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Abstract

Background: Life expectancy has increased in HIV-positive individuals receiving combination antiretroviral therapy
(cART); however, they still experience increased mortality due to ageing-associated comorbidities compared with
HIV-negative individuals.
Methods: A retrospective study of 314 Queensland HIV-infected males on cART was conducted. The negative
impact of ageing was assessed by estimating the probability of 5-year mortality; comparisons were made between an
HIV-specific predictive tool (VACS index) and the Australian Bureau of Statistics (ABS) life-tables to examine
potential differences attributed to HIV. The negative impact of ageing was also assessed by the prevalence of
comorbidities. Associations between comorbidity and estimates of predicted mortality by regression analysis were
assessed.
Results: The mean predicted 5-year mortality rate was 6% using the VACS index compared with 2.1% using the
ABS life-table (p<0.001). The proportion of patients at predicted high risk of mortality (>9%) using the VACS index or
ABS life-table were 17% and 1.8% respectively. Comorbidities were also more prevalent in this cohort compared with
rates of comorbidities in age-matched Australian men from the general population. Metabolic disease (38.2%) was
the most prevalent comorbidity followed by renal (33.1%) and cardiovascular disease (23.9%). Multivariate analysis
demonstrated that patients with a history of cardiovascular disease had a higher predicted risk of mortality
(OR=1.69;95%CI:1.17-2.45) whereas ex-smokers had a lower predicted risk of mortality (OR=0.61;95%CI:0.41-0.92).
Conclusions: Using the VACS Index there is an increased predicted risk of mortality in cART-treated HIV infected
Australian men compared with age-matched men using the ABS data. This increased predicted mortality risk is
associated with cardiovascular disease and the number of comorbidities per subject; which suggests that the VACS
Index may discriminate between high and low predicted mortality risks in this population. However, until the VACS
Index is validated in Australia this data may suggest the VACS Index overestimates predicted mortality risk in this
country.
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Introduction

Since the introduction of combination antiretroviral therapy
(cART) in 1996, mortality patterns have shifted dramatically
from the 26 AIDS-defining conditions to non-HIV specific
causes of death, referred to as serious non-AIDS events
(SNAE). This has resulted in increased life expectancy and
improved quality of life for individuals with HIV [1,2]. Although
life expectancy has increased dramatically for HIV-positive
individuals receiving cART, it is still less than that of their
uninfected peers [3,4]. Australians with HIV have 3.5 to 5 times

increased risk of mortality when compared with the general
population [5,6]. However, these studies report mortality rates
dating back to the earlier cART era, it is not known if this
excess mortality persists in contemporary practice.

Cardiovascular, metabolic, renal and oncological disorders
account for the majority of SNAE. These ageing-specific
comorbid conditions were shown in earlier studies to occur at a
younger age in individuals with HIV compared with HIV-
negative individuals [7].. These studies may have been
confounded by population skewing [8]. More recent studies
have indicated that some comorbid conditions occur at similar
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ages in HIV infected and HIV uninfected cohorts but with an
increased adjusted age incidence in persons with HIV [9,10].
Collectively these studies reflect the complex interplay between
HIV, age and comorbidity.

Recognition of this early mortality and higher number of
ageing-associated comorbid conditions has led to the concept
of ‘accelerated biological ageing’ in individuals with HIV as the
‘price to pay’ for its successful treatment [11]. There is
widespread speculation as to the cause(s) of ‘accelerated
biological ageing’ in individuals with HIV receiving cART.
Putative causes include direct HIV effects [12,13], HIV-
treatment associated effects [14,15] and behavioral or
psychosocial effects [16]. The negative impact of the
'accelerated biological ageing' is speculated to be of such
magnitude that many have called for a review of clinical
practice and social policy in order to reduce the detrimental
effects of 'accelerated biological ageing' in individuals with HIV
who are on cART [17]. The idea of accelerated ageing in
patients with HIV has been challenged and the observation of
SNAE being observed at earlier ages has been thought to be
explained by population skewing, poor life-style factors and
lower socioeconomic status [18]. Socio-economic factors have
been demonstrated to confound the association between HIV
infection and comorbidity [19].

There are currently more than 30,000 Australians who have
been diagnosed with HIV, with approximately 3,800 living in
Queensland [20]. Moreover, half of individuals living with HIV in
Queensland are aged 50 years or more [20]. Most of the
current data regarding the negative impact of the ageing
process come from international HIV cohorts, which are very
different from the cohort of patients with HIV in Queensland.
These international cohorts have been derived predominantly
from North America where more than 50% of individuals with
HIV in many of these research cohorts are from poorer African-
American backgrounds [21,22]. Socio-economic status has
been shown to be a significant predictor of outcome in HIV-
infected populations [19]. On the other hand, the socialized
health system in Australia provides health care access to all
citizens and permanent residents [23]. These differences may
limit the generalizability of these research findings to the
Australian population. Furthermore, reporting of all HIV-related
mortality is not mandatory in Australia therefore it is possible
that deaths attributable to HIV are underestimated [24].

Currently there is no validated tool to measure the negative
impact of the ageing process; therefore, we elected to use two
potential surrogate markers of ageing: predicted mortality risk
and enumeration of individual co-morbid conditions. There
parameters would be expected to be higher in persons with
more advanced biological age. Previous models, using CD4
count, viral load and age, used to estimate mortality in pre-
cART era are inaccurate in the current era [25]. The Veterans
Ageing Cohort Study (VACS) Group has developed the VACS
Index to estimate the mortality risk in HIV-infected population.
This index uses a score based on age, indicators of HIV
disease (CD4 count and viral load) and indicators of organ-
system injury such as hemoglobin, platelets, aspartate and
alanine transaminase, creatinine and hepatitis C exposure (Ab
+ve, PCR not included) [26]. The VACS Index has been

validated in a number of different settings including the VACS
cohort, hospitalized patients with HIV in the United States of
America and in an European HIV infected cohort but is yet to
be validated in Australia [26]. As the prevalence of individual
comorbid conditions increases with age so does the likelihood
that the individual patient has multiple comorbid conditions.
The enumeration of these coincident comorbid conditions has
been used as a surrogate measure of ageing. Guaraldi et al.,
demonstrated that coincident comorbid conditions (or
polypathology) were more prevalent in patients with HIV
compared with patients without HIV [7]. Patients with HIV were
shown to have rates of polypathology that were similar to their
HIV uninfected peers aged 10 years older.

The aim of the current study was to explore the negative
impact of the ageing process by estimating the predicted
mortality risk and quantifying co-morbidity in HIV-positive
individuals on cART in Australia. Specifically, the primary
objectives of the current study were: (1) to estimate the
predicted mortality rates in HIV-positive Queensland males
using an HIV-specific tool and compare these estimates with
those using available non-HIV-specific Australian tools to
assess excess of predicted mortality associated with HIV (2) to
estimate the prevalence of comorbid conditions in Queensland
men with HIV receiving cART (3), to examine the association
between age and multiple co-morbidities in this cohort and
finally (4) to examine the association between co-morbid
conditions and predicted high risk of mortality within the next 5
years using the VACS Index Calculator.

Materials and Methods

Ethics Statement
Access to the medical record and analysis of de-identified

data was approved by The Prince Charles Hospital Human
Research Ethics Committee (HREC/12/QPCH/137) and The
School of Population Health Research Ethics Committee at the
University of Queensland (LFK020812). It was a retrospective
study using data already collected and patients' written consent
was not obtained; however, a waiver from the Human
Research Ethics Committees was obtained.

Participants
The study was performed at the Brisbane Sexual Health and

HIV Service, which provides healthcare to 445 men aged
above 30 who have been taking cART for more than 6 months.
Of these 314 were randomly selected without stratification by
using the random numbers technique. Based on the 6%
expected difference in mortality between Australians living with
treated HIV and the Australian general population [6]; data from
310 patients were required to estimate the difference in
predicted mortality with a power of 80% and a significance level
of 0.05. The selection of participants was restricted to males
receiving cART in order to achieve a homogeneous population,
increasing the power of the study. Data extraction from the
medical records was conducted during a 3 month period
(September to November 2012) and charts evaluated were
from patients that attended the Brisbane Sexual Health and
HIV Service between January and November 2012.
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Estimating mortality
Firstly, the probability of mortality occurring within 5 years

was estimated by the online version of the VACS Index [27].
Subjects were classified as being at predicted low-risk of
mortality (≤9%) or high-risk (>9%) of mortality. The threshold
was set at 9% as it is the lowest risk category (0-9%) defined
by the VACS Project Team [26]. The predicted risk of mortality
in 5 years estimated using the VACS Index was then compared
to that predicted by the Australian Bureau of Statistics (ABS)
per given patient. Specific life table for Queensland men of the
general population provided by the ABS was used [28].
Intrapatient differences in predicted mortality risks between the
VACS Index and the ABS were analyzed by age in order to
identify potential differences attributed to HIV.

Explanatory measures
Demographic.  Ethnicity included Aboriginal and Torres

Strait Islander (ATSI), Asian, Black, White and others. Age was
calculated from the date of birth reported by the patient in the
medical chart and was categorized into 10-year intervals.

HIV characteristics.  The last recorded count of CD4
(cells/mm3) and viral load (copies/ml) were used . CD4 was
categorized into <200, 200-349, 350-500 and >500 cells/mm3.
Viral load was classified as undetectable (≤200 copies/ml) and
detectable (>200 copies/ml).

Co-morbidity.  Medical conditions were grouped into five
organ-system clusters. 1) Metabolic disease included
dyslipidemia, diabetes mellitus, and hypogonadism as reported
in the medical record by the physician. 2) Cardiovascular
disease (CVD) included hypertension, myocardial infarction,
peripheral vascular disease, stroke and all other medical
conditions defined by the American Heart Association in the
International Classification of Diseases version 10 as CVD [29].
3) Renal disease included kidney failure if the last available
estimated glomerular filtration rate (eGFR) was <60ml/min
and/or proteinuria if the last available urine protein/creatinine
ratio was >15. 4) Cancer required a positive biopsy report of a
malignant lesion. 5) Liver disease included hepatitis B (HBsAg
+, anti-HBc+) and C (HCV PCR+) infection. Patients without
chronic hepatitis B infection were further classified as never
infected or vaccine non-responders (HBsAg-, anti-HBc-, anti-
HBs-), vaccine responder (HBsAg-, anti-HBc-, anti-HBs+),
cleared infection (HBsAg-, anti-HBc+, anti-HBs+).

Psychiatric disorders.  Psychiatric disorders included in the
study were mood disorders (major depressive disorder and
bipolar disorder), anxiety disorders and psychotic disorders as
defined in Axis I by the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR)
as recorded by the psychologist or psychiatrist [30]. Psychiatric
disorders due to psychoactive substance use were not
included.

Lifestyle.  Substance use disorder included alcohol and illicit
drug abuse including marijuana, amphetamines,
benzodiazepines and opioids. Smoking status was categorized
as never smoked, ex-smoker, and current smoker as recorded
in the medical file.

Poly-pathology.  This was defined as having 0, 1, 2, 3 or >
3 co-morbid conditions. The rate of polypathology was
analyzed by decade of age ≤ 40, 41-50, 51-60, > 60 years.

There was a concern about under-recorded comorbid
conditions in the medical files; a pilot audit of 32 medical files
was conducted to validate the accuracy of the documentation
of comorbid conditions within the medical file. Prospective
collection of co-morbid conditions was compared with
retrospective collection. We only included in the study
comorbid conditions that presented a substantial agreement or
above (κ>0.61) [31].

Statistical analyses
Differences in predicted mortality estimates using the VACS

or the ABS life tables were analyzed using the student t-test.
Intrapatient differences in predicted mortality risk as estimated
by these alternate methods were analyzed by age. The
prevalence of comorbid conditions was calculated as the
proportion of people with reported comorbidities among the
total sample. Chi-square test was used to assess the
associations between the predicted risk of mortality and other
categorical variables. Negative log-log regression was used to
evaluate the association between the VACS Index (with 5 year
predicted mortality risk ≤9%, coded 0/1) and the comorbid
conditions. The negative log-log regression was chosen over
the logistic regression since the lowest category was more
probable and provided a better fit for the model [32]. The
quality of the fit of the statistical model was examined using the
Akaike information criterion [33].

Bivariate and parsimonious regression models were
produced to compare the health status, psychiatric disorders
and lifestyle factors reported in the predicted low-risk mortality
group and the predicted high-risk mortality group. There was
some overlap between the listed comorbidities and the VACS
index (hepatitis C Ab +ve and renal disease through the
eGFR). Therefore, the regression models were conducted
without these variables. The first bivariate models, which
included health status, psychiatric disorders and substance use
disorders individually predicting the risk of mortality were not
adjusted for any explanatory measures, whereas the second,
parsimonious, model was adjusted for health status, psychiatric
disorders and lifestyle factors. For the health status variables,
the models were run using the organ-system clusters instead of
each individual medical condition to increase the power of the
findings.

A significance level cut off of p<0.05 was used, and
participants with missing data were excluded from the
analyses. Results are presented as odds ratios (OR) and 95%
confidence intervals (CI). All statistical analyses were
conducted using Stata® IC, version 12.1 (Stata Corporation;
College Station, TX).

Results

Three hundred fourteen Queensland males with cART-
treated HIV were included in the study. Eighty-four percent of
the study population identified themselves as White and 5% as
ATSI. The age range was 30 to 76 years (median 48.1 years,
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IQR 36.9 - 59.3 years). Thirty-nine percent of the participants
were aged above 50 years. The range of CD4 count was 30 to
2000 cells/mm3 (median 590 cells/mm3, IQR 430 - 810
cells/mm3), only 3.2% of the sample had a CD4 count of
<200cells/mm3 and 4.5% had a detectable viral load (Table 1).

The overall mean predicted 5-year mortality risk using the
VACS index was 6% and ranged from 2% to 41%. Eighty-three
percent of participants were at predicted low risk of mortality
(VACS index ≤9%; Table 1). In contrast, the mean predicted 5-
year mortality risk using the ABS life-table was 2.1% and
ranged from 0.4% to 15.7% (p<0.001) with 98.1% at low risk of
mortality (≤9%). The absolute and relative mean difference in
predicted life expectancy using the VACS Index and the ABS
life-table were 3.9% and 2.9, respectively. Intrapatient
differences in mortality risk as predicted by VACS index or ABS
were constant across age groups (data not shown).

Metabolic diseases were the most prevalent medical
comorbidities observed in this cohort (38.2%) followed by renal
disease (33.1%) and CVD (23.9%; Table 2). The prevalence of
psychiatric disorders was 48% with major depressive disorder
and anxiety disorder being the most common conditions. The
prevalence of substance abuse was high: 31% were currently

Table 1. Demographics, HIV surrogate markers and
medical conditions included in VACS index as proportion of
total cohort and of patients with predicted high and low
mortality risk as estimated by VACS index.

   Predicted risk of mortality

 Overall  Low-risk High-risk Statistic
Variable N (%)  N (%) N (%) p-value
Participants 314 (100)  261 (83.1) 53 (16.9)  

Ethnicity      

 
Aboriginal and Torres Strait
Islander

16 (5.0)  10 (62.5) 6 (37.5)  

 Asian 10 (3.3)  10 (100) 0 (0.0)  
 Black 10 (3.3)  10 (100) 0 (0.0)  
 White 265 (84.3)  218 (82.2) 47 (17.7)  
 Other 13 (4.1)  13 (100) 0 (0.0) p=0.42
Age      
 30 - 39 years 35 (11.2)  35 (100) 0 (0.0)  
 40 - 49 years 156 (49.7)  147 (94.2) 9 (5.8)  
 50 - 59 years 80 (25.5)  64 (80) 16 (20)  
 60 - 69 years 33 (10.5)  15 (545) 18 (46)  
 ≥ 70 years 10 (3.2)  0 (0.0) 10 (100) p<0.001
CD4 count      
 <200 cells/mm3 10 (3.2)  3 (30) 7 (70)  
 200-349 cells/mm3 32 (10.2)  23 (72) 9 (28)  
 350-500 cells/mm3 64 (20.4)  52 (81) 12 (18)  
 >500 cells/mm3 208 (66.2)  183 (88) 25 (12) p<0.001
Viral load      
 <200cpm 300 (95.5)  251 (84) 49 (16)  
 ≥200cpm 14 (4.5)  10 (71) 4 (29) p=0.23
Kidney failure (eGFR<60) 23 (7.3)  11 (48) 12 (52) p<0.001
Hepatitis C (RNA +ve) 33 (10.5)  18 (55) 15 (45) p<0.001

doi: 10.1371/journal.pone.0078403.t001

taking illicit drugs, 34% were current smokers and 28% were
referred to a psychologist due to their excessive alcohol intake
(Table 3). The prevalence of poly-pathology increased with
age, 52% of individuals aged over 60 had 1 of more co-morbid
condition compared with 36%, 22% and 9% aged 51-60, 41-50
and < 40 years (Figure 1). We next examined the association
between recorded comorbid conditions and 5-year predicted
mortality risk as estimated by the VACS index. Firstly, 5-year
predicted mortality increased with the increasing number of co-
morbid conditions within the individual. Patients with 7
comorbidities had a 50% change of having a high 5-year
predicted mortality risk (VACS>9%; Figure 2). This relationship
existed even when co-morbidities included in the VACS index
were excluded (i.e. Hepatitis C infection and kidney failure with
eGFR<60).

Participants with predicted high-risk of mortality were more
likely to have kidney failure and hepatitis C; however, this may
be because these conditions overlapped with the calculation of
the VACS Index (Table 1). Among the medical conditions not
accounted for in the VACS Index, diabetes, hypogonadism,
hypertension, peripheral vascular disease and hepatitis B were
more likely to occur in participants with predicted high-risk of
mortality (Table 2). In contrast, there were no statistically
significant differences among the prevalence of psychiatric
disorders, substance use disorders or smoking status between
the predicted low and the high-risk mortality groups (Table 3).

Unadjusted multivariate analyses demonstrated that
participants with a history of CVD had higher odds of being in

Table 2. Prevalence of medical comorbidities not included
in the VACS index across total cohort and as per predicted
high and low risk 5 year mortality as estimated by VACS
index.

   Predicted risk of mortality

 Overall  Low risk High risk Statistic
Variable N(%)  N (%) N (%) p-value
Participants 314 (100)  261 (83.1) 53 (16.9)  

Metabolic diseases 120 (38.2)  95 (79) 25 (21) p=0.14

 Dyslipidemia 92 (29.3)  76 (83) 16 (17) p=0.88
 Diabetes mellitus 22 (7.0)  15 (68) 7 (32) p=0.05
 Hypogonadism 9 (2.9)  5 (56) 4 (44) p=0.03
Cardiovascular diseases 75 (23.9)  52 (57) 23 (43) p<0.001
 Hypertension 55 (17.5)  36 (69) 19 (34) p<0.001
 Myocardial infarction 10 (3.2)  7 (70) 3 (30) p=0.26
 Peripheral vascular disease 8 (2.5)  4 (50) 4 (50) p=0.01
 Stroke 3 (0.9)  2 (67) 1 (33) p=0.45
Cancer 39 (12.4)  29 (74) 10 (26) p=0.12
Renal diseases 104 (33.1)  77 (74) 27 (26) p=0.01
 Proteinuria 95 (30.2)  72 (76) 23 (24) p=0.07
Hepatitis B      
 Non-responder/never infected 58 (18.5)  47 (81) 11 (19)  
 Vaccine responder 134 (42.7)  123 (92) 11 (8)  
 Cleared/Past infection 100 (31.8)  75 (75) 25 (25)  
 Currently infected 22 (7.0)  16 (73) 6 (27) p=0.003

doi: 10.1371/journal.pone.0078403.t002
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the predicted high-risk mortality group than the group of
participants without a history of CVD. Conversely being an ex-
smoker was associated with having a lower 5 year predicted
mortality risk. Responders to hepatitis B vaccination had lower
odds of being in the predicted high-risk mortality group
compared with participants never infected nor vaccine
responders. In the parsimonious model, participants with a
history of CVD were at increased odds of predicted high-risk of
mortality (OR 1.69 CI 1.17-2.45) whereas ex-smokers had a
predicted lower risk (OR 0.61 CI 0.41-0.92). The relationship
between hepatitis B vaccination and predicted mortality risk
was no longer significant (Table 4).

Discussion

The mean predicted 5-year mortality for Queensland males
with cART-treated HIV using the VACS Index (6.0%) is higher

Table 3. Prevalence of psychiatric disorder as per total
cohort and listed as per predicted high or low risk mortality
as estimated by VACS index.

   Predicted risk of mortality

 Overall  Low risk High risk Statistic
Variable N (%)  N (%) N (%) p-value
Participants 314 (100)  261 (83.1) 53 (16.9)  

Psychiatric disorders      

 Psychiatric disorder 137 (43.6)  117 (85) 20 (15) p=0.34
 Major depressive disorder 99 (31.5)  82 (83) 17 (17) p=0.93
 Anxiety disorder 60 (19.1)  52 (87) 8 (13) p=0.42
 Bipolar disorder 10 (3.2)  7 (70) 3 (30) p=0.26
 Psychotic disorder 10 (3.2)  9 (90) 1 (10) p=0.55
Substance use disorders     
 Illicit drug abuse 98 (31.2)  83 (84) 15 (16) p=0.62
 Alcohol abuse 89 (28.3)  75 (84) 14 (16) p=0.73
Smoking status      
 Never smoked 117 (37.3)  95 (82) 22 (18)  
 Ex-smoker 91 (29.0)  82 (90) 9 (10)  
 Smoker 106 (33.8)  84 (79) 22 (21) p=0.10

doi: 10.1371/journal.pone.0078403.t003

when compared with the predicted mortality risk using ABS life
table data for the same patients (2.1%) [28]. This suggests that
Queensland males with cART-treated HIV present almost a
threefold increased probability of death within the next 5 years
than Queenslanders free of HIV infection of the same gender
and age. In absolute terms, a 65 year old male has a predicted
5-year mortality risk which is 3.9% higher than a 50 year old
male using the ABS life table data. The findings of increased
predicted mortality in HIV infected men on treatment is
consistent with other Australian reports which demonstrated

Table 4. Unadjusted and adjusted models for the
association of comorbid conditions and predicted high risk
mortality as estimated by VACS index.

 Unadjusted models Adjusted model^

  95% CI limits  95% CI limits

Variable OR Lower Upper  OR Lower Upper
Metabolic diseases 1.23 0.93 1.64  1.15 0.82 1.62

Cardiovascular diseases 1.75 1.26 2.44  1.69 1.17 2.45
Cancer 1.36 0.89 2.07  1.12 0.71 1.76

Hepatitis B        

 
Never infected/vaccine non
responder

1.00       

 Vaccine responder 0.66 0.45 0.98  0.73 0.48 1.11
 Cleared/Past infection 1.20 0.80 1.79  1.26 0.83 1.92
 Currently infected 1.28 0.69 2.37  1.46 0.76 2.77
Psychiatric disorders 0.87 0.66 1.15  0.87 0.63 1.20
Substance use disorders        
 Illicit drug abuse 0.93 0.69 1.25  1.07 0.72 1.58
 Alcohol abuse 0.95 0.70 1.29  1.05 0.73 1.52
Smoking status        
 Never smoked 1.00       
 Ex-smoker 0.72 0.51 1.03  0.61 0.41 0.92
 Smoker 1.06 0.77 1.47  1.05 0.72 1.54

OR: odds ratio, CI: confidence interval
^. Model adjusted for metabolic disease, cardiovascular disease, cancer, hepatitis
B, psychiatric disorders, substance use disorders and smoking status.
NOTE. Statistically significant ORs are emboldened.
doi: 10.1371/journal.pone.0078403.t004

Figure 1.  Prevalence of poly-pathology among Queensland men with cART-treated HIV, by age categories.  The number of
poly-pathologies or number of simultaneous co-morbidities increased with age.
doi: 10.1371/journal.pone.0078403.g001

Figure 2.  Probability and its 95% confidence interval of 5-year predicted high risk of mortality by the number of
comorbidities in Queensland men with cART-treated HIV.  The probability of predicted high risk mortality as estimated by the
VACS index increased with the number of co-morbidities.
doi: 10.1371/journal.pone.0078403.g002
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that the standardized mortality rate (SMR) of a cohort of very
long term infected HIV infected patients was 3.5 [5,6]. In these
previous studies not all patients were taking cART and report
mortality across a period from 1999-2004 when mortality rates
for patients with HIV may have been expected to be higher
than current rates. Our findings may therefore suggest that this
previously documented excess mortality risk persists within a
contemporary treated cohort. Alternatively, the VACS Index
may over-estimate the predicted mortality risk in Australian
men on cART. It is interesting to speculate that social,
behavioral and health care access issues may underscore this
apparent paradox. These issues are unable to be resolved with
the currently available data until the VACS Index is validated
within the Australian context.

The prevalence of comorbid conditions in males with cART-
treated HIV in this cohort was greater than that observed in the
Australian general population. For instance, diabetes mellitus
(7.0% among Queensland males with cART-treated HIV vs.
5.0% among the Australian general population), hypertension
(17.5% vs. 11.0%) and renal diseases (33.1% vs. 0.8%) were
more prevalent in Queensland males with cART-treated HIV
than in the Australian general population of the same gender
and age range according to the ABS (2012)[34]. The marked
increase in renal disease in patients with treated HIV may be
related to antiretroviral therapy associated renal dysfunction
[35]. We have previously demonstrated that 27% of patients
taking tenofovir for more than one year had proteinuria; in
addition, the proteinuria was reversible in 92% of the patients
after tenofovir was ceased [36]. Thus, the high prevalence of
renal impairment observed in this study might be transient and
associated with the cART administration rather than
established kidney disease due to hypertension or diabetes
mellitus. Proteinuria has been demonstrated to predict mortality
in patients with treated HIV [37]. Additionally, the prevalence of
hepatitis C (10.5% vs. 0.05%) [20], hepatitis B (7.0% vs.
0.03%) [20] and psychiatric disorders (48.7% vs. 20%) [38]
were higher in our study population. Illicit drug abuse (31.2%
vs. 15.3%) [38], alcohol abuse prevalence (28.3% vs. 12.0%)
[38] and rates of smoking (33.8% vs. 23.0%) [39] were also
found to be higher in Queensland males with cART-treated HIV
than that observed in age- and gender-matched persons from
the general Australian population. Similar increased rates of
co-morbidity in other cohorts of HIV infected Australians have
been reported [40,41].

We next enumerated individual comorbid conditions within
the same patient. This ranged from zero to seven (Figure 1).
Older patients were more likely to have multiple co-morbidities.
This pattern, previously described by Guaraldi et al., had been
used as a surrogate marker of biological ageing in a cohort of
HIV-infected Italians [7]. However differences in the types of
co-morbid conditions included in that study and our study limits
comparisons between the studies being made. We also
examined the association between multiple comorbidities and
the VACS Index. We found that the VACS Index increased with
increasing number of comorbidities within the same individual
patient (Figure 2). This relationship held even after accounting
for age, hepatitis C exposure and eGFR (factors used in
computing the VACS Index).

Secondly, patients with a history of CVD had higher odds of
being at predicted high-risk of mortality (VACS>9%) in
multivariate analyses. This result is supported by a previous
report [42] which demonstrated that patients with risk factors
for cardiovascular disease had higher VACS Index, despite
these factors not being included in the computation of the
score. These findings are consistent with the demonstration
that CVD is a leading cause of death among people living with
HIV [43]. We also found that patients who ceased smoking had
a lower predicted risk of mortality than current smokers or
those who never smoked in our study. This finding might be
confounded because of the additional information ex-smokers
receive about healthy life style; additionally, they are more
likely to seek medical consultation than patients that never
smoked [44]. Smoking cessation has been associated with
reduced risk of subsequent CVD in patients with HIV [45].

Our study is limited by a number of factors. Firstly, pre-
existing data were utilized in the current analyses, and without
a prospective design causality is difficult to establish. We were
able to be more confident of our findings by only including co-
morbidities known to be well recorded in the medical record.
Secondly, access to actual mortality data of Queensland males
with cART-treated HIV was limited. Thus, the VACS Index was
used to estimate the predicted mortality in Queensland males
with cART-treated HIV. This score estimates the risk of
mortality more accurately among people aged 50 years and
above and those with an undetectable viral load than indexes
restricted to CD4 count and viral load [26,46]. The VACs Index
is yet to be validated in Australia so it may be inaccurate. It
may overestimate the predicted risk of mortality in Australian
patients. While sociobehavioral, socioeconomic and access to
health care differences may explain the differences between
Australian and United States outcomes, until the VACS Index is
validated in Australia the findings although provocative will
remain speculative. Socioeconomic factors have been shown
to influence clinical outcomes in contemporary HIV treated
populations [16,43]. However, we were unable to account for
socioeconomic status factors in our cohort as this data was not
systematically collected. Thirdly, a limited sample size was
obtained and therefore reduced the power. To correct for this
the sample was restricted to a homogeneous group of
participants that included males above 30 years and receiving
cART. Eighty-five to ninety percent of Queenslanders living
with HIV are males over the age of 30 and on ART and so
would be represented by the cohort studied [47]. Therefore,
generalizability of our findings to women (and men not on
antiretroviral therapy) is limited. The lack of an appropriate
control group imposes an additional limitation, the inability to
adjust for possible confounders such as lifestyle factors and
number of comorbidities among HIV-negative men might have
affected the associations found.

Our findings suggest that HIV infected men on cART are
negatively impacted by an increased burden of biological
ageing as indicated by an apparent increased predicted risk of
mortality over the next five years and an increased prevalence
of comorbidities compared with the Australian general
population. The demonstration that established CVD was
strongly associated with this increased predicted risk of
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mortality and that ex-smokers had a lower overall predicted
mortality risk support efforts to decrease cardiovascular risk in
patients with HIV. While these findings may support the notion
that the burden of biological ageing is increased in HIV-infected
Australian men on cART until the VACS Index is validated in
the Australian context the findings while provocative remain
speculative.

Author Contributions

Conceived and designed the experiments: LFK MDK SJM.
Performed the experiments: LFK MDK. Analyzed the data: LFK
MDK SJM. Wrote the manuscript: LFK MDK SJM.

References

1. Palella FJ Jr., Delaney KM, Moorman AC, Loveless MO, Fuhrer J et al.
(1998) Declining morbidity and mortality among patients with advanced
human immunodeficiency virus infection. HIV Outpatient Study
Investigators. N Engl J Med 338: 853-860. doi:10.1056/
NEJM199803263381301. PubMed: 9516219.

2. Palella FJ Jr., Baker RK, Moorman AC, Chmiel JS, Wood KC et al.
(2006) Mortality in the highly active antiretroviral therapy era: changing
causes of death and disease in the HIV outpatient study. J Acquir
Immune Defic Syndr 43: 27-34. doi:10.1097/01.qai.
0000233310.90484.16. PubMed: 16878047.

3. Antiretroviral Therapy Cohort Collaboration (2008) Life expectancy of
individuals on combination antiretroviral therapy in high-income
countries: a collaborative analysis of 14 cohort studies. Lancet 372:
293-299. doi:10.1016/S0140-6736(08)61113-7. PubMed: 18657708.

4. Aldaz P, Moreno-Iribas C, Egüés N, Irisarri F, Floristan Y et al. (2011)
Mortality by causes in HIV-infected adults: comparison with the general
population. BMC Public Health 11: 300. doi:
10.1186/1471-2458-11-300. PubMed: 21569323.

5. Petoumenos K, Law MG, Australian H. I. V. Observational Database
(2006) Risk factors and causes of death in the Australian HIV
Observational Database. Sex Health 3: 103-112. doi:10.1071/
SH05045. PubMed: 16800396.

6. McManus H, O'Connor CC, Boyd M, Broom J, Russell D et al. (2012)
Long-term survival in HIV positive patients with up to 15 Years of
antiretroviral therapy. PLOS ONE 7: e48839. doi:10.1371/journal.pone.
0048839. PubMed: 23144991.

7. Guaraldi G, Orlando G, Zona S, Menozzi M, Carli F et al. (2011)
Premature age-related comorbidities among HIV-infected persons
compared with the general population. Clin Infect Dis 53: 1120-1126.
doi:10.1093/cid/cir627. PubMed: 21998278.

8. Shiels MS, Pfeiffer RM, Engels EA (2010) Age at cancer diagnosis
among persons with AIDS in the United States. Ann Intern Med 153:
452–460. doi:10.7326/0003-4819-153-7-201010050-00008. PubMed:
20921544.

9. Freiberg MS, Chang CC, Kuller LH, Skanderson M, Lowy E et al.
(2013) HIV Infection and the Risk of Acute Myocardial Infarction. JAMA.
Intern Med 173: 614-622.

10. Althoff KN, Wyatt C, Gibert C, Oursler KA, Rimland D et al. (2013) HIV-
Infected Adults Are at Greater Risk for Myocardial Infarction, End-stage
Renal Disease, and Non-AIDS-defining Cancers, But Events Occur at
Similar Ages Compared to HIV-uninfected Adults 20th Conference on
Retroviruses and Opportunistic Infections (CROI 2013). Atlanta.
Available: http://www.natap.org/2013/CROI/croi_62.htm. Accessed
2013 August 5.

11. Deeks SG (2009) Immune dysfunction, inflammation, and accelerated
aging in patients on antiretroviral therapy. Top HIV Med 17: 118-123.
PubMed: 19890183.

12. Leeansyah E, Cameron PU, Solomon A, Tennakoon S, Velayudham P
et al. (2013) Inhibition of Telomerase Activity by Human
Immunodeficiency Virus (HIV) Nucleos(t)ide Reverse Transcriptase
Inhibitors: A Potential Factor Contributing to HIV-Associated
Accelerated Aging. J Infect Dis 207: 1157-1165. doi:10.1093/infdis/
jit006. PubMed: 23303810.

13. Ances BM, Ortega M, Vaida F, Heaps J, Paul R (2012) Independent
effects of HIV, aging, and HAART on brain volumetric measures. J
Acquir Immune Defic Syndr 59: 469-477. doi:10.1097/QAI.
0b013e318249db17. PubMed: 22269799.

14. Smith RL, de Boer R, Brul S, Budovskaya Y, van Spek H (2012)
Premature and accelerated aging: HIV or HAART? Front Genet 3: 328.
PubMed: 23372574.

15. Hester EK (2012) HIV Medications: An Update and Review of
Metabolic Complications. Nutr Clin Pract 27: 51-64. doi:
10.1177/0884533611431985. PubMed: 22307491.

16. Jacob T, Blonigen DM, Upah R, Justice A (2013) Lifetime Drinking
Trajectories Among Veterans in Treatment for HIV. Alcohol Clin Exp
Res 28: 12071. PubMed: 23448171.

17. High KP, Brennan-Ing M, Clifford DB, Cohen MH, Currier J et al. (2012)
HIV and aging: state of knowledge and areas of critical need for
research. A report to the NIH Office of AIDS Research by the HIV and
Aging Working Group. J Acquir Immune Defic Syndr 60 Suppl 1: S1-18.
doi:10.1097/QAI.0b013e318246538f. PubMed: 22688010.

18. Fisher M, Cooper V (2012) HIV and ageing: premature ageing or
premature conclusions? Curr Opin Infect Dis 25: 1-3. doi:10.1097/QCO.
0b013e32834f14fa. PubMed: 22183112.

19. Simard EP, Fransua M, Naishadham D, Jemal A (2012) The influence
of sex, race/ethnicity, and educational attainment on human
immunodeficiency virus death rates among adults, 1993-2007. Arch
Intern Med 172: 1591–1598. doi:10.1001/archinternmed.2012.4508.
PubMed: 23045164.

20. the Kirby Institute (2012). HIV, viral hepatitis and sexually transmissible
infections in Australia Annual Surveillance Report 2012 Sydney,
Australia: The Kirby Institute, the University of New South Wales.

21. Justice AC, Dombrowski E, Conigliaro J, Fultz SL, Gibson D et al.
(2006) Veterans Aging Cohort Study (VACS): Overview and
description. Med Care 44: S13-S24. doi:10.1097/01.mlr.
0000223741.02074.66. PubMed: 16849964.

22. Brennan M (2010) Older Adults With HIV: An In-Depth Examination of
an Emerging Population. Nova Science Publishers Incorporated.

23. Frederic P (2009) Miller AFV, John McBrewster Socialized medicine:
socialized medicine. Health care in Australia, health care in Canada,
healthcare in Cuba, healthcare in Finland, health care in Israel, health
in Russia. Mauritius: Alphascript Publishing.

24. Australasian Society for HIV Medicine (2010) Guide to Australian.
Canberra: HIV Laws and Policies for Health Care Professionals - Safe
Behaviours and Disclosure: Commonweath of Australia

25. Justice AC, McGinnis KA, Skanderson M, Chang CC, Gibert CL et al.
(2010) Towards a combined prognostic index for survival in HIV
infection: the role of 'non-HIV' biomarkers. HIV Med 11: 143-151. doi:
10.1111/j.1468-1293.2009.00757.x. PubMed: 19751364.

26. Tate JP, Justice AC, Hughes MD, Bonnet F, Reiss P et al. (2013) An
internationally generalizable risk index for mortality after one year of
antiretroviral therapy. AIDS 27: 563-572. doi:10.1097/QAD.
0b013e32835b8c7f. PubMed: 23095314.

27. Veterans Ageing Cohort Study VACS Index Calculator - PC Version.
Available: http://vacs.med.yale.edu/IC/. Accessed 2013 July 29.

28. Australian Bureau of Statistics (2012): 3302.0.55.001 - Life Tables,
States, Territories and Australia, 2009-2011. Available: http://
www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/3302.0.55.001Main
+Features12009-2011?OpenDocument. Accessed 2013 Jul 30

29. Writing Group Members, Roger VL, Go AS, Lloyd-Jones DM, Benjamin
EJ, et al (2012) Heart Disease and Stroke Statistics—2012 Update: A
Report From the American Heart Association. Circulation 125: e2-e220.
doi:10.1161/CIR.0b013e31823ac046. PubMed: 22179539.

30. American Psychiatric Association (2000) Quick reference to the
diagnostic criteria from DSM-IV-TR. American Psychiatric Press Inc.

31. Cohen J (1960) A Coefficient of Agreement for Nominal Scales. Educ
Psychol Meas 20: 37-46. doi:10.1177/001316446002000104.

32. Dobson AJ (2010) An Introduction to Generalized Linear Models,
second Edition. Taylor & Francis.

33. Akaike H (1974) A new look at the statistical model identification. IEEE
Trans Autom Contr 19: 716-723. doi:10.1109/TAC.1974.1100705.

34. Australian Bureau of Statistics (2012) National health survey: Summary
of results, Australia. Canberra: Australian Bureau of Statistics. pp.
2011-2012. Available: http://www.abs.gov.au/AUSSTATS/abs@.nsf/
Lookup/4364.0.55.001Explanatory%20Notes602011-12?
OpenDocument. Accessed 2013 July 30.

35. Kalayjian RC, Lau B, Mechekano RN, Crane HM, Rodriguez B et al.
(2012) Risk factors for chronic kidney disease in a large cohort of HIV-1
infected individuals initiating antiretroviral therapy in routine care. AIDS
26: 1907-1915. doi:10.1097/QAD.0b013e328357f5ed. PubMed:
22824630.

Comorbidity, Ageing and Mortality in Men with HIV

PLOS ONE | www.plosone.org 7 October 2013 | Volume 8 | Issue 10 | e78403

http://dx.doi.org/10.1056/NEJM199803263381301
http://dx.doi.org/10.1056/NEJM199803263381301
http://www.ncbi.nlm.nih.gov/pubmed/9516219
http://dx.doi.org/10.1097/01.qai.0000233310.90484.16
http://dx.doi.org/10.1097/01.qai.0000233310.90484.16
http://www.ncbi.nlm.nih.gov/pubmed/16878047
http://dx.doi.org/10.1016/S0140-6736(08)61113-7
http://www.ncbi.nlm.nih.gov/pubmed/18657708
http://dx.doi.org/10.1186/1471-2458-11-300
http://www.ncbi.nlm.nih.gov/pubmed/21569323
http://dx.doi.org/10.1071/SH05045
http://dx.doi.org/10.1071/SH05045
http://www.ncbi.nlm.nih.gov/pubmed/16800396
http://dx.doi.org/10.1371/journal.pone.0048839
http://dx.doi.org/10.1371/journal.pone.0048839
http://www.ncbi.nlm.nih.gov/pubmed/23144991
http://dx.doi.org/10.1093/cid/cir627
http://www.ncbi.nlm.nih.gov/pubmed/21998278
http://dx.doi.org/10.7326/0003-4819-153-7-201010050-00008
http://www.ncbi.nlm.nih.gov/pubmed/20921544
http://www.natap.org/2013/croi/croi_62.htm
http://www.ncbi.nlm.nih.gov/pubmed/19890183
http://dx.doi.org/10.1093/infdis/jit006
http://dx.doi.org/10.1093/infdis/jit006
http://www.ncbi.nlm.nih.gov/pubmed/23303810
http://dx.doi.org/10.1097/QAI.0b013e318249db17
http://dx.doi.org/10.1097/QAI.0b013e318249db17
http://www.ncbi.nlm.nih.gov/pubmed/22269799
http://www.ncbi.nlm.nih.gov/pubmed/23372574
http://dx.doi.org/10.1177/0884533611431985
http://www.ncbi.nlm.nih.gov/pubmed/22307491
http://www.ncbi.nlm.nih.gov/pubmed/23448171
http://dx.doi.org/10.1097/QAI.0b013e318246538f
http://www.ncbi.nlm.nih.gov/pubmed/22688010
http://dx.doi.org/10.1097/QCO.0b013e32834f14fa
http://dx.doi.org/10.1097/QCO.0b013e32834f14fa
http://www.ncbi.nlm.nih.gov/pubmed/22183112
http://dx.doi.org/10.1001/archinternmed.2012.4508
http://www.ncbi.nlm.nih.gov/pubmed/23045164
http://dx.doi.org/10.1097/01.mlr.0000223741.02074.66
http://dx.doi.org/10.1097/01.mlr.0000223741.02074.66
http://www.ncbi.nlm.nih.gov/pubmed/16849964
http://dx.doi.org/10.1111/j.1468-1293.2009.00757.x
http://www.ncbi.nlm.nih.gov/pubmed/19751364
http://dx.doi.org/10.1097/QAD.0b013e32835b8c7f
http://dx.doi.org/10.1097/QAD.0b013e32835b8c7f
http://www.ncbi.nlm.nih.gov/pubmed/23095314
http://vacs.med.yale.edu/ic/
http://www.abs.gov.au/ausstats/abs@.nsf/lookup/3302.0.55.001main+features12009-2011?opendocument
http://www.abs.gov.au/ausstats/abs@.nsf/lookup/3302.0.55.001main+features12009-2011?opendocument
http://www.abs.gov.au/ausstats/abs@.nsf/lookup/3302.0.55.001main+features12009-2011?opendocument
http://dx.doi.org/10.1161/CIR.0b013e31823ac046
http://www.ncbi.nlm.nih.gov/pubmed/22179539
http://dx.doi.org/10.1177/001316446002000104
http://dx.doi.org/10.1109/TAC.1974.1100705
http://www.abs.gov.au/ausstats/abs@.nsf/lookup/4364.0.55.001explanatory%20notes602011-12?opendocument
http://www.abs.gov.au/ausstats/abs@.nsf/lookup/4364.0.55.001explanatory%20notes602011-12?opendocument
http://www.abs.gov.au/ausstats/abs@.nsf/lookup/4364.0.55.001explanatory%20notes602011-12?opendocument
http://dx.doi.org/10.1097/QAD.0b013e328357f5ed
http://www.ncbi.nlm.nih.gov/pubmed/22824630


36. Kelly MD, Gibson A, Bartlett H, Rowling D, Patten J (2013) Tenofovir-
associated proteinuria. AIDS 27: 479-481. doi:10.1097/QAD.
0b013e32835883bf. PubMed: 22874515.

37. Wyatt CM, Hoover DR, Shi Q, Seaberg E, Wei C et al. (2010)
Microalbuminuria is associated with all-cause and AIDS mortality in
women with HIV infection. J Acquir Immune Defic Syndr 55: 73-77. doi:
10.1097/QAI.0b013e3181cc1070. PubMed: 20098331.

38. Australian Institute of Health and Welfare (2010) Australia's health
2010. Canberra: Australian Institute of Health and Welfare.

39. Australian Bureau of Statistics (2009) Australian Social Trends.
Canberra: Australian Bureau of Statistics.

40. Bloch M, Hoy J, Cunningham N, Roth N, Bailey M et al. (2012)
Adherence to HIV treatment guidelines for comorbid disease
assessment and initiation of antiretroviral therapy. J Acquir Immune
Defic Syndr 59: 478-488. doi:10.1097/QAI.0b013e31824a5473.
PubMed: 22367456.

41. Gracey D, Chan D, Bailey M, Richards D, Dalton B (2013) Screening
and management of renal disease in human immunodeficiency virus-
infected patients in Australia. Int Med J 43: 410-416. doi:10.1111/j.
1445-5994.2012.02933.x. PubMed: 22931386.

42. Tate JP, Freiberg M, Justice AC (2012) Do Risk Factors for
Cardiovascular Disease Improve VACS Index Prediction of All Cause
Mortality? International Cohorts Meeting 2012.

43. Goulet JL, Fultz SL, Rimland D, Butt A, Gibert C et al. (2007) Aging and
infectious diseases: do patterns of comorbidity vary by HIV status, age,
and HIV severity? Clin Infect Dis 45: 1593-1601. doi:10.1086/523577.
PubMed: 18190322.

44. Boyle RG, O'Connor P, Pronk N, Tan A (2000) Health behaviors of
smokers, ex-smokers, and never smokers in an HMO. Prev Med 31:
177-182. doi:10.1006/pmed.2000.0699. PubMed: 10938219.

45. Petoumenos K, Worm S, Reiss P, de Wit S, d'Arminio Monforte A et al.
(2011) Rates of cardiovascular disease following smoking cessation in
patients with HIV infection: results from the D: A:D study. HIV Med 12:
412-421.

46. Justice AC, Modur SP, Tate JP, Althoff KN, Jacobson LP et al. (2013)
Predictive accuracy of the Veterans Aging Cohort Study index for
mortality with HIV infection: a North American cross cohort analysis. J
Acquir Immune Defic Syndr 62: 149-163. doi:10.1097/QAI.
0b013e31827df36c. PubMed: 23187941.

47. the Queensland Government (2012) 2011 HIV/AIDS Report:
Epidemiology and Surveillance. Available: http://www.health.qld.gov.au/
sexhealth/documents/hivaidsannualreport.pdf. Accessed 2013 June 20.

Comorbidity, Ageing and Mortality in Men with HIV

PLOS ONE | www.plosone.org 8 October 2013 | Volume 8 | Issue 10 | e78403

http://dx.doi.org/10.1097/QAD.0b013e32835883bf
http://dx.doi.org/10.1097/QAD.0b013e32835883bf
http://www.ncbi.nlm.nih.gov/pubmed/22874515
http://dx.doi.org/10.1097/QAI.0b013e3181cc1070
http://www.ncbi.nlm.nih.gov/pubmed/20098331
http://dx.doi.org/10.1097/QAI.0b013e31824a5473
http://www.ncbi.nlm.nih.gov/pubmed/22367456
http://dx.doi.org/10.1111/j.1445-5994.2012.02933.x
http://dx.doi.org/10.1111/j.1445-5994.2012.02933.x
http://www.ncbi.nlm.nih.gov/pubmed/22931386
http://dx.doi.org/10.1086/523577
http://www.ncbi.nlm.nih.gov/pubmed/18190322
http://dx.doi.org/10.1006/pmed.2000.0699
http://www.ncbi.nlm.nih.gov/pubmed/10938219
http://dx.doi.org/10.1097/QAI.0b013e31827df36c
http://dx.doi.org/10.1097/QAI.0b013e31827df36c
http://www.ncbi.nlm.nih.gov/pubmed/23187941
http://www.health.qld.gov.au/sexhealth/documents/hivaidsannualreport.pdf
http://www.health.qld.gov.au/sexhealth/documents/hivaidsannualreport.pdf

	Co-Morbidity, Ageing and Predicted Mortality in Antiretroviral Treated Australian Men: A Quantitative Analysis
	Introduction
	Materials and Methods
	Ethics Statement
	Participants
	Estimating mortality
	Explanatory measures
	Statistical analyses

	Results
	Discussion
	Author Contributions
	References


