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Key FindingsPurpose

	 This policy brief evaluates trends in mortality from Human Immunode-
ficiency Virus (HIV) and opioid use in rural and urban areas of the U.S. Specif-
ically, it uses data from the Centers for Disease Control and Prevention (CDC) 
Wide-ranging Online Data for Epidemiology Research (WONDER) mortality 
database from 1999 to 2018 to explore whether HIV and opioid deaths appear 
to be related over time in rural and urban areas. 

Background

	 In 2014, the small community of Austin, Indiana – with a population of 
less than 4,500 – made national headlines for one of the worst HIV outbreaks 
in recent U.S. history.1 More than 200 residents in the rural Scott County com-
munity were diagnosed with HIV during a time when the sharing of needles 
was noted and the opioid epidemic was growing.2 This alarming HIV outbreak, 
coupled with the massive scope of the opioid epidemic in the U.S. led many 
public health professionals, health care providers, and other stakeholders to 
fear that this phenomenon would become national in scope. By 2016, injecting 
opioids was linked to 13 percent of new HIV diagnoses as well as additional 
HIV outbreaks in Lawrence and Lowell Massachusetts.3 Previous research has 
suggested that certain communities could be at high risk of HIV outbreaks in 
light of the opioid epidemic. Specifically, the CDC has identified 220 counties 
that they believe to be at risk for rapid dissemination of HIV and Hepatitis C in 
light of the opioid epidemic.4-6

	 Prior research evaluating the possible association between opioid use 
and HIV suggests that some Americans are at higher risk of contracting HIV 
through opioid use than others. For example, some studies have shown that 
young abusers (ages 18-24) of prescription opioids are more likely to use 
alternative routes of administration such as injection and to re-use non-sterile 
needles, putting them at higher risk of HIV infection.7 Similarly, White and 
Hispanic individuals have been found to have higher odds of using intravenous 
(IV) injection as a mode or route for medication abuse as compared to Blacks.7 
With injection drug use linked to up to 72 percent of hospital admissions in 
HIV/AIDS wards, opioid injection poses considerable risk for contracting HIV 
and could lead to higher mortality.8 

	♦ We find no positive relationship 
between opioid mortality and HIV 
mortality. Instead, from 1999 to 
2018, HIV mortality rates in the 
United States declined while opi-
oid mortality rates increased. 

	♦ Across our period of analysis, HIV 
mortality rates remained lower in 
rural noncore areas compared to 
metropolitan areas. 

	♦ Across categories of race/ethnic-
ity, sex, and census regions, the 
highest rates of HIV mortality 
occurred in large central metropol-
itan areas. However, these areas 
made considerable progress in 
reducing HIV mortality over the 
past two decades.

	♦ From 1999 to 2018, opioid mortal-
ity rose steadily across all levels of 
rurality, with the highest mortal-
ity rates occurring among men, 
Whites, and individuals living in 
the Northeast and Midwest census 
regions.

	♦ Even though rural opioid mortal-
ity rates were lower than those 
of urban areas during most of the 
study period, the most drastic in-
creases in opioid-related mortality 
occurred in micropolitan, noncore, 
and small metropolitan areas. 
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	 Existing research also suggests that rural commu-
nities may be at particular risk for opioid use and HIV in-
fection due to a number of factors. Injection drug use has 
been found to contribute to new HIV diagnoses at higher 
rates in rural settings than in urban settings.2 In addition, 
rural individuals are more likely to inject both prescription 
and non-prescription opioids.9-10 Critically, HIV infection 
in rural areas appears to be related to worse health out-
comes. Rural individuals with HIV are more likely to be-
gin care with more advanced disease states, more likely to 
progress to acquired immunodeficiency syndrome (AIDS) 
within one year of diagnosis, and have higher mortality 
compared to urban individuals.2;11

	 Despite significant research exploring potential 
linkages in the relationship between HIV and opioids, 
significant questions remain. Most importantly, how has 
mortality from HIV and opioids changed over time in 
rural and urban areas? The results presented in this policy 
brief answer this question by studying mortality rates from 
opioids and HIV over an extended period of time in rural 
and urban areas of the U.S. 

Methods

	 To study trends in opioid- and HIV-related mor-
tality over time in rural and urban areas, this policy brief 
relies on mortality data (1999-2018) obtained through the 
CDC WONDER database.12 This database captures cause 
of death data from death certificates of U.S. residents and 
includes both the primary underlying cause of death and 
up to 20 additional (multiple) causes of death. Opioid 
overdose deaths were defined as those with an underlying 
cause of death related to poisoning, (International Statis-
tical Classification of Diseases, 10th Revision [ICD-10] 
codes X40-X44, X60-64, X85, and Y10-Y14) and a multi-
ple cause of death code related to an opioid (ICD-10 codes 
T40.0-T40.4 and T40.6). HIV-related deaths were defined 
as those for which the underlying cause was determined to 

be HIV infection, as indicated by ICD-10 codes B20-B24. 
Notably, codes B20-24 include individuals with AIDS, the 
most severe phase of HIV infection.19-21, †  Age-adjusted 
mortality rates per 100,000 population were generated by 
CDC WONDER using the 2000 U.S. standard popula-
tion.††

	 We present trends in mortality rates across the 
rural-urban continuum using the 2013 National Center 
for Health Statistics (NCHS) Urban-Rural classification 
scheme for counties which, based on population, classi-
fies all U.S. counties and county equivalents into one of 
the following six levels of rurality -  large central metro-
politan, large fringe metropolitan, medium metropolitan, 
small metropolitan, micropolitan, and noncore.13 In this 
classification scheme, micropolitian and noncore areas are 
considered rural while the other four categories are con-
sidered urban. We merged mortality rates for noncore and 
micropolitan categories in cases where examining each 
category separately would have resulted in suppressed 
data due to low counts. In such cases, micropolitan and 
noncore categories were labeled as “non-metropolitan”. 
We highlight differences in opioid and HIV-related mor-
tality across these levels of rurality overall and by sex, 
race/ethnicity (Black, Hispanic, White), and census region 
(Northeast, Midwest, South, West). All figures depicting 
trends over time were generated using Stata Statistical 
Software, Release 16.

Statistical analysis

	 We examine the correlation between opioid and 
HIV mortality rates for each level of rurality. To compare 
trends in mortality across groups, we used the Joinpoint 
Regression Program to estimate the average annual per-
cent changes (AAPCs) in opioid & HIV mortality rates 
from 1999 to 2018.14 The AAPC is a summary measure of 
the trend over a fixed time period.15 The AAPC is a single 
number used to describe the average rate of change over a 
period of multiple years. 

†    HIV progresses through three stages from acute HIV infection, to chronic HIV infection, to AIDS. AIDS is the most severe phase of HIV 
infection and individuals receive an “AIDS diagnosis when their CD4 cell count drops below 200 cells/mm, or if they develop certain opportu-
nistic infections.”19 
††  We do not look at the combination of mortality from both causes of death in this analysis because the sample size from the combined causes 
of death was too small to be analyzed across levels of rurality due to data suppression issues. 
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Results

	 From 1999 to 2018, there 
were a total of 446,032 deaths 
related to opioid poisonings and 
200,605 HIV-related deaths. 
Figure 1 shows overall trends in 
age-adjusted mortality rates for 
HIV and opioid poisonings from 
1999 to 2018. Deaths from opioid 
poisonings increased significantly 
over the study period, from 2.9 
per 100,000 in 1999 to 14.6 per 
100,000 in 2018, resulting in an 
average annual increase of 9.2 
percent (AAPC=9.2, 95% CI=7.6, 
10.8). Alternatively, HIV mortal-
ity rates significantly decreased 
over time, from 5.3 per 100,000 in 
1999 to 1.5 per 100,000 in 2018, 
an average annual decrease of 6.3 
percent (AAPC=-6.3, 95% CI=-
6.9, -5.7). 

	 Figure 2 presents trends 
in HIV and opioid mortality over 
time and across levels of rurality. 
While HIV mortality rates signifi-
cantly declined across all rural-
ity levels over the study period, 
opioid mortality rates steadily 
increased across all rurality levels 
for most of the study period, with 
rates only beginning to decline in 
2018. Urban-rural differences in 
HIV mortality rates narrowed over 
time, whereas urban-rural differ-
ences in opioid mortality rates 
widened over the study period.  
HIV mortality rates were con-
sistently highest in large central 
metropolitan areas and generally 
lowest in rural (micropolitan & 
noncore) areas over the study 

Figure 1. Opioid & HIV Mortality in the United States, 1999-2018

Figure 2. Opioid & HIV Mortality by Rurality, 1999-2018
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period. Urban-rural trends in opioid mortality were less 
consistent, with the highest rates fluctuating between 
urban and rural areas depending on the year. The rate of 
change in opioid and HIV mortality rates also differed 
by rurality. For HIV, the largest decline in mortality 
rates occurred among large central metropolitan areas 
(AAPC -7.5, 95% CI=-8.5, -6.1), followed by large 
fringe metropolitan areas. For opioid mortality rates, the 
largest percent increases occurred in micropolitan areas 
(AAPC=11.6, 95% CI=10.1, 13.2), followed by small 
metropolitan and noncore areas.

	 Figure 3 presents urban-rural trends in opioid 
mortality by sex. Males had higher opioid mortality rates 
and greater variation across levels of rurality than their 
female counterparts. Opioid mortality rates increased sig-
nificantly and across all rurality levels for both sexes from 
1999 to 2018, with the greatest increases occurring among 
females living in micropolitan areas (AAPC=13.2, 95% 
CI= 11.0, 15.4), and the second greatest increases happen-
ing in noncore areas.

Figure 3. Opioid Mortality by Sex, 1999-2018
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	 Figure 4 shows opioid mortality trends 
by race/ethnicity and across levels of rurality. 
In general, opioid mortality rates were highest 
among Whites, followed by Blacks, and lowest 
in Hispanics. While urban-rural disparities were 
largest among Blacks, opioid mortality rates in-
creased across all racial/ethnic groups and levels 
of rurality, with the largest increases occurring 
among Blacks living in nonmetropolitan areas 
(AAPC=13.10, 95% CI=11.3, 14.8).

*Note: We combined mortality rates for noncore and micropolitan cat-
egories in cases where examining each category separately would have 
resulted in suppressed data due to low counts. In such cases, micropo-
litan and noncore categories were labeled as “nonmetro.” In Figure 4, 
nonmetro is used in place of micropolitan and noncore categories for 
Hispanics and Blacks.  

Figure 4. Opioid Mortality by Race/Ethnicity, 1999-2018
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	 Figure 5 presents trends in opioid mortality 
across levels of rurality by census region. Overall, opioid 
mortality rates were highest in the Northeast and lowest 
in the West. Urban-rural differences in opioid mortality 
rates were most pronounced in the Midwest. From 1999 
to 2018, opioid mortality rates increased faster in rural 

* Note: We combined mortality rates for noncore and micropolitan categories in cases where examining 
each category separately would have resulted in suppressed data due to low counts. In such cases, mic-
ropolitan and noncore categories were labeled as “nonmetro.” In Figure 5, nonmetro is used in place of 
micropolitan and noncore categories for the Northeast. 

(noncore and micropolitan) areas than urban areas for 
all regions except for the South. Notably, the greatest 
increases in opioid mortality occurred in the Midwest, 
specifically within micropolitan areas – with an average 
annual increase of 16.5 percent per year from 1999 to 
2018 (AAPC=16.5, 95% CI=11.6. 21.5).

Figure 5. Opioid Mortality by Census Region, 1999-2018
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	 Figure 6 presents urban-rural trends in HIV mor-
tality by sex. Males had higher HIV mortality rates with 
greater variation across levels of rurality than females. 
Mortality rates decreased significantly across all levels 
of rurality for both males and females for HIV, with the 
largest declines occurring among males in large central 
metropolitan areas (AAPC=-7.6, 95% CI= -8.6, -6.6). 

Figure 6. HIV Mortality by Sex, 1999-2018
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	 Figure 7 shows HIV mortality trends 
by race/ethnicity and across levels of rurality. 
HIV mortality rates were generally highest 
among Blacks, followed by Hispanics, and 
lowest among Whites. Mortality rates were 
highest in large central metropolitan areas 
for all race/ethnic groups, but urban-rural 
disparities were most striking among Blacks. 
Declines in HIV mortality occurred across 
all racial groups and rurality levels, with the 
greatest average annual decreases occurring 
among Hispanics residing in large central met-
ropolitan areas (AAPC=-8.5, 95% CI=-9.1, 
-7.9). 

*Note: We combined mortality rates for noncore and micropolitan cat-
egories in cases where examining each category separately would have 
resulted in suppressed data due to low counts. In such cases, micropolitan 
and noncore categories were labeled as “nonmetro.” In Figure 7, nonmetro 
is used in place of micropolitan and noncore categories for Hispanics. 

Figure 7. HIV Mortality by Race/Ethnicity, 1999-2018
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	 Figure 8 presents HIV mortality trends across 
levels of rurality by census region. In general, HIV mor-
tality rates were highest in the South, and lowest in the 
West. Urban-rural gaps in HIV mortality rates were largest 
in the Northeast. HIV mortality rates decreased more in 
urban areas for all census regions, with the greatest an-
nual declines occuring in large central metro areas of the 
Northeast (AAPC=-9.40, 95% CI=-9.9, -9.0).

* Note: We combined mortality rates for noncore and micropolitan categories in cases where examining 
each category separately would have resulted in suppressed data due to low counts. In such cases, mic-
ropolitan and noncore categories were labeled as “nonmetro.” In Figure 8 nonmetro is used in place of 
micropolitan and noncore categories for the Northeast and West census regions. 

Figure 8. HIV Mortality by Census Region, 1999-2018
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Discussion

	 By analyzing mortality data for opioids and HIV 
from 1999 to 2018, using the CDC WONDER mortality 
database, this policy brief provides important information 
about the possible relationship between the two outcomes 
over time across levels of rurality. Our results show a 
consistent decline in HIV mortality rates over time and a 
troubling rise in deaths from opioids across our period of 
analysis. 

	 When analyzing HIV and opioid deaths across 
levels of rurality, it generally appears that rural areas have 
had lower mortality rates than their urban counterparts. 
For HIV, the noncore regions had the lowest mortality 
rate for most of the study period. For opioids, the non-
core regions had the lowest mortality rate during the early 
years of the study period, switched to having the highest 
mortality rate in 2010 and 2011, and returned to having 
the lowest mortality rate by the end of the study period. 
Large central metropolitan areas are of particular note 
when studying HIV. Residents in these areas experienced 
considerably higher mortality rates at the start of the study 
period and have made substantial progress in reducing that 
mortality rate over the past two decades – driven in large 
part by declining mortality for HIV among Blacks and 
men in large central metropolitan areas. Notably, however, 
HIV mortality in large central metropolitan areas is still 
higher than for any other level of urbanization. 

	 Other differences across levels of rurality stand out 
as well. For example, when analyzing differences across 
levels of rurality by race, we see that opioid mortality 
rates are highest for Whites in large fringe metropolitan 
areas and medium metropolitan areas, but highest for 
Blacks in large central metropolitan areas. In contrast, 
when studying HIV mortality by race, we can see that for 
all races/ethnicities studied rates were highest in large 
central metropolitan areas, with the greatest decreases in 
mortality seen across all levels of rurality for Blacks. Fi-
nally, when studying mortality across levels of rurality by 
region, we can see that opioid mortality appears to have 
gotten worse over time everywhere, but especially in the 
Northeast and Midwest. In comparison for HIV, the largest 

improvements were seen in large central metropolitan 
areas of the Northeast and South. 

Implications

	 While the media has highlighted alarming exam-
ples of the injection of opioids leading to HIV outbreaks 
over the past few years, our results do not find evidence of 
a positive association or relationship between HIV mortal-
ity and opioid mortality over time from a national perspec-
tive. Instead, it appears that the U.S. made considerable 
strides in reducing HIV mortality even as opioid use and 
abuse grew and resulted in increased opioid mortality. 
Importantly, mortality is an imperfect measure to use in 
studying the relationship between opioids and HIV. As 
treatment for HIV has increased and improved over the 
past few decades, life expectancy has risen dramatically.17 

Therefore, even if the acceleration of the opioid epidemic 
in recent years has increased HIV rates, it may not yet 
have manifested in increased mortality. With that said, our 
extended period of analysis of national data does suggest 
that the two trends are not positively correlated historical-
ly. Additional research is needed to look at the relationship 
between HIV and opioids in rural and urban America out-
side the mortality context. Potentially fruitful avenues for 
investigation include studies of disease burden and hospi-
talization. Furthermore, research in future decades should 
continue to evaluate the trends presented here to explore 
whether the growth in the opioid epidemic eventually 
becomes associated with changes in HIV-related mortality. 

	 Our research also points to the need for targeted 
interventions to further reduce mortality rates from HIV 
and opioids. For HIV, while important strides have been 
made in reducing mortality in large central metropolitan 
areas, further improvements are warranted. Efforts could 
include continuing programs that have helped to success-
fully lower the mortality rate in large central metropoli-
tans to this point, as well as targeting subpopulations who 
continue to have the highest mortality rates in large central 
metropolitan areas –i.e. men and Blacks. For opioids, 
continued efforts are needed across the urban-rural spec-
trum to combat the epidemic. This includes continued 
investment in research, efforts to educate doctors and the 
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public about the dangers of prescription opioids, the use 
of medication assisted therapy, and improved access to 
affordable drug rehabilitation. These efforts are particular-
ly important in light of new evidence suggesting that the 
COVID-19 pandemic has increased opioid-related mortal-
ity in 2020.18  

Limitations

	 There are several limitations to this research. In 
cases where the death count for a particular measure of 
interest (i.e., HIV mortality for noncore Midwest residents 
in 2015) is below 20, the CDC WONDER considers that 
data to be unreliable. In our analysis, three values were 
considered to be unreliable by the WONDER: HIV mor-
tality for the Northeast noncore and micropolitan areas in 
2015, HIV mortality for Hispanics in small metropolitan 
areas in 2016, and opioid mortality for Blacks in noncore 
areas in 1999.† † † Given the unreliable nature of these indi-
vidual estimates, they should be interpreted with caution 
and in relation to reliable rates in years before and after 
the years in question. In addition, even if the opioid epi-
demic is increasing rates of HIV, those changes may not 
manifest in our data yet given our focus on mortality and 
the growing life expectancy for HIV over time. 

† † †   Even after combining noncore and micropolitan areas into a non-metropolitan category, data were still suppressed for HIV mortality in 
non-metropolitan areas in the northeast for 2015 and for opioid mortality for blacks in non-metropolitan areas in 1999.
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