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ABSTRACT This article estimates HIV prevalence rates among injection drug users
(IDUs) in 95 large US metropolitan areas to facilitate social and policy analyses of
HIV epidemics. HIV prevalence rates among IDUs in these metropolitan areas were
calculated by taking the mean of two estimates: (1) estimates based on regression
adjustments to Centers for Disease Control and Prevention (CDC) Voluntary HIV
Counseling and Testing data and (2) estimates based on the ratio of the number of
injectors living with HIV to the number of injectors living in the metropolitan area.
The validity of the resulting estimates was assessed. HIV prevalence rates varied from 2
to 28% (median 5.9%; interquartile range 4.0-10.2%). These HIV prevalence rates
correlated with similar estimates calculated for 1992 and with two theoretically related
phenomena: laws against over-the-counter purchase of syringes and income inequality.
Despite limitations in the accuracy of these estimates, they can be used for structural
analyses of the correlates, predictors and consequences of HIV prevalence rates among
drug injectors in metropolitan areas and for assessing and targeting the service needs
for drug injectors.

KEYWORDS Epidemic modeling, HIV prevalence estimates, Injection drug users, Local
epidemics, Structural analysis.

INTRODUCTION

A notable fact about HIV epidemics among injection drug users (IDUs) is the great
differences in prevalence and incidence rates in different localities. This divergence
was documented by Holmberg' for the 96 largest metropolitan statistical areas
(MSAs) in the United States. In his data on the situation in 1992, he found that preva-
lence rates ranged from 1 to 41% (with median 5.9% and considerable right-skewing)
and that incidence rates varied from 0.2 to 4.9 per 100 person-years at risk (with two-
thirds of the metropolitan areas having incidence of less than 1 per 100 PYAR).
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Estimates of HIV prevalence rates among IDUs in specific geographic areas are
essential for deepening our understanding of both the etiology and effects of the
HIV epidemic and for designing and implementing related public health programs
and policies. Difficulties in studying probability samples of hidden populations such
as IDUs, together with temporal bias processes (due to the lack of medical justifica-
tion for frequent retesting of HIV positives) make such estimates difficult. In this
article, we present a method of calculating HIV prevalence rates among IDUs in
each of 95 large US metropolitan areas in 1998, describe the resulting estimates,
and assess their validity.

Knowing HIV prevalence rates among IDUs in specific geographic areas can
help policy makers in allocating resources. It is also an important prerequisite for
investigating social, economic, and policy characteristics that shape HIV epidemics
and thus for laying the basis for policy or structural interventions. Though consider-
able research has been conducted to identify the individual characteristics that pre-
dispose IDUs to be or become infected with HIV, much less research has been
conducted on structural or policy determinants of HIV prevalence rates in MSAs or
cities. Two studies have examined time-trajectories of HIV prevalence rates among
IDUs in cities with and without syringe exchanges. Both Hurley et al.> and
MacDonald et al.’ found syringe exchange to be negatively associated with HIV
prevalence rates. Friedman et al.* found (using Holmberg’s earlier estimates for HIV
prevalence rates in the MSAs studied in this article) that syringe laws and other
MSA characteristics such as income inequality were associated with HIV prevalence
rates among [DUs.

In the present analysis, the geographic units studied are 95 of the 96 US metro-
politan statistical areas (MSAs) that had populations greater than 500,000 in 1993.
(The San Juan-Bayamon MSA was omitted due to missing data.) MSAs are defined
by the US Census Bureau as contiguous counties that contain a central city of
50,000 people or more and that form a socioeconomic unity as defined by commut-
ing patterns and social and economic integration within the constituent counties.”
The MSA was chosen as the unit of analysis for three reasons. First, it allows continuity
with Holmberg’s 1992 estimates." Second, health data are more available for the
county units that comprise MSAs than for municipalities. Third, the economic,
social, and commuting unity of metropolitan areas make them a reasonable unit in
which to study drug-related HIV and other epidemics. For example, many IDUs live
in the suburbs but buy drugs (and perhaps get drug-related services) in the central
city.

METHODS

In estimating HIV prevalence rates among IDUs, we combined estimates based on
regression adjustments to CDC Voluntary HIV Counseling and Testing data with
estimates based on calculating the ratio of IDUs living with HIV to the IDU popula-
tion of the metropolitan area.

Regression Adjustments to CDC Data

For 88 MSAs, enough IDUs went through Voluntary HIV Counseling and Testing
at sites incorporated into CDC data-collection systems for us to use these data in
making our estimates. As Holmberg' recognized, these CDC data underestimate
HIV prevalence rates. The major reason is that people who have tested positive
once (or twice, as a confirmation) have no reason to be tested again. Thus, those
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who get tested tend to be HIV negatives who have never been tested before; HIV
negatives who have previously tested negative and come back to be tested again;
and a relatively small proportion (except in localities with major HIV outbreaks)
who have tested negative but have become infected since then. Over time, then,
there is a tendency for HIV prevalence rates among those being tested to decline.
This source of error is likely to be greater in MSAs with higher HIV prevalence rates
and those with long-lasting epidemics of stable (or declining) prevalence rates.
Thus, these data need to be adjusted before they can be used in estimating HIV
prevalence rates. We used regression imputation with research-based estimates as
our anchor points to accomplish this adjustment.

We reviewed published literature and conference abstracts to find HIV preva-
lence rate estimates among IDUs in the 95 MSAs of interest. Web-based searches
and inquiries of researchers identified one or more eligible research articles or
abstracts for 25 metropolitan areas. To be eligible, a study had to have been con-
ducted between 1994 and 2002; to have determined HIV serostatus through the
testing of blood, urine, or saliva samples rather than through self-report; and not to
have been part of the Voluntary Counseling and Testing system. Where more than
one study was available, we used the median value as the research-based estimate.
Research-based estimates for one MSA were excluded because the two available
estimates (12 and 25%) were considered too far apart.

The research-based estimates for these 25 MSAs were regressed on the CDC
Counseling and Testing data for these metropolitan areas. The resulting predictor
equation (R*=.72) was

Research-based estimate of HIV prevalence rate (in %)=2.1%+1.83 * {C & T
estimate} .

This equation, it should be noted, implies that our estimate for a metropolitan
area with 0% prevalence rate on Counseling and Testing data would be 2.1%. This
is not unreasonable, because the only values lower than this among the 26 metro-
politan areas with research data were 0.5%, 1.75%, 1.75%, and 1.8%, and issues
of sampling error, and possible sampling bias make it hard to argue that any of
these MSAs has a true value lower than 2.1%. The estimates appear in Table 1.

Lieb Estimates
A second estimate was based on methods developed by Lieb et al.” Briefly, the total
number of HIV-positive IDUs (including those who are also men who have had sex
with men) living in an MSA was designated as k. The estimated numbers of IDUs
(a) and the estimated HIV prevalence rates among IDUs (b) were variables related
by the function, k =ab; thus, b=a/k. Data on a, the estimated number of IDUs who
had injected drugs in the last year in each MSA, were available from Friedman
et al.® To account for the fact that Lieb’s period for injection drug-use behavior
(since 1977, which is consistent with CDC’s classification conventions for HIV
exposure’) was considerably longer than Friedman’s period (the past year), we
adjusted Friedman’s estimates by multiplying them by 2.47, which equals the ratio
of living persons in the 91 MSAs who had injected drugs since 1977 (from estimates
developed by Lieb) to the total number of persons who injected drugs in the last
year as estimated by Friedman et al.®

To estimate the number of IDUs living with HIV (k), Lieb started with the num-
ber of persons living with AIDS (persons living with AIDS [PLWAs]) through 2001;
he then applied an expansion factor of 2.4844 to the number of IDUs and MSM/
IDUs living with AIDS in an MSA to estimate the number living with HIV. [This
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expansion factor used Centers for Disease Control and Prevention (CDC) data' to
generate a national expansion factor=2.4844=900,000/362,261, where 900,000 is
the national HIV prevalence point estimate,'' and 362,261 is the total number of
people living with AIDS in the United States at the end of 2001.]"

The estimated number of HIV-infected IDUs (k) in each MSA was then divided
by the adjusted number of IDUs in this MSA (a) to obtain the second estimate of
HIV prevalence rates (b).

Combined Estimates
There were 85 MSAs for which we had both regression adjustment estimates and
Lieb estimates for HIV. For these 85 MSAs, the two estimates differed somewhat
(Lieb method: mean=6.93; SD =5.28; regression estimate mean=8.36, SD=6.35);
they were correlated at r=0.76. There were 3 MSAs for which we had data from
CDC Counseling and Testing but not a Lieb estimate; and 7 for which we had a
Lieb estimate but not Counseling and Testing data. In these cases, we used regres-
sion imputation methods to calculate each estimate as a function of the other. If the
Lieb data were missing, we used the Counseling and Testing data to impute an esti-
mate for the missing data and vice versa if the Counseling and Testing data were
missing. In general, the imputed value and the data-based estimate were quite close:
In 9 cases, the difference was less than 2%; in the other case, the Bergen-Passaic
MSA, the difference was 7.1% (with the adjusted Counseling and Testing estimate
equal to 23.6% and the imputed value for the Lieb formula equal to 16.5%).

Given that both the adjusted Counseling and Testing estimates and the Lieb
estimates (including their imputed values) have considerable error but that the
sources of these errors seem to be different, one way to attempt to minimize error is
to combine the estimates into one value. The final estimate is the simple average of
these data for each of 95 MSAs.

Statistical analyses were conducted using SAS version 9.1 (SAS Institute, Cary,
NC) including Procs Corr, Reg and Univariate.

RESULTS

Table 1 presents the estimates of HIV prevalence rate levels among IDUs in
95 metropolitan areas in 1998 and highlights the imputed values for MSAs that
lacked data on one of the sub-estimates. Table 2 compares the means, medians, and
quartiles for these estimates to those for Holmberg’s estimates for 1992. Estimated
HIV prevalence rates in 1998 varied from 2.4 to 27.4% with mean 7.9% and
median 5.9%. Most MSAs continue to have prevalence rates among IDUs less than
10% and approximately 40% have prevalence less than 5%.

Several procedures were used to validate these estimates. We compared
them with Holmberg’s' estimates for 1992 as a long-term test-retest reliability
study—which is justifiable because all evidence suggests relatively slow change
in HIV prevalence rates in most MSAs. The two estimates were correlated
(r=0.86), which is a quite respectable reliability estimate for this test, and the
constant (5.9%) median value (Table 2) was not unexpected. Second, the esti-
mates were correlated with two other theoretically related characteristics of the
MSAs as a way to investigate construct validity. As expected from previous arti-
cles, HIV prevalence rates correlated significantly and positively (r=0.23), with
laws against over-the-counter purchase of syringes and with income inequality
(r=0.26).%1
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TABLE 2. HIV prevalence rates among injection drug users in 95 large metropolitan areas of
the United States, 1992 and 1998

1992* 1998

Median (range) 5.9% (1.0-41.0%) 5.9% (2.4-27.4%)

Mean (standard deviation) 9.1% (8.5%) 7.9%(5.5%)

First quartile 3.0% 4.0%

Third quartile 12.5% 10.2%

HIV prevalence range Percentage of metropolitan areas in that range
0-4.99% 41% 40%
5-9.99% 24% 35%
10-19.99% 22% 20%
20-29.99% 8% 5%
30-39.99% 3% 0
40-49.99% 1% 0

*These statistics were compiled from data from Holmberg (1996) and supporting materials (available upon
request).’

DISCUSSION

Despite our efforts to validate the estimates of HIV prevalence rates, serious limita-
tions undoubtedly exist concerning their accuracy. The research data for 25 metro-
politan areas use samples that in most cases have little claim to be representative of
all IDUs and, in addition, used inconsistent criteria for sample eligibility. Inaccura-
cies based on these sample characteristics undoubtedly affect the accuracy of the
regression adjustments made to the CDC Voluntary HIV Counseling and Testing
data, as do a range of local variations in Counseling and Testing site locations and
other characteristics that affect which IDUs do and do not get tested. The Lieb
equations are limited by inaccuracies in our estimates of numbers of drug injectors
living with HIV and in our estimates of the number of IDUs in each metropolitan
area (see Friedman et al.? for detailed discussion of related limitations). As was true
in estimating the numbers of IDUs, the data are further limited by social desirability
biases on the part of people being tested when they report on whether they have
ever injected drugs and, if so, when they last did so. Efforts to construct-validate the
results by examining their correlates are limited by the paucity of research about
what metropolitan area characteristics are associated with HIV prevalence rates
among IDUs.

MSA-specific estimates should be used cautiously. Our construct validation
procedures provide estimates of overall reliability of the entire set of 95 estimates
and are thus less meaningful for any given metropolitan area. We particularly want
to caution against MSA-specific comparisons of change in HIV prevalence rate esti-
mates based on comparing our data to Holmberg’s' estimates because such subtrac-
tions can compound the errors at the two periods to produce very misleading
conclusions.

Despite their limitations, these estimates will be useful for policy planning and
as supporting data in seeking funding for prevention and care of HIV. They also
have considerable scientific utility. They can be used to study what metropolitan
area characteristics are associated with HIV prevalence rates among IDUs. Such
analyses might usefully inform urban or policing policy as well as assist in assessing
the large-scale impacts of programs for promoting access to sterile syringes.*'?
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It appears that HIV prevalence rates have declined in those MSAs with the
highest rates in the early 1990s, probably as a result of deaths of infected injectors
(for whatever cause) not being matched by new infections as appears to be the case
with New York City and as Holmberg had suggested was occurring in his 1996
article.""! The decreases in new infections may be due to the success of prevention
efforts such as syringe exchange and to other sources such as decreases in the pro-
portion of drug-use events in which the drugs are injected."'*"

As presented here, between these data for 1998 and Holmberg’s' for 1992, we
have some capacity to study change over time. Given the extent of noise in these
data, however, two points in time may well be insufficient to analyze causation. We
are planning to create annual estimates for the period since 1992 and then to ana-
lyze what structural and policy factors are associated with changes in HIV seroprev-
alence among IDUs.
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