% to 325%, with a mean of
–25% (95% confidence interval [CI]=–17%,
–33%). Correspondingly, 137 counties
(98%) experienced an increase in the

Black :White MRR; values ranged from
–23% to 724%, with a mean of 139%
(95% CI=121%, 157%).

Initial socioeconomic analyses. Table 2
shows model predictions of post-HAART



October 2007, Vol 97, No. 10 | American Journal of Public Health Levine et al. | Peer Reviewed | Research and Practice | 1887

 RESEARCH AND PRACTICE 

(1999–2002) age-adjusted Black :White
MRRs for men and corresponding predictions
for age-adjusted mortality rates among Black
men. The traditional socioeconomic model
was statistically significant for Black :White
MRR (F=3.67, P=.01, adjusted r 2 =5.5%).
The Black :White poverty rate ratio (P<.001)
and socioeconomic index (P=.001) were sig-
nificantly associated with Black :White MRR;
only socioeconomic index (P<.001) was sig-
nificantly associated with mortality rate.

Identification of anomalous counties and new
predictors. There were no counties with
anomalously low Black :White MRRs. Greene
County, Mo, which had the highest MRR, was
deviant because of its low percentages of
Blacks and Hispanics (both below the 5th
percentile). Ranking 2 through 6 behind
Greene County were Forsyth County, North
Carolina (MRR=30.0), Delaware County,
Pennsylvania (MRR=21.9), Monmouth
County, New Jersey (MRR=18.7), and New
Castle County, Delaware (MRR=18.3); these
values were also higher than predicted by the
socioeconomic model.

Repetition of the multivariate analysis. When
percentage of population that was Black and
percentage that was Hispanic were added to

the basic socioeconomic model, both were
significantly associated with Black :White
MRR (the dependent variable), and both were
negatively correlated with MRR (P=.009 for
percentage of Black residents and P=.001 for
percentage of Hispanic residents). None of the
socioeconomic factors were significantly asso-
ciated with the dependent variable. The per-
centage of variance explained by the model
increased to 13.1% (P=.001). For mortality
rate among Blacks, only the socioeconomic
index was significant (P<.001). All counties
with anomalously high MRRs in model 1 also
had anomalously high MRRs in model 2. Re-
sults for model 3 (in which a longitudinal pre-
dictor was added to the factors in model 2)
are presented in the following section.

Longitudinal analyses. Figure 2 (counties
with MRR≤2.0 in 1999–2002) and Figure 3
(counties with MRR≥15.0 in 1999–2002)
illustrate opposite ends of the range of
Black:White MRRs for 1999–2002. With the
exception of data for Blacks in Gaston County,
North Carolina in 1990–1993, and Whites in
Gaston and Forsyth Counties, North Carolina
in 1999–2002, all data points denote at least
20 deaths; yearly data in these counties, how-
ever, are consistent with the 4-year totals.

In Figure 2 and Figure 3, communities at
or near Black–White MRR equality or high
inequality after the introduction of HAART
were also at or near equality or high in-
equality before its introduction. In all 16 of
these communities (Figure 2 and Figure 3),
pre-HAART (1990–1993) Black :White
MRRs were lower than the corresponding
post-HAART (1999–2002) values (P< .001).
Notably, however, in every county with a
post-HAART MRR of 2.0 or less, pre-
HAART (1990–1993) HIV mortality among
Blacks were lower than those among Whites;
the opposite was true for counties in which
post-HAART MRRs were 15.0 or above.
Finally, there were different patterns for
MRRs over time. Patterns for San Francisco
County, California, and Orleans Parish,
Louisiana, for example, mimic those of the
United States as a whole, and Bronx County,
New York, follows a unique, nearly horizon-
tal pattern throughout.

Pre-HAART county values for age-
adjusted Black : White MRRs were added
to produce model 3 in Table 2, and pre-
HAART county values for age-adjusted mor-
tality among Blacks were added to produce
model 3 in Table 3. After we accounted for

TABLE 1—US Black-to-White Mortality Rate Ratios (MRRs) for HIV Before (1990–1995) and After (1997–2002) 
the Introduction of Highly Active Antiretroviral Treatment (HAART), by Age and Gender

Before Introduction of HAART (1990–1995) After Introduction of HAART (1997–2002)

Blacks Whites Blacks Whites

Age 
and Person- Person- Black : White Person- Person- Black : White
Gender Deaths Years Deaths Years MRR (95% CI) Deaths Years Deaths Years MRR (95% CI)

Men, y

25–34 16 993 15 734 471 36 309 106 813 720 3.18 (3.12, 3.24) 5 522 15 603 347 6 491 98 616 176 6.36 (6.12, 6.60)

35–44 25 212 13 323 431 52 501 101 552 210 3.66 (3.61, 3.72) 12 990 16 029 902 14 424 110 854 080 6.23 (6.08, 6.38)

45–54 9 864 7 953 764 22 517 71 497 724 3.87 (3.77, 3.96) 9 479 11 495 762 8 932 92 797 298 8.57 (8.32, 8.82)

55–64 3 036 5 454 510 6 584 52 777 418 4.46 (4.27, 4.66) 2 887 6 478 328 2 820 60 215 541 9.52 (9.03, 10.03)

65–74 869 3 836 740 1 660 44 085 986 6.02 (5.53, 6.53) 946 4 099 302 803 44 148 054 12.69 (11.54, 13.96)

75–84 106 1 717 205 224 22 026 171 6.07 (4.77, 7.68) 184 1 978 148 160 26 331 726 15.31 (12.32, 19.04)

Women, y

25–34 5 672 17 569 200 4 072 104 089 262 8.25 (7.93, 8.59) 3 401 17 294 748 1 406 94 635 076 13.24 (12.43, 14.09)

35–44 6 930 15 356 318 4 411 101 213 489 10.35 (9.97, 10.76) 6 007 18 151 026 2 730 109 713 087 13.30 (12.71, 13.92)

45–54 2 110 9 511 830 1 581 73 336 535 10.29 (9.64, 10.98) 3 233 13 432 221 1 430 94 357 256 15.88 (14.92, 16.91)

55–64 701 6 967 552 584 57 389 348 9.89 (8.85, 11.05) 851 8 075 059 464 64 191 326 13.57 (12.11, 15.23)

65–74 255 5 484 261 333 55 117 359 7.70 (6.51, 9.09) 311 5 812 723 126 52 826 054 22.43 (18,24, 27.59)

75–84 51 3 110 854 114 35 903 451 5.16 (3.64, 7.24) 70 3 527 517 58 40 063 530 15.90 (10.90, 23.34

Note. CI = confidence interval. Reporting is restricted to 10-year age groups for which reliable data for all years were available.
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the pre-HAART MRR—which had a small
but highly significant association with the
post-HAART MRR (P < .001)—none of the
other variables were significantly associated
with the post-HAART MRR; the percentage
of variance explained increased to 58%. As
shown in Table 1, the percentage of resi-
dents who were Black (P ≤ .001), the socio-
economic index (P ≤ .001), and pre-HAART
mortality among Blacks (P < .001) were all
significantly associated with post-HAART
mortality among Blacks. In contrast to
Black : White MRR, there was a statistically
significant, positive association between per-
centage of Black residents and Black mortal-
ity in model 3. Further exploration of MRR
predictions by classifying counties into 3
groups according to post-HAART MRR
(data not shown) showed all classifications
increased, and there was no significant dif-
ference in the slope from one class to the
other. MRR magnitude, however, was higher
among counties with MRRs of 15.0 or
greater in 1999 to 2002.

Additional analyses. Pre- and post-HAART
disparities for AIDS-defining conditions (data
not shown) were small nationally and locally
and were inconsistent between counties.

DISCUSSION

HAART became available for use in the
United States in 1996.15 In every age and
gender group for which reliable data were
available, the disparity between pre-HAART
(1990–1995) and post-HAART (1997–
2002) mortality from HIV was higher for
Blacks than for Whites. In addition to the
HIV data, the stability of national pre- and
post-HAART mortality for AIDS-defining con-
ditions is consistent with the hypothesis that
observed pre- and post-HAART changes in
mortality rates were because of HAART. If
something other than HAART had been re-
sponsible for the increased disparities in
HIV-related post-HAART mortality, it is rea-
sonable to expect that disparities in AIDS-
defining conditions should have increased as
well; however, this was not the case. Al-
though these data are largely ecologic and de-
scriptive and cannot test the hypothesis that
HAART caused these increased disparities,
the information is sufficiently suggestive to
support further inquiry.

In these data, the plight of older persons
and women is striking. People aged 65 and
older experienced the greatest disparities in

mortality, particularly after the introduction
of HAART. Regarding women, Black women
in all age groups had no less than a 13-times
greater risk of dying from HIV compared
with White women of the same age, and
Black women aged 65 to 74 years had more
than a 20-times greater risk than did White
women of the same age. By contrast, in only
1 age group (those aged 75 to 84 years) was
Black men’s relative risk more than 13 times
that of White men.

More encouraging, however, is that nei-
ther pre-HAART nor post-HAART
Black–White disparities in HIV-related mor-
tality were universal among US men aged
25 years and older. Also, whether the out-
come of interest was MRR or mortality rate,
place (i.e., where a person lived) was impor-
tant among Blacks, in part because places
with lower inequality and lower rates before
the introduction of HAART also tended to
have correspondingly lower values after
HAART’s introduction. Specifically, al-
though county-level socioeconomic and de-
mographic factors were important predictors
of post-HAART disparities (i.e., MRRs)
among Black men aged 25 years and older
in the cross-sectional models (1 and 2),

TABLE 2—Hierarchical Regression Models Predicting Black :White Age-Adjusted HIV-Related Mortality 
Rate Ratios (MRRs) Among Men Aged 25 Years and Older in 140 US Counties After the Introduction 
of Highly Active Antiretroviral Treatment: 1999–2002

Model 1, Model 2, Model 3,
Metric Regression Metric Regression Metric Regression 

Predictor Coefficient (SE) P Coefficient (SE) P Coefficient (SE) P

Hierarchical regression models

Socioeconomic index (2000) –0.13 (0.09) < .001 –0.02 (0.09) .83 –0.07 (0.06) .24

Gini coefficient (1990) –0.02 (0.10) .89 –0.007 (0.09) .94 0.03 (0.06) .64

Black :White poverty rate ratio (2000) 1.36 (0.47) < .001 0.50 (0.54) .35 0.68 (0.38) .07

% Black residents (2000) –7.73 (2.93) .009 –0.58 (2.13) .78

Hispanic residents (2000), % –15.16 (4.34) .001 –5.64 (3.13) .07

Black :White age-adjusted HIV disease mortality rate ratio for men 1.16 (0.10) < .001

aged 25 and older (1990–1993)

Adjusted R2, % 5.5 13.1 58.0

F 3.67 .01 5.20 < .001 32.63 < .001

Note. Model 1 accounts only for socioeconomic context, including county-level year 2000 US Census values for percentage of the population who were Black men with less than a high school
education, percentage of the population who were Black and with incomes below the poverty level, Black per capita income (all included in the socioeconomic index) and Black : White poverty rate
ratio, as well as the Gini coefficient (another measure of economic inequality) for 1990. Model 2 adds 2 additional characteristics (percentage of the population who were Black residents and
percentage of the population who were Hispanic residents) derived from communities whose Black : White MRRs were statistically greater than that which would have been predicted by model 1.
Model 3 includes all of the predictors in models 1 and 2 plus values for Black : White MRRs and Black mortality in 1990 through 1993 (3 to 6 years pre-HAART). Hierarchical regression models
predict the Black : White MRRs in 1999-2002 (3 to 6 years post-HAART).
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Note. In counties with at least 20 deaths among Blacks from HIV/AIDS.

FIGURE 2—Black:White HIV mortality among men aged 25 years and older in the United
States and in US counties with a mortality rate ratio (MRR) of 2.0 or less, by (a) MRRs and
(b) race-specific, age-adjusted mortality rates: 1990–2002.

pre-HAART MRRs appeared to account for
a greater proportion of the variance than
any other variable in the model, in part be-
cause of the magnitude of unexplained het-
erogeneity in these cross-sectional models.
After we controlled for pre-HAART MRRs,
the protective racial/ethnic context within
the county (evidenced by the lower MRRs
associated with higher percentages of Blacks
and Hispanics) was not significant for per-
centage of the population who were Black
and of only borderline significance for per-
centage of the population who were His-
panic. Social inequality (represented by
Black:White poverty rate ratio) also
emerged as a borderline significant risk fac-
tor. By contrast, a higher socioeconomic
index (indicating lower contextual socioeco-
nomic status) was highly significant in all 3
models when the dependent variable was
Black mortality, thereby reminding us that
that Black mortality and Black:White MRRs
for HIV may have different determinants.

Counties with anomalously high MRRs may
be extreme examples of place effects. Two of
these communities were contiguous (Delaware
County, Pennsylvania, and New Castle County,
Delaware) and 3 (Forsyth, Gaston, and Wayne
Counties) were in North Carolina, raising the
possibility of shared experiences.

Because identification of anomalous
county characteristics significantly improved
the socioeconomic model predicting disparity
(i.e., Black :White MRRs) in these data, the
results suggest that further characterization
of these communities might lead to further
strengthening of the model. In pursuing such
inquiries, the high variability in outcome by
place and the apparent complexity of the
interplay between factors that increased risk
and those that were protective should cau-
tion against studies of single communities
contrasted with communities across the con-
tinuum of overall outcomes. Detection of
dose–response group relationships might be
especially enhanced by a multiple commu-
nity approach.

Several hypotheses could be considered.
Nakashima and Fleming,5 for example, sug-
gest that slower declines in numbers of
cases of HIV among Blacks may partly re-
flect the later appearance of epidemic peaks
among heterosexuals and substance

abusers, because Blacks with HIV are more
likely to be heterosexuals and substance
abusers than are Whites. Comparative
analyses of HIV incidence and survival
among heterosexuals and substance abusers
in communities with and without evidence
of overall Black–White equality in disease
outcome could address this possibility. An-
other possibility is that diffusion of HAART
itself (with diffusion defined as “the process

in which an innovation is communicated
through certain channels over time among
the members of a social system”27) was dif-
ferent. A third possibility was suggested by
Wallace et al.,28,29 who stated that inability
to meet demands for acute medical service
(“medical gridlock”) resulted from “increas-
ing social disorganization of poor communi-
ties initiated and continued in considerable
part by government policy.”28(p810) A fourth
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hypothesis—selective migration of the se-
verely ill to medical centers after a diagno-
sis of AIDS, which leads to higher rates in
the surrounding communities—has not re-
ceived strong support30 and would seem to
be contradicted by the advanced medical
care centers available in most of the 140
communities. Selective migration to rural
areas would not appear to be supported for
similar reasons.31

With regard to unequal diffusion, Rogers32

points out that medical innovations may exac-
erbate existing problems, in part because of
barriers faced by those in lower socio-
economic strata. If this hypotheses is valid for
this study, the strong influence of pre-HAART
outcomes on post-HAART rates and dispari-
ties, taken in the context of previous scientific
publications, suggests that more is involved.
Specifically, channels of communication

involved in HAART diffusion likely involve
the interface between the community and
entry to the health care system (e.g., lack of
health insurance33 and low levels of
trust34–36), activities within the health care
system (e.g., equality of care,37 differential re-
ferral to clinical trials,38 and differences in
HAART regimes39), and the interface be-
tween initiation of HAART and the ability to
adhere to medical recommendations.40

Limitations
There are several limitations to these data.

First, the problem of ascertaining cause of
death from death certificates is well
known.41–43 Also, an extensive literature doc-
uments the underreporting of HIV as under-
lying cause of death, particularly among
women44 and minority populations45; if such
underreporting actually exists, the mortality
rates reported in our data could be under-
estimates. It could also be true, however, that
local practices leading to underreporting
among Whites would artificially inflate the
Black :White MRRs.

Second, HAART was introduced in 1996,
just a few years before the transition from
ICD-9 to ICD-10 in 1999. Because increases
in deaths caused by HIV grew more rapidly
among Whites than among Blacks after
ICD-10 was implemented,46 disparities might
have been overestimated before ICD-10.
Although it is true that the widening of dis-
parities as shown in the present data was well
in place by 1998, the increases remained rel-
atively stable after ICD-10 was implemented,
making it difficult to discount widened post-
HAART disparities as coding bias.

Third, the extent of declines in AIDS mor-
tality following the introduction of HAART
may be illusory; mortality among people with
HIV could have been attributed to something
else (e.g., drug overdose), and HIV-related
mortality might actually have remained the
same. Smith et al.,15 for example, who followed
a prospective cohort of women with HIV as
part of the HERS (HIV Epidemiology Re-
search Study) project, noted that all-cause mor-
tality was unchanged between the pre-HAART
(1993–1996) and post-HAART (1997–1999)
periods, probably because high levels of illicit
drug use offset improvements in mortality
from declining numbers of deaths from HIV; it

Note. In counties with at least 20 deaths among Blacks from HIV/AIDS.

FIGURE 3—Black:White HIV mortality among men aged 25 years and older in the United
States and in US counties with a mortality rate ratio (MRR) of 15.0 or higher, by (a) MRRs
and (b) race-specific, age-adjusted mortality rates: 1990–2002.
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is unclear, however, whether national trends
mirrored those of this particular study. Fourth,
the changing patterns of associated mortal-
ity47–49 make it increasingly difficult to use
methods employed in past years50 to estimate
the contribution of HIV to deaths attributed to
other causes. Follow-up data from nationally
representative case cohorts would be helpful.

Fifth, we used 10-year age groups in calcu-
lating almost all race-, age-, and gender-spe-
cific rates. Although this was the smallest age
grouping available,8 it is possible that varia-
tions within still smaller age groups affected
the comparability of rates. Sixth, the socio-
economic and demographic descriptors used
for multivariate analysis were ecological and
will ultimately need to be understood in
conjunction with multilevel analyses that
include individual information.51 Seventh, re-
garding identification of anomalous county
characteristics, there are literally thousands of
characteristics that could be considered, so
the list of plausible factors we used could
have missed important opportunities to im-
prove the model. Identification of particular
communities as anomalous in these models
should be interpreted with caution, both be-
cause of the aforementioned possibility of
missed opportunities and because of ongoing
inquiry within the biostatistics community as

to the best multivariable analyses to use for
these purposes.18,19 This is a strong argument
for primary qualitative and quantitative data
collection within anomalous communities and
other communities at opposite ends of the
disparities spectrum.

Conclusions
These data show that Black–White risks in-

creased after the introduction of HAART, that
Black–White disparities in HIV-related mortal-
ity differ according to age and gender, that
high pre-HAART disparities among women
were raised to extraordinarily high post-
HAART levels, and that communities had dif-
ferent vulnerabilities to disparity. Public health
policymakers should consider epidemiological
studies of existing hypotheses as well as the hy-
pothesis of unequal diffusion of HAART in
seeking to explain these patterns; they should
also plan to identify places with unusually high
disparities in mortality and not simply the risk-
factor characteristics associated with individual
vulnerability. Perhaps the most important ob-
servation, however, is that Black–White dis-
parities were not inevitable in the United
States, either before or after the introduction of
HAART. Further study of relatively successful
communities may improve public health the-
ory and lead to increased national equity in

outcomes, even as we reap the harvest already
engendered by current innovations.
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TABLE 3—Multivariate Negative Binomial Models Predicting Black :White and Age-Adjusted 
HIV-Related Mortality Among Black Men Aged 25 Years and Older in 140 US Counties After the 
Introduction of Highly Active Antiretroviral Treatment: 1999–2002

Model 1, Model 2, Model 3,
Parameter Estimate Parameter Estimate Parameter Estimate

Predictor (95% CI) P (95% CI) P (95% CI) P

Multivariate negative binomial models

Socioeconomic index 1.05 (1.03,1.07) < .001 1.05 (1.03, 1.07) < .001 1.03 (1.01, 1.04) < .001

Gini coefficient 0.99 (0.97,1.02) .64 0.99 (0.97, 1.01) .52 1.01 (0.99, 1.02) .23

Black :White poverty rate ratio 0.92 (0.84,1.02) .11 0.91 (0.81, 1.01) .08 1.04 (0.96, 1.12) .32

% Black residents 1.11 (0.59, 2.09) .74 2.15 (1.40, 3.31) < .001

% Hispanic residents 0.68 (0.26, 1.76) .43 1.17 (0.62, 2.22) .62

Age-adjusted HIV disease mortality rate among Black men aged 1.003 (1.002, 1.004) < .001

25 years and older (1990–1993)

Note. CI - confidence interval. Model 1 accounts only for socioeconomic context, including county-level year 2000 US Census values for percentage of the population who were Black men with less
than a high school education, percentage of the population who were Black and with incomes below the poverty level, Black per capita income (all included in the socioeconomic index) and Black :
White poverty rate ratio, as well as the Gini coefficient (another measure of economic inequality) for 1990. Model 2 adds 2 additional characteristics (percentage of the population who were Black
residents and percentage of the population who were Hispanic residents) derived from communities whose Black : White MRRs were statistically greater than that which would have been predicted
by model 1. Model 3 includes all of the predictors in models 1 and 2 plus values for Black : White MRRs and Black mortality in 1990 through 1993 (3 to 6 years pre-HAART). Negative binomial
regression models predict Black mortality in 1999–2002 (3 to 6 years post-HAART).
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Human Participant Protection
No protocol approval was needed for this study, which
was based entirely on public information from second-
ary data sets available through the Internet.
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