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Abstract

In the United States, the all-cause mortality rate among persons living with diagnosed HIV infection (PLWH) is almost
twice as high as among the general population. We aimed to identify amendable factors that state public health programs
can influence to reduce mortality among PLWH. Using generalized estimating equations (GEE), we estimated age—group-
specific models (24-34, 35-54, > 55 years) to assess the association between state-level mortality rates among PLWH dur-
ing 2010-2014 (National HIV Surveillance System) and amendable factors (percentage of Ryan White HIV/AIDS Program
(RWHAP) clients with viral suppression, percentage of residents with healthcare coverage, state-enacted anti-discrimination
laws index) while controlling for sociodemographic nonamendable factors. Controlling for nonamendable factors, states with
5% higher viral suppression among RWHAP clients had a 3-5% lower mortality rates across all age groups [adjusted Risk
Ratio (aRR): 0.95, 95% Confidence Interval (CI): 0.92-0.99 for 24-34 years, aRR: 0.97, 95%CI: 0.94-0.99 for 35-54 years,
aRR: 0.96, 95%CI: 0.94-0.99 for > 55 years]; states with 5% higher health care coverage had 4—11% lower mortality rate
among older age groups (aRR: 0.96, 95%CI: 0.93-0.99 for 34-54 years; aRR: 0.89, 95%CI: 0.81-0.97 for > 55 years); and
having laws that address one additional area of anti-discrimination was associated with a 2-3% lower mortality rate among
older age groups (aRR: 0.98, 95%CI: 0.95-1.00 for 34—54 years; aRR: 0.97, 95%CI: 0.94-0.99 for > 55 years). The mortality
rate among PLWH was lower in states with higher levels of residents with healthcare coverage, anti-discrimination laws, and
viral suppression among RWHAP clients. States can influence these factors through programs and policies.
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Vermont to 3.6 per 100 PLWH in Idaho [5]. Although states
receive federal support to implement programs that promote
early diagnosis of HIV infection, link PLWH to medical care,
fund HIV medical care and treatment, and provide a system
of care that supports engagement in healthcare and improved
health, additional action may be needed to address the state-
level factors affecting mortality among PLWH [6].

Factors that impact access to, and use of, medical care may
contribute to the variation in state mortality rates. Previous
studies identified rural residence, black or Hispanic race/eth-
nicity, lower income, history of injection drug use, and living
in the Southern region of the United States as factors associ-
ated with higher mortality rates [1, 7-11].

The reason for higher mortality rates among PLWH in the
South [12] are unclear but may be related to higher rates of
poverty and lower rates of health care coverage [13]. Other fac-
tors that are difficult to measure, such as racism, HIV-related
stigma, or discrimination associated with sexual orientation
and gender identity, may also affect mortality rates among
PLWH in the South. Laws that protect the rights of all indi-
viduals regardless of sexual orientation and gender identity
(anti-discrimination laws) could be associated with lower mor-
tality among PLWH. A community-level study found that for a
sexual minority living in high-prejudice area were more likely
to have a shorter life span [14].

The purpose of our study was to identify factors associated
with state mortality rates among PLWH that state public health
programs can influence (amendable factors), such as health
care coverage, viral suppression rates, and anti-discrimination
laws. We considered these factors amendable because states
can directly affect them by changing policies or providing
services. For example, states can expand healthcare coverage
through changes in health insurance or Medicaid policies that
would increase access to health care, or pass laws that would
protect the rights of all individuals regardless of sexual orien-
tation or gender identity. States also provide direct services to
people living with HIV through the Health Resources and Ser-
vices Administration’s Ryan White HIV/AIDS Program that
can be evaluated and improved to increase viral suppression
among persons served by this program. We also assessed if
living in a southern state was associated with higher mortality
after adjusting for other amendable and nonamendable (race/
ethnicity among PLWH, poverty, region, education) factors
to assess whether there continued to be unmeasured factors
resulting in higher mortality rates among PLWH in the South
compared with other regions.

Methods

We created an analytic data set of state-level aggre-
gate data on state-enacted anti-discrimination laws
(Human Rights Campaign), data from the National HIV
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Surveillance System (NHSS), Ryan White HIV/AIDS Pro-
gram Services Report (RSR), and American Community
Survey for years 2010-2014 [5, 15-18]. State all-cause
mortality rates among PLWH (National Vital Statistics),
state all-cause mortality rates among the overall popu-
lation [19], and state-level clinical, socioeconomic, and
demographic amendable and nonamendable variables are
described in Table 1. Amendable factors are those that
state public health programs can influence.

The Ryan White HIV/AIDS Program (RWHAP) pro-
vides primary medical care and essential support services
to over half a million low-income PLWH who have no
healthcare coverage, are underserved, or lack financial
resources to access the HIV care and treatment they need
[16]. We used RWHAP viral suppression data as a proxy
for viral suppression among all PLWH in care living in
a state because not all states have complete reporting of
laboratory data from which NHSS viral suppression rates
are calculated for all PLWH [5]. A comparison of viral
suppression rates among RWHAP clients and among all
PLWH in care for the states where both rates were availa-
ble found the average difference was 2.8 percentage points
(pp) higher among RWHAP Clients, ranging from — 17.1
to 39.8 pp (Supplemental Data Table 1). The percent-
age of states with absolute differences greater than 10 pp
decreased from 2010 (32%) to 2014 (16%) indicating the
differences may decrease as reporting of laboratory results
to NHSS becomes more complete.

Cause of death varies by age in the general population; the
leading cause of death in 2015 among 25 to 34 year olds was
accidents (38.4%), while the leading cause of death among
those aged 55-64 years was malignant neoplasms (32.5%)
[19]. Therefore, mortality rates and covariates were strati-
fied by age group when available (25-34 years, 35-54 years,
and > 55 years, typically used by NHSS and ACS) [5, 17].
Rural residence was not available by age group, and age
group is not applicable for the anti-discrimination laws index
and South region variables; therefore, the same values for
rural residence, anti-discrimination laws index and South
region were used for each age group. The education variable
was available only for age groups 25-34 years, 35-64 years,
and > 65 years; these values were applied to the 25-34 year,
35-54 year, and > 55 year age groups, respectively.

We conducted descriptive analyses to inspect possible
associations between both amendable and nonamendable
factors, and state mortality rates. States were divided into
quartiles based upon the average mortality rate among
PLWH from 2010-2014, and average state-level amendable
and nonamendable factors for the same time period are pre-
sented. We also present state-level mortality rates among the
general population and among PLWH to examine similari-
ties between the two outcomes, and to consider the implica-
tions the similarites may have on interpreting this analysis.
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Table 1 (continued)

&

Poverty levels were defined by the Census Bureau, which

Definition

American Community Survey

Data source

Poverty: Percentage of the population living below the federal

Variable

Springer

uses a set of income thresholds that vary by family size and

poverty level

composition to determine who is in poverty. If a family’s total

income is less than the family’s threshold, then that family and
every individual in it is considered in poverty. The number

of persons in poverty was divided by the estimated total state

population.

Alabama, Arkansas, Delaware, District of Columbia, Florida,

US Census Bureau

South

Georgia, Kentucky, Louisiana, Maryland, Mississippi, North

Carolina, Oklahoma, South Carolina, Tennessee, Texas,

Virginia, and West Virginia are categorized into the southern
region by the US Census Bureau and assigned a 1, all other

states assigned 0.
The number of PLWH who are MSM divided by the number of

NHSS, extracted from NCHHSTP AtlasPlus in April 2017

MSM PLWH: Percentage of PLWH who are men who have

all PLWH
The number of PLWH who are black/African American divided

sex with men
Black PLWH: Percentage of PLWH who are black/African

NHSS, extracted from NCHHSTP AtlasPlus in April 2017

by the number of all PLWH
The number of PLWH who are Hispanic/Latino divided by the

American
Hispanic/Latino PLWH: Percentage of PLWH who are His-

NHSS, extracted from NCHHSTP AtlasPlus in April 2017

number of all PLWH

panic/Latino

To identify state-level factors associated with mortality
among PLWH, we applied GEE models, (SAS, version 9.3,
GENMOD procedure) with a robust Poisson distribution
and exchangeable correlation structure. Number of people
living with HIV was included as an offset to account for
the variation in prevalence between states. All years, for
each state, were included in the model. Separate models
were run for each age group. Empirical (robust) standard
errors/confidence intervals were applied, accounting for
the lack of independence between multiple observations
for each state over time. Model 1 included the follow-
ing nonamendable variables: year, rural residence, pov-
erty, education, percentage of PLWH who are men who
have sex with men (MSM), percentage of PLWH who are
black/African American, and percentage of PLWH who
are Hispanic/Latino. Model 2 included the variables from
Model 1 and added the amendable variables: health care
coverage, RWHAP clients with viral suppression, and
anti-discrimination law index. We also assessed whether
viral suppression mediated the relationship between health
insurance and mortality. Model 3 included the variables
from Model 2 and added the South variable to account for
unmeasurable factors (e.g., population and social inequi-
ties) that may be associated with higher mortality rates
among PLWH in the South compared with other regions.
All independent variables that represented a percentage
were modeled to estimate the rate ratio for 5% change in
the covariate.

Results

The all-cause mortality rate per 100,000 people in the gen-
eral population for 2014 varied by region and state (Fig. 1).
States in the South accounted for 7 of 12 states (58%) in
the highest quartile. The mortality rate per 100,000 PLWH
also varied by region and state (Fig. 2). States in the South
accounted for 8 of 12 states (67%) in the highest quartile.
Five states, Alabama, Arkansas, Mississippi, Oklahoma, and
West Virginia, in the South were in the top quartile for mor-
tality rates in both the general population and among PLWH.

During 2010-2014, the mortality rate among PLWH
varied by age group. Among PLWH aged 25-34 years, the
average within-quartile mortality rate per 100 PLWH ranged
from 0.5 to 1.4; among PLWH aged 35-54 years, the average
within-quartile mortality rate per 100 PLWH ranged from
1.2 to 2.1; and among PLWH aged > 55 years, the average
within-quartile mortality rate per 100 PLWH ranged from
2.4 to 4.2 (Table 2a—c).

The nonamendable factors that were associated with mor-
tality rates among PLWH (Model 1) varied by age group
(Table 3a—c). Year was significantly associated with mor-
tality rates among PLWH indicating decreasing mortality
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Fig. 1 Rates of death from any
cause per 100,000 persons, by
state (n=51), National Vital
Statistics, 2014

rates over time for all age groups. Higher poverty was sig-
nificantly associated with higher mortality, and a higher per-
centage of PLWH who are MSM was significantly associ-
ated with lower mortality rates for the 25-34 and 35-54 year
age groups. Other nonamendable factors were significant
for only one age group: states with higher percentage of
residents with less than a high school education had higher
mortality for the 25-34 year age group; states with higher
percentage of PLWH who are Hispanic/Latino had lower
mortality for the 35-54 year age group. Other than year,
no other nonamendable factors were associated with state
mortality rates for the >55 years age group (Model 1).
Amendable factors tested for their association with mor-
tality rate among PLWH (Model 2) were the percentage of
RWHAP clients with viral suppression, health care coverage,
and the anti-discrimination laws index. No other amendable
factors were tested. When amendable factors were added
to the model, the percentage of RWHAP clients with viral
suppression was significantly associated with mortality for
all age groups. States with 5% higher percentage of RWHAP
clients with viral suppression were associated with 5, 3, and
4% lower mortality rates in the 25-34 year age group (aRR:
0.95, 95% CI: 0.92-0.99), 35-54 year age group (aRR: 0.97,
95% CI: 0.94-0.99), and > 55 year age group (aRR: 0.96,
95% CI: 0.94-0.99), respectively. States with 5% higher
health care coverage were associated with 4% and 11% lower
mortality rates in the 35-54 year age group (aRR: 0.96, 95%
CI: 0.93-0.99) and > 55 year age group (aRR: 0.89, 95%
CI: 0.81-0.97), respectively. The association between health
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<
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Data classified by quarties

insurance and mortality was not mediated by viral suppres-
sion for any age group. When viral suppression was removed
from model 2 the effect size for health insurance was similar
(<0.05% change) and still non-significant for 25-34 year
and remained significant for 35-54 year and > 55 year age
groups. Having laws that address one additional area of anti-
discrimination was associated with a 2% and 3% lower mor-
tality rates in the 35-54 year age group (aRR: 0.98, 95% CI:
0.95-0.99) and > 55 year age group (aRR: 0.97, 95% CI:
0.94-0.99), respectively.

When the South was added to the model (Model 3),
there was no statistically significant association between
the South and the mortality rate among PLWH for any age
group (aRR: 0.93,95% CI: 0.82-1.06 for 25-34 years; 1.02,
95% CI: 0.88—1.18 for 35-54 years; 1.07, 95% CI: 0.96-1.20
for> 55 years).

Discussion

This analysis documents associations between lower state-
level mortality rates among PLWH and health care coverage,
enacted laws that protect against discrimination associated
with sexual orientation and gender identity, and viral sup-
pression among RWHAP clients. However, some findings
varied by age group, indicating that some strategies to lower
all-cause mortality may affect age groups differently. Lastly,
being a Southern state was not associated with state-level
mortality rate for any age group.

@ Springer
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Fig.2 Rates of death from
any cause per 100,000 persons
living with diagnosed HIV
infection, by state (n=51),
NHSS, 2014

Higher levels of health care coverage in a state were asso-
ciated with significantly lower mortality rates among PLWH
aged 35-54 and > 55 years. These findings emphasize the
importance of healthcare coverage and support programs
to increase access to HIV care and treatment and reduce
mortality, particularly among people aged > 55 years, where
mortality was 11% lower with a 5% increase in state-level
health care coverage. The lack of a statistically significant
association between health care coverage and mortal-
ity for the younger age group (25-34 years) may suggest
that healthcare coverage alone is insufficient to help young
PLWH achieve optimal health outcomes. A previous study
found that viral suppression was lower among younger
compared with older PLWH who died in 2012 but that a
higher percentage of young persons who died received HIV
care; this suggests that HIV care alone may not be enough
among the young [20]. Another possible explanation is the
low variability in mortality in this age-group. Viral suppres-
sion did not mediate the relationship between health care
coverage and mortality, which may be due to the inclusion
of non-HIV-related mortality among PLWH. Lower mortal-
ity rates among MSM living with diagnosed HIV who are
aged <55 years may be due to a higher portion of MSM
being virally suppressed [5]. Health outcomes among young
PLWH may be improved through better medication adher-
ence and access to other types of supportive services such
as mental health and substance use treatment and peer sup-
port. The comprehensive system of care provided by the
RWHAP is an important source of access to these essential

@ Springer
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support services. Additional investigations are needed to bet-
ter understand how to reduce all-cause mortality among this
young age group, in addition to HIV care.

A higher number of state-enacted laws that protect against
discrimination related to sexual orientation and gender iden-
tity was associated with significantly lower mortality rates
among PLWH aged 35-54 and > 55 years. Our findings are
consistent with a previous study that found sexual minorities
living in communities with high levels of anti-gay prejudice
experienced a higher mortality than those living in low-prej-
udice communities [14]. The lack of significant association
among PLWH aged 25-34 years may be an artifact due to
less state variation in mortality in this age group or it could
be that discrimination affects persons differently depending
upon their age. Older adults may experience more discrimi-
nation associated with sexual orientation and gender identity
than younger adults, either currently or accumulated over
their lives, which included periods of time wherein widely
held social attitudes were highly stigmatizing. Compared
with adults aged <30 years, those aged 30-54 years were
16 times as likely to conceal their sexual orientation and
those aged > 55 years were 83 times as likely to do so in the
2008 General Social Survey [21]. Older persons’ unwilling-
ness to disclose their sexual orientation and gender iden-
tity may reflect higher experienced lifetime discrimination
and more internalized stigma. Other laws that may increase
discrimination, such as HIV criminalization laws, were not
included in this study and may have a differential impact on
discrimination and mortality by age groups. State Medicaid
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Table 2 (continued)

(5

Q4 (n=12)
42(3.7-6.4)

Q3 (n=12)
3.5(3.3-3.6)

Q2 (n=13)
3.0 (2.7-3.2)

Ql (n=14)
2.4 (1.1-2.7)

Average mortality rate per 100 PLWH (range)

C. PLWH aged 55 years and older

Springer

Min Max Mean % Min Max Mean % Min Max Mean % Min Max

Mean %

97.5 93.7 90.8 97

96.8 93.2 87.6

89.3

90.5 98.5 94.3

75

94.7

Percentage of population with health care coverage®

100

62.2

97.1 83.5

66.7

85.5
0.9

100

72.9

87.2
22

97.8

89.1
2.4

Percentage RWHAP viral suppression®

Anti-discrimination laws index (0—4)

South

10/12

3/12

1/13

2/14

PLWH Persons living with HIV infection, RWHAP Ryan White HIV/AIDS Program

#2010 only

bAge groups—25-34; 35-54; 55 + years
“Age groups—25-34; 35-64; 65 + years

coverage was not included in the analysis due to collinearity
with percentage of RWHAP clients virally suppressed and
state ADAP waiting lists did not provide additional informa-
tion to the model.

States with higher levels of viral suppression among cli-
ents who receive RWHAP services were significantly and
consistently associated with lower mortality rates, regard-
less of age, among PLWH. This finding is not surprising
given the increase in life expectancy from the use of ART
[22]. The RWHAP provides HIV primary medical care,
treatment, and support services to more than 50% of PLWH
in the United States, particularly those who are uninsured
or underserved [23]. The RWHAP comprehensive system
of care and treatment has an impact on reducing mortality
among PLWH, but does not reach all PLWH.

Lastly, states in the South account for a higher percent-
age of states in the highest quartile for all-cause mortal-
ity and mortality among PLWH than other regions. Being
a southern state was not associated with higher mortality
rates among PLWH after adjustment for other amendable
and nonamendable variables. This finding indicates that the
variables included in this analysis accounted for the regional
variation in mortality rates among PLWH. More analyses
examining unmeasured factors unique to the south may be
needed.

Limitations

We were not able to analyze factors associated with mor-
tality rates among PLWH aged 13-24 years due to a small
number of deaths in this age group. Therefore, the interpre-
tation of our results is limited to adult PLWH aged 25 years
and older. Additionally, the RWHAP provides services to
approximately half of PLWH each year, and only to low
income people; therefore, our viral suppression variable may
not be representative of viral suppression for all PLWH in
care in the United States. However, we compared state-level
viral suppression rates for RWHAP clients and all PLWH
in care when available and found the RWHAP viral sup-
pression rates were a good proxy for the majority of states
and the only source of viral suppression information for all
states across the analysis time period. This ecological analy-
sis only addresses associations between state-level mortality
and amendable characteristics and does not infer causality.
In addition, the mortality rates include all deaths to per-
sons living with HIV infection regardless of whether the
HIV infection caused the death. Higher rates of substance
abuse, domestic violence and suicide among persons living
with HIV compared with the general population [24-26]
may contribute to higher all-cause mortality and were not
accounted for in this analysis. The most common causes of
death also vary by age (e.g. deaths related to chronic disease
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Table 3 Multivariable models of the effects of state-level demographic, insurance, stigma and HIV care characteristics on mortality, by age

group, 2010-2014

Independent variables Model 1 Model 2 Model 3
Nonamendable Amendable Region
Rate ratio 95% CI Rate ratio 95% CI Rate ratio 95% CI
A. 25-34 years (n=51)
Year 0.97 0.94-0.99 1.00 0.96-1.03 1.00 0.96-1.04
% Of population living in rural area® ¢ 1.00 0.98-1.03 1.02 0.99-1.05 1.02 0.99-1.05
% Of population living below federal poverty level>¢  1.21 1.10-1.33 1.12 1.01-1.24 1.10 0.98-1.24
% Of population with <high school education®: ¢ 1.20 1.04-1.38 1.06 0.89-1.27 1.09 0.92-1.29
% Of HIV-diagnosed pop. MSM™ ¢ 0.93 0.92-0.95 0.95 0.93-0.98 0.95 0.92-0.97
% Of HIV-diagnosed pop. Black/AA® ¢ 1.00 0.98-1.03 1.00 0.98-1.02 1.00 0.98-1.03
% Of HIV-diagnosed pop. Hispanic/Latino™ ¢ 0.97 0.92-1.02 0.97 0.93-1.02 0.97 0.93-1.02
% Of population with health care coverage® ¢ 0.95 0.89-1.01 0.94 0.88-1.00
% RWHAP viral suppression® ¢ 0.95 0.92-0.99 0.96 0.93-0.99
Number of anti-discrimination laws (0—4) 0.99 0.95-1.02 0.99 0.95-1.02
South 0.93 0.82-1.06
B. 35-54 years (n=51)
Year 0.94 0.92-0.95 0.96 0.94-0.98 0.96 0.94-0.98
% Of population living in rural area® ¢ 1.00 1.00-1.01 1.00 1.00-1.00 1.00 1.00-1.00
% Of population living below federal poverty level™?  1.12 1.01-1.24 1.04 0.96-1.14 1.05 0.96-1.14
% Of population with < high school education® ¢ 1.12 0.99-1.27 1.10 1.01-1.20 1.09 1.004-1.19
% Of HIV-diagnosed pop. MSM™ ¢ 0.93 0.91-0.96  0.94 0.91-0.96  0.94 0.91-0.96
% Of HIV-diagnosed pop. Black/AA® ¢ 0.99 0.97-1.01 0.98 0.96-1.00 0.98 0.96-1.00
% Of HIV-diagnosed pop. Hispanic/Latino®™ ¢ 0.95 0.90-0.99 0.94 0.91-0.98 0.95 0.91-0.98
% Of population with health care coverage™ ¢ 0.96 0.93-0.99 0.97 0.92-1.01
% RWHAP viral suppression™ ¢ 0.97 0.94-0.99 0.97 0.94-0.99
Number of anti-discrimination laws (0—4) 0.98 0.95-0.999 0.98 0.96-0.998
South 1.02 0.88-1.18
C. 55 years and older (n=51)
Year 0.94 0.92-0.97 0.98 0.95-0.997 097 0.95-0.99
% Of population living in rural area® ¢ 1.00 1.00-1.01 1.00 1.00-1.01 1.00 1.00-1.01
% Of population living below federal poverty level>¢  1.02 0.80-1.29 0.98 0.82-1.16 0.96 0.80-1.15
% Of population with <high school education® ¢ 1.05 0.94-1.17 1.05 0.98-1.12 1.05 0.99-1.12
% Of HIV-diagnosed pop. MSM® ¢ 0.98 0.94-1.02 0.96 0.93-0.99 0.96 0.92-0.99
% Of HIV-diagnosed pop. Black/AA® ¢ 1.01 0.97-1.05 0.99 0.96-1.02 0.99 0.95-1.02
% Of HIV-diagnosed pop. Hispanic/Latino®™ ¢ 0.98 0.92-1.05 0.96 0.92-1.01 0.97 0.93-1.02
% Of population with health care coverage™ ¢ 0.89 0.81-0.97 0.91 0.83-1.01
% RWHAP viral suppression® ¢ 0.96 0.94-0.99 0.96 0.94-0.99
Number of anti-discrimination laws (0-4) 0.97 0.94-0.99 0.97 0.95-0.99
South 1.07 0.96-1.20

Bold text is significant at p <0.05

CI Confidence interval, RWHAP Ryan White HIV/AIDS Program

42010 only

bAge groups—25-34; 35-54; 55 + years
€Age groups—25-34; 35-64; 65 + years
4In increments of 5%
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are more likely in the older population while deaths related
to injury may be more likely in the younger population); [27]
this could explain the different findings by age group. Lastly,
some associations found might be affected by residual con-
founding that could not be accounted for.

Conclusion

States with higher levels of viral suppression among
RWHAP clients, health care coverage, and laws that protect
against discrimination associated with sexual orientation and
gender identity were associated with lower mortality rates
among PLWH. These factors are amendable should states
wish to explore how to reduce mortality among PLWH in
their jurisdictions. Future analyses could explore if changes
in amendable factors over time are associated with change
in mortality among PLWH.
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