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SUMMARY

We sought to estimate mortality and associated factors in HIV-hepatitis co-infected individuals
in Michigan using a retrospective cohort study. For the study period of 1 January 2006 to

31 December 2009, all HIV-infected individuals were matched to hepatitis B and C cases. In the
final Cox proportional hazards regression model, individuals of other [hazard ratio (HR) 2-2,
95% confidence interval (CI) 1-4-3-2] and black (HR 1-3, 95% CI 1:1-1-6) race had decreased
survival compared to white race. Similarly, injecting drug users (IDUs) (HR 2-1, 95% CI
1:6-2-6), men who have sex with men (MSM)/IDUs (HR 1-5, 95% CI 1-1-2-2), individuals with
undetermined risk (HR 1-5, 95% CI 1:2-1-9) and heterosexual practices (HR 14, 95% CI
1-1-1-8) had decreased survival compared to MSM. Additionally, an interaction was found
between current HIV status and co-infection. Mortality in HIV-hepatitis co-infected individuals
remains a continuing problem. Our study can help in planning interventions to reduce mortality
in HIV-infected individuals.
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INTRODUCTION the Michigan Department of Community Health
(MDCH), there are an estimated 19500 people cur-
rently living with HIV/AIDS in Michigan [3].
Hepatitis B virus (HBV) and hepatitis C virus
(HCV) co-infections are relatively common in indivi-
duals diagnosed with HIV/AIDS because of shared
transmission routes [4-6]. More importantly, these
co-infections have emerged as major contributors
to morbidity and mortality in HIV/AIDS patients

[71. However, the association between hepatitis

By the end of 2009, 33-3 million people were living
with HIV infection globally. There were 1-8 million
deaths due to HIV/AIDS in 2009 [1]. In the same
year, an estimated 1-2 million people were living
with AIDS in the USA while about 17000
AIDS-related deaths were reported [2]. According to
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co-infection and increased mortality has not been con-
sistently assessed. Studies conducted in USA [8] and
South Africa [9] did not show an association between


http://crossmark.crossref.org/dialog/?doi=10.1017/S0950268813003038&domain=pdf
https://doi.org/10.1017/S0950268813003038

2132 Z. A. Butt and others

such co-infection and mortality. Nonetheless, some
studies which did not identify an association between
HIV/HCYV infection and mortality did report an as-
sociation between AIDS and mortality [10, 11].

There is increasing evidence to support the associ-
ation between co-infection and increased liver-related
mortality. Studies conducted on HIV and HBV or
HCYV co-infections have identified a significant associ-
ation between these co-infections and liver-related
mortality [12-17] and some have also reported an
increased risk for all-cause mortality and co-infection
[15, 17].

Other studies focusing upon HBV and HCV
co-infection have reported an association between
co-infection and non-liver-related mortality. A de-
creased survival was reported in AIDS patients
co-infected with HBV or HCV [18]. The Swiss HIV
Cohort Study reported an increased progression to
new AIDS defining event and death in HIV-1-infected
patients with HCV co-infection [19]. HIV/HCV
co-infection in injecting drug users (IDUs) was also
identified as a significant contributor to mortality in
the highly active anti-retroviral therapy (HAART) era
[20]. HIV and HBV co-infected patients were also
found to have an increased risk of death after initia-
tion of HAART [21]. Another study on HIV/HCV
co-infected patients reported decreased duration of sur-
vival from time to diagnosis of HIV infection and AIDS
[22]. HIV/HCV co-infected veterans were at an in-
creased risk of death due to co-infection even after
controlling for exposure to HAART and response to
HAART [23]. The Danish Cohort Study found a sig-
nificantly increased overall mortality in addition to
mortality from liver-related and AIDS-related causes
in HIV/HCV co-infected [4] and HIV/HBYV co-infected
patients on HAART [5]. Another study also reported
an increased frequency of deaths in HIV/HBV and
HIV/HCV co-infected individuals [24]. HIV/HBV
co-infected patients in a multicentre cohort study
showed an increased mortality mainly attributed to
liver disease in spite of being on HAART, in addition
to an increased risk of AIDS-related death [25].
A meta-analysis on HIV/HBV co-infection reported
a significant effect of co-infection on overall mortality,
an association reported in studies conducted before and
after starting HAART [26]. A similar meta-analysis
on HIV/HCYV co-infection found an increased risk for
overall mortality in co-infected individuals during the
HAART era [27].

Although these studies have reported an increased
mortality in HIV-hepatitis co-infected individuals,
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other studies have noted no effect on mortality with
co-infection or have attributed mortality to mostly
liver-related causes. With the exception of a few
studies [4, 5, 19, 20, 23], most studies had smaller
sample sizes [9-11, 13, 17, 21, 22, 25], shorter duration
of follow-up [9] and focused mainly on hospital- or
clinic-based populations [8, 18, 22]. Therefore, the
objectives of our study were to estimate the mortality
and identify the factors associated with mortality in all
HIV-hepatitis co-infected individuals in the state of
Michigan using a statewide population-based surveil-
lance system.

METHODS

A retrospective cohort design was utilized in which
HIV/AIDS-infected individuals of all age groups re-
siding in Michigan during the period 1 January 2006
to 31 December 2009 were matched to hepatitis B
and hepatitis C cases from the same period [28]. The
HIV/AIDS data were obtained from the enhanced
HIV/AIDS Reporting System (¢eHARS) maintained
by the HIV/STD/VH/TB Epidemiology Section
whereas the hepatitis B and C data were obtained
from the Michigan Disease Surveillance System main-
tained by the Surveillance and Infectious Disease
Epidemiology Section of MDCH [28]. These datasets
were linked together to enable matching of hepatitis B
and C and HIV/AIDS cases to the same individual.
The linkage was performed by a single employee
using SAS software (SAS Institute Inc., USA) and uti-
lized a two-step process involving first probabilistic,
then deterministic linkages. Ultimately, broad link-
ages were made using last name soundex, first three
letters of the last name, as well as year of birth. For
those records linked, points were assigned based on
exact match of all parts of name and date of birth,
as well as sex and social security number if present.
Those links scoring less than 100% on all matching
variables were examined by hand to determine likeli-
ness of sameness.

Ethical approval for the study was obtained
from the institutional review board at Michigan
State University and MDCH. To safeguard the priv-
acy and confidentiality of the participants, an em-
ployee of the HIV/STD/VH/TB Epidemiology Section
performed the record linkage. Health Insurance
Portability and Accountability Act guidelines on pub-
lic health information were followed to de-identify
subjects included in the study. Information on a
number of socio-demographic characteristics and
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laboratory tests of the HIV/AIDS-infected individuals
was obtained. Independent variables included in the
analysis were sex, race, age at HIV diagnosis, current
HIV status (to December 2009), risk for transmission
of HIV, and a binary indicator for co-infection. An
HIV/AIDS individual was categorized as co-infected
if he/she had been concurrently infected with
confirmed HBV or HCV (acute and chronic) based
on the Centres for Disease Control and Prevention
(CDC) case definition [29] and residing in Michigan
during the years 2006-2009. The rationale for creating
the co-infection status variable was the fact that the
three diseases share similar routes of transmission
[30]. Any HIV/AIDS-infected individual who had a
diagnosis of acute or chronic hepatitis B or C before
2006 was not included in the study. The HIV/AIDS
case definition was based on the CDC’s 1993 revised
classification system of HIV [31].

Mortality was ascertained from vital records
by using the entry date as 1 January 2006 when
the study was started and 31 December 2010 the
date used when the study was concluded. Only
HIV/AIDS-hepatitis co-infected individuals that
were diagnosed during 20062009 and HIV/AIDS
not co-infected individuals were included in the ana-
lysis. To allow for additional time to follow-up, the
study was concluded in 2010 (4 years follow-up).
The duration of survival of the HIV/AIDS-hepatitis
co-infected individuals as well as the HIV/AIDS not
co-infected individuals was calculated from the time
(number of days) spent in the study until the date of
death. Those alive at the end of the study were con-
sidered censored.

The Kaplan—Meier method was utilized to con-
struct survival curves for the co-infected and not
co-infected groups. For comparison of survival curves
the log rank test was used. Cox proportional hazards
regression analysis was conducted to assess the associ-
ation of variables with mortality and results summar-
ized using hazard ratios (HRs) and the corresponding
95% confidence intervals (CIs). All possible interac-
tions were checked and entered into the final model
based on statistical significance or biological plausi-
bility. Statistical analyses were performed in SAS stat-
istical software version 9.2 (SAS Institute Inc.).

RESULTS

The total number of individuals infected with
HIV/AIDS during the study period was13930. The
prevalence of HIV-hepatitis co-infection in these

https://doi.org/10.1017/50950268813003038 Published online by Cambridge University Press

2133

Table 1. Distribution of basic characteristics of
the HIVIAIDS-infected individuals in Michigan
(n=13930), 2006-2009

Variable Frequency (%)

Co-infection
Co-infected*
Not co-infected

572 (4-1)
13358 (95-9)

Sex
Male 10584 (76-0)
Female 3346 (24-0)
Race
White(non-Hispanic) 4956 (35-6)
Black (non-Hispanic) 8088 (58-1)
Hispanic 569 (4-1)
Asian/HI/PI 72 (0-5)
American Indian/Alaskan 42 (0-3)
Native (non-Hispanic)
Multi race/Unknown/Other 203 (1-4)
(non-Hispanic)
HIV transmission riskt
Blood products 85 (0-6)
High-risk heterosexual 1796 (12-9)
Presumed heterosexual — male 1201 (8-6)
Presumed heterosexual — female 793 (5:7)
IDU 1362 (9-8)
MSM 6807 (48-9)
MSM/IDU 539 (3°9)
Perinatal 156 (1-1)
Unknown 1191 (8-5)
Age at HIV diagnosis (years)
0-12 178 (1-3)
13-19 638 (4-6)
20-24 1753 (12-6)
25-29 2260 (16-2)
30-39 4833 (34'7)
40-49 2974 (21-3)
50-59 1044 (7-5)
=60 247 (1-8)
Missing 3 (0-0)
Current HIV status
AIDS 7707 (55-3)
HIV-NA (not AIDS) 6223 (44-7)

Asian/HI/PI, Asian/Hawaiian/Pacific Islander, non-Hispanic;
MSM, men who have sex with men; IDU, injecting drug
use.

* Co-infection =any HIV-infected individual that is infected
by hepatitis B and C virus (acute and chronic).

T Heterosexual female=female who denies IDU and has
had sex with a man.

individuals was 4:1% (Table 1) with chronic
hepatitis B in 1:8% and chronic hepatitis C in 2:2%
(data not shown). There were proportionately more
males (76%) infected with HIV/AIDS compared to
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Fig. 1. [colour online]. Kaplan—-Meier curves showing mortality in HIV/AIDS-infected individuals, stratified by co-infection

status.

females (24%). The race/ethnicity distribution was
black (58:1%), white (35-6%), Hispanic (4:1%), multi-
racial (1-4%), Asian/Hawaiian/Pacific Islander (0-5%),
and American Indian/Alaskan Native (0-3%). In HIV
transmission risk categories, HIV/AIDS-infected in-
dividuals were predominantly men who have sex
with men (MSM) (48-9%) followed by high-risk het-
erosexual (HRH) (12-:9%), IDU (9-:8%), heterosexual
male (8:6%), unknown risk (8:5%), heterosexual fe-
male (5:7%), MSM/IDU (3-9%), perinatal (1-1%)
and blood products (0-6%). With respect to age at
HIV diagnosis, the distribution was: 30-39 years
(34:7%), 40-49 years (21-3%), 25-29 years (16-2%),
and 20-24 years (12:6%). There were more individuals
with AIDS (55:3%) compared to HIV only (44:7%).
A total of 727 HIV/AIDS-infected individuals
died during the follow-up period. The total number
of deaths was proportionately more in hepatitis
co-infected individuals (10%) as compared to not
co-infected individuals (5%) (data not shown).
Survival in the HIV-hepatitis co-infected group was
significantly lower compared to the not co-infected
group (log rank test P value <0-0001, Fig. 1). HIV
transmission risk was categorized as blood products,
heterosexual, IDU, MSM/IDU, MSM, perinatal and
undetermined (Table 2) [32]. Race was categorized
as black, white, Hispanic and other and age at HIV
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diagnosis was reclassified into age groups <20,
20-29, 30-39, 40-49, and =50 years [6]. From uni-
variable Cox regression analysis, co-infected indivi-
duals had a decreased survival (HR 2-4, 95%
CI 1-8-3-2) compared to not co-infected individuals.
Females compared to males had an increased mor-
tality (HR 1-2, 95% CI 1-0-1-4). Compared to white
race the mortality risk was higher in blacks (HR 1-5,
95% CI 1:3-1-8) and individuals belonging to the
other race category (HR 2-3, 95% CI 1-5-3:4)
(Table 2). For age at HIV diagnosis, a gradual increase
in mortality with increasing age was observed, and
individuals who were aged > 50 years had the shortest
survival (HR 9:0, 95% CI 5-:0-16-1). Individuals cur-
rently with AIDS showed a decreased survival com-
pared to only HIV-infected individuals (Table 2). For
HIV transmission risk categories, IDU had a decreased
survival (HR 2-8, 95% CI 2-3-3-4) followed by
MSM/IDU (HR 1-8, 95% CI 1-2-2-5), individuals
with undetermined risk (HR 1-7, 95% CI 1-4-2-1)
and, heterosexual practices (HR 1-4, 95% CI 1-:2-1-8).

Variable selection for the adjusted model was based
upon statistical significance of the variables from the
univariable analysis and biological plausibility. In
the final model, individuals of other and black
race had decreased survival compared to white race
adjusting for all other variables in the model
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Table 2. Multivariable Cox regression analysis of factors associated with survival in HIVIAIDS-infected individuals

in Michigan, 2006-2009

Variable Crude HR 95% CI Adjusted HR 95% CI
Co-infection
Not co-infected 1
Co-infected 24 (1-8-3-2)
Sex
Male 1
Female 12 (1-0-1-4) 09 (0-8-1-2)
Race
White (non-Hispanic) 1 1
Black (non-Hispanic) 1-5 (1-3-1-8) 13 (1-1-1-6)
Hispanic 1-1 0-7-1-7) 1-0 (0-6-1-5)
Other* 2-3 (1-5-3-4) 2:2 (1-4-3-2)
Age at HIV diagnosis (years)
<20 1 1
20-29 2-4 (1-3-4-4) 17 (0-9-3-1)
30-39 31 (1-8-5-6) 1-8 (1-0-3-3)
40-49 46 (2:6-8-2) 2-5 (1-4-4-5)
=50 9-0 (5:0-16-1) 4-7 (2:6-8-6)
Current HIV status
HIV-NA (not AIDS) 1
AIDS 59 (4-8-7-4)
HIV transmission risk
MSM 1 1
Blood products 1-3 (0-5-3-5) 1-4 (0-5-3-7)
Heterosexualf 1-4 (1-2-1-8) 1-4 (1-1-1-8)
IDU 2-8 (2:3-34) 2-1 (1-6-2-6)
MSM/IDU 1-8 (1-2-2-5) 1-5 (1-1-2-2)
Perinatal} — — — —
Undetermined§ 1-7 (1-4-2-1) 1-5 (1-2-1-9)
Interaction
Current HIV status X co-infection
AIDS vs HIV-NA
Co-infected 24 (1-2-4-8)
Not co-infected 59 (4-6-7-4)

HR, Hazard ratio; CI, confidence interval, MSM, men who have sex with men; IDU, injecting drug use.
* Other = Multiracial, Asian, Hawaiian & Pacific Islander, Alaskan Native, American Indian.
1 Heterosexual = presumed heterosexual female and high-risk heterosexual.

1 Some cells have zero counts.

§ Undetermined = unknown (males and females with no identified risk) and presumed heterosexual male.

(Table 2). Age at HIV diagnosis showed an increased
mortality with increasing age after adjustment.
Similarly, IDU, MSM/IDU, individuals with undeter-
mined risk and, heterosexual practices had decreased
survival compared to MSM after adjusting for all
other variables in the model (Table 2). The final
model also included an interaction between current
HIV status and co-infection status which indicates
that the effect of having AIDS compared to HIV
only differs if the individual is co-infected (HR 2-4,
95% CI 1:2-4-8) or not co-infected (HR 59, 95% CI
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4-6-7-4) in relation to mortality (Table 2). (Separate
univariable and multivariable analysis for HIV/HCV
and HIV/HBV co-infected individuals are shown in
Supplementary Tables 1 and 2).

DISCUSSION

In this study, mortality in HIV-hepatitis B and C
co-infected individuals was nearly twice that of
HIV-infected individuals without the co-infections.
Being co-infected with either HCV or HBV resulted
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in an increased risk for mortality [4, 18-27]. However,
there were no liver-related deaths recorded in the
cohort during the follow-up period. Conceivably,
there may be factors other than liver disease or
treatment-related hepatotoxicity that might lead to
this increased risk of mortality. As identified by an ear-
lier study, HIVVHCV co-infected patients were less
likely to receive HAART than non-HCV-infected
patients [22]. It is plausible that increased mortality in
HIV/HCV co-infected individuals is causing the
decreased use of HAART. A study on siblings of
HIV/HCV co-infected patients reported a higher mor-
tality in these patients compared to siblings of only
HIV-infected patients or siblings of control subjects
[33]. This excess mortality was attributed to probable
differences in family background and socioeconomic
factors like shared socioeconomic disadvantage or
family history of IDU. Another study revealed an
increased mortality in siblings of HIV/HCV co-
infected patients to be related to substance abuse,
mainly alcohol or drug abuse [34]. Other factors like
lack of access to care, treatment non-compliance,
alcohol- or drug-related morbidity or postponement
of treatment for co-infection due to physician’s fears
of hepatotoxicity could also play an important role in
the increased mortality in co-infected individuals.

A study in Brazil attributed the higher mortality in
AIDS-HCV co-infected cases to the receipt of less
antiretroviral therapy (ART) in these patients [35].
This discrepancy in treatment could be due to physi-
cians’ knowledge that HAART may be hepatotoxic,
inability of patients to tolerate ART or physicians’
belief’s that IDUs are non-compliant [35]. HIVVHCV
co-infection might also be a proxy for some other
types of high-risk behaviours that lead to an increased
mortality from non-AIDS-related causes in co-
infected individuals [36].

Females were also found to have an increased
mortality. A study focusing on gender differences in
HIV/HCV co-infected patients on HAART identified
females as having reduced survival compared to males
[37]. However, this association did not remain signifi-
cant after adjustment in our study. An increased
mortality was observed in individuals of black and
other race as compared to white race. A lower
interferon-alpha response resulting in a slower viral
decline has been observed in HIV/HCV co-infected
blacks [38], which could be contributing to the
decreased survival noted in our study. However, an
even higher mortality was observed in individuals be-
longing to other races which included multiracial
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groups. Plausibly, there might be certain high-risk
behaviours or practices that put these populations at
increased risk for mortality. It is also possible that
some of the populations in the other race group in-
clude individuals coming from countries which have
decreased immunization rates or unsafe injection
practices. This finding needs to be explored further
to identify such practices or behaviours.

A gradual increase in mortality was observed
with increasing age and individuals diagnosed with
HIV at age >50 years had the highest predisposi-
tion for mortality [22, 23]. Individuals currently hav-
ing AIDS had a decreased survival compared to
HIV-only-infected individuals [4, 11, 39]. A higher
propensity for mortality was also observed in IDUs
followed by MSM/IDUs, individuals with undeter-
mined risk and heterosexuals. IDU has been identified
as a major contributor to mortality [19, 20]. Non-
compliance to treatment in IDUs could be a factor
as well as physicians’ belief that IDUs are non-
compliant. Other factors related to IDU or pharmaco-
logical interactions between illicit drugs and ART
could have led to the decreased survival as well. It is
noteworthy that the effect of IDU was apparent in
the category of MSM who also have history of
IDU. This observation indicates that MSM who are
already vulnerable to developing HIV or AIDS have
additional risk if they are in the practice of injecting
drugs.

The final adjusted model showed a significantly
increased mortality; in HIV-infected individuals
belonging to black and other races, older age at
HIV diagnosis, IDUs, MSM/IDUs, individuals with
undetermined risk and heterosexuals as well as a sign-
ificant interaction between current HIV status and
co-infection. To our knowledge, this is the first study
that documents an interaction between current
HIV status and co-infection. Based on these results,
individuals who currently have AIDS and are not
co-infected are at a significantly decreased survival
compared to individuals having AIDS who are
co-infected. It is possible that individuals who are
diagnosed with AIDS and are not co-infected do not
get the extra care and treatment that may be given
to AIDS patients who are co-infected with hepatitis
viruses. It is also likely that these individuals tend to
die earlier before they become infected with hepatitis
viruses. Additionally, AIDS-hepatitis co-infected
individuals may be diagnosed earlier because of the
co-morbidity and are then put on appropriate therapy
for co-infection which increases their duration of
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survival. Moreover, in another study of HIV/
HCV-infected individuals, HAART decreased the
mortality rate in HIV/HCV co-infected individuals [40].
This could partially explain the relatively decreased,
albeit significant, risk observed in AIDS-infected
individuals with co-infection.

We were not able to obtain complete information
on ART in HIV/AIDS-infected individuals. However,
a subset analysis of HIV/AIDS-infected individuals
who were on therapy yielded similar results as our
multivariate analysis (Supplementary Table S3).
Tests for CD4 counts were not routinely done on all
HIV cases which restricted our analysis. Nevertheless,
analysis of data containing CD4 counts in this cohort
did not identify any association between CD4 counts
and mortality. Furthermore, due to passive reporting
of hepatitis cases, there may be underreporting and
under-detection of these cases. The Michigan HIV
surveillance system includes data only for persons
who have been confidentially reported by name
which could lead to underreporting of cases [6].
Another limitation of the surveillance system is that
the data on ART agents, HIV load, time of develop-
ment of AIDS and the underlying causes of death
are not routinely collected which could have been
used in our analysis.

However, the strength of our study is its popu-
lation base which includes all the statewide data
detected by the surveillance system on almost all
HIV/AIDS-infected individuals as well as persons
having hepatitis B and C co-infection residing in
Michigan. Our study also had a relatively sufficient
follow-up period of 4 years, an adequate sample
size, along with a representative group of persons in-
cluding minorities with HIV infection.

With the advent of HAART, there has been an
increased survival in HIV/AIDS patients; however,
challenges for treatment still remain because of
co-morbidities like HBV and HCV infection. Our
results indicate that mortality in HIV/AIDS and hepa-
titis co-infected individuals is a continuing problem
even after the availability of HAART. Our study iden-
tified certain high-risk populations like individuals of
black and other race and IDUs as well as older age
at HIV diagnosis as a higher risk for mortality.
Currently having AIDS conferred a higher risk of
mortality highlighting the importance of early diag-
nosis and treatment of AIDS.

Our study also demonstrated an interaction be-
tween current HIV status and co-infection, a finding
which underscores the importance of complex
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relationships between different factors associated
with mortality. Further exploration of these associa-
tions is needed in order to plan and implement inter-
ventions to reduce mortality in this vulnerable
population. Future research should focus upon the im-
pact of early initiation of ART for HIV co-infected
individuals, advantages of early screening of all
HIV/AIDS-infected individuals for co-morbidities
and identification of additional high-risk behaviours
or practices that may be present specifically in co-
infected individuals.
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