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Perspective

Aging, Inflammation, and HIV Infection

Prolonged survival in HIV infection is accompanied by an increased frequency
of non-HIV-related comorbidities. A number of age-related comorbidities
occur earlier in HIV-infected patients than in individuals without HIV
infection. This "accelerated aging” appears to be largely related to chronic
inflammation, chronic immune activation, and immunosenescence in HIV
infection. Levels of markers of inflammation and coagulopathy are elevated
in HIV-infected patients, and elevations in markers such as high-sensitivity
C-reactive protein, D-dimer, and interleukin 6 (IL-6) have been associated
with increased risk for cardiovascular disease, opportunistic conditions, or
all-cause mortality. In both HIV infection and aging, immunosenescence is
marked by an increased proportion of CD28-, CD57+ memory CD8+ T cells
with reduced capacity to produce interleukin 2 (IL-2), increased production
of IL-6, resistance to apoptosis, and shortened telomeres. A number of AIDS
Clinical Trials Group studies are under way to examine treatment aimed
at reducing chronic inflammation and immune activation in HIV infection.
This article summarizes a presentation by Judith A. Aberg, MD, at the
IAS-USA live continuing medical education course held in New York City in

chronic toxicity from treatment) the fre-
quency of comorbidities. Patients start-
ing antiretroviral therapy at higher
CD4+ cell counts do have persistent
recovery of CD4+ counts, suggesting
better preservation of immune func-
tion.

A study in the HOPS (HIV Outpa-
tient Study) cohort of 1378 patients
observed from 1996 to 2007 showed
that median CD4+ cell count peaks
were progressively higher (P < .001) in
patients with higher CD4 + cell counts
at treatment initiation (Figure 1).*
Multivariate analysis showed that com-
pared with patients with initial CD4 +
cell counts of 350/uL or above, mortali-
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Patients with HIV infection have had
a dramatic increase in life expectancy
with the use of potent antiretroviral
therapy. However, life expectancy for
many patients—particularly  those
with low CD4+ cell counts and those
on salvage regimens—is still shorter
than that for the general population.
Among the data showing increased
life expectancy in HIV infection are the
findings in the ATHENA (AIDS Therapy
Evaluation in the Netherlands) cohort
(N = 4174) indicating that HIV-infect-
ed persons who are asymptomatic
on antiretroviral therapy have an esti-
mated life expectancy nearly identical
to that of the general population. This
model suggested that HIV-infected pa-
tients aged 25 years and asymptom-
atic at 24 weeks after starting antiret-
roviral therapy had an estimated 52.7
life-years remaining, compared with
53.1 life-years for 25-year-old persons
in the general population.! The mod-
eled life expectancies of HIV-infected
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ty was 4.6 times more likely in patients
with initial CD4 + cell counts below 50/
pL and 2.6 times more likely in those
with initial counts of 50/uL to 199/uL.
A lower CD4+ cell count at initiation
of treatment was also associated with

patients presenting for care at older
ages and HIV-infected women were
somewhat lower than those in the gen-
eral population.

Increased survival in HIV-infected
persons has been accompanied by an
increase in comorbidities

increased risk of mortality from non-
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Figure 1. Median CD4+ cell count during first 6 years of
antiretroviral therapy according to initial CD4+ cell count
category. Adapted from Palella et al.

*Since Dr Aberg’s presentation, the IAS-USA guidelines have been revised and recommend
antiretroviral therapy for all patients with HIV infection regardless of CD4+ cell count,
with the strength of the recommendation increasing as CD4+ cell count decreases. See
Thompson et al.?
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earlier initiation of therapy and preser-
vation of CD4 + cell count might influ-
ence the frequency and nature of co-
morbidities in HIV infection.

A number of age-related morbidi-
ties occur at earlier ages in individuals
with HIV infection than in the general
population. As discussed further be-
low, this phenomenon of “accelerated
aging” may reflect chronic inflamma-
tion in HIV infection. Given the obser-
vation of earlier onset of age-related
morbidities in HIV infection, it is ques-
tionable whether primary care prac-
tice guidelines for the general popula-
tion are applicable to the HIV-infected
population. For example, there is some
evidence that HIV-infected patients de-
velop colorectal cancer precursor le-
sions and more advanced disease at
an earlier age than do persons in the
general population,® raising the ques-
tion of whether screening for colorec-
tal cancer should begin earlier (eg, at
age 40 years rather than 50 years) in
HIV-infected patients. It remains to
be determined whether primary care
guidelines specific to the HIV-infected
population might reduce the frequency
of comorbidities in this population.

Aging and HIV Infection

Considerable attention has been given
to the idea that patients with HIV infec-
tion age more rapidly than HIV-unin-
fected individuals, as suggested by the
occurrence of age-related comorbidi-
ties at earlier ages in those with HIV in-
fection. This phenomenon appears to
reflect, in large part, the increased risk
for a number of disease states stem-
ming from chronic inflammation and
immunosenescence, both of which oc-
cur in HIV infection.

Studies in women with systemic
lupus erythematosus have shown that
they have a dramatically increased
risk of myocardial infarction (MI) com-
pared with age-matched controls in
the general population. Yet few would
say that patients with lupus are at in-
creased risk for MI because they are
aging faster. Instead, it can be said
that patients with lupus have a chronic
inflammatory disease that puts them
at risk for comorbidities. Patients with
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HIV infection have begun to think of
themselves as aging faster—it may
be better if practitioners, when con-
fronted with this message, explain that
HIV infection is a chronic inflamma-
tory condition that may be associated
with comorbidities. Patients should
be informed that there appears to be
a higher prevalence of comorbidities
at all ages among persons with HIV
infection. Treatment of lupus reduces
inflammation, as demonstrated by
observation of validated biomarkers
of inflammation, and reduces risk for
cardiovascular disease. It is hoped that
treatment of HIV infection will have
similar results.

To emphasize the distinction be-
tween chronic inflammation and aging,
age-related hearing loss (a hallmark of
aging) can be considered.® Hearing
impairment was recently assessed in
MACS (Multicenter AIDS Cohort Study)
and WIH (Women’s Interagency HIV
Study), involving 334 men with a me-
dian age of 54 years, 46% of whom
had HIV infection, and 178 women
with a median age of 45 years, 77%
of whom had HIV infection. Testing
for hearing impairment via distortion-
product otoacoustic emissions showed
that risk factors for impairment were a
10-year increase in age, male sex, and
nonblack race. HIV infection was not
a risk factor for hearing loss, and nei-
ther were antiretroviral therapy, nadir
CD4+ cell count, nor HIV RNA level. In
fact, greater hearing loss was detected
in persons without HIV infection.

Comorbidities in HIV Infection:
Inflammation and “Inflamm-
Aging”

Chronic adverse effects of antiretro-
viral therapy, HIV infection itself, tra-
ditional risk factors, or a combination
of all of these contribute to increased
risk of coronary heart disease in HIV-
infected patients, as well as increased
frequency of a number of metabolic
abnormalities and other comorbidi-
ties. Osteoporosis and hypogonadism
occur at an earlier age in HIV-infected
persons. There is no reason to expect
that antiretroviral therapy provides pro-
tection from development of malignan-
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cies at the ages at which they are seen
in the general population, including
esophageal, lung, rectal (human papil-
loma virus-related), renal, and liver
cancers. In fact, lung cancer is more
prevalent in HIV-infected persons than
in the general population after adjust-
ment for smoking, with any potential
interaction between HIV and this ma-
lignancy remaining undefined.” As not-
ed previously, colorectal cancer precur-
sor lesions and more advanced disease
are more prevalent at a younger age in
HIV-infected individuals.

It is clear that the vast majority of
deaths in HIV-infected patients in de-
veloped countries are currently not
caused by AIDS-defining illnesses. In a
study reported in 2008 that examined
mortality in patients from 3 random-
ized HIV clinical trials, AIDS-defining
illnesses accounted for only 10% of
mortality. Non-AIDS-defining malig-
nancies accounted for 21% of mortal-
ity and unknown causes accounted for
18%; other specific causes, including
cardiovascular disease, liver disease
(excluding malignancy), non-AIDS-
defining infection, suicide, trauma-
related or accidental causes, and drug
overdose or acute intoxication, each
accounted for 9% or less of mortality.®

There are also data to indicate that,
compared with the general population,
HIV-infected patients have greater
rates of mortality per given level of co-
morbidity as classified by the Charlson
Comorbidity Index (CCI). The CCl is a
scale that was initially developed for
use in longitudinal studies to classify
comorbid conditions that alter the risk
for 1-year mortality after hospitaliza-
tion, with a greater number of points
indicating greater severity of the con-
dition. For example, an MI is assigned
a value of 1 point, whereas diabetes
with end-organ damage is 2 points.
Lymphoma is 2 points whereas a meta-
static solid tumor is 6 points. In a recent-
ly reported study, Lohse and colleagues
adapted the CCI to determine if survival
from time of HIV diagnosis in HIV-infect-
ed persons differed from that in age- and
sex-matched HIV-uninfected persons
with identical CCI scores.” Survival was
statistically significantly reduced among
HIV-infected persons with CCI scores of



0, 1, or 2 at diagnosis, suggesting that the
impact of preexisting conditions may be
worsened in HIV infection (Figure 2).

Role of Inflammation and
Immunosenescence

Inflammation can be described as
part of the body’s complex biological
response to harmful stimuli such as
pathogens and cell damage. Frances-
chi and colleagues coined the term “in-
flamm-aging” to describe the interplay
between inflammation and aging, me-
diated by proinflammatory cytokines
and other proinflammatory and proco-
agulant factors, in such conditions as
atherosclerosis, Alzheimer’s disease,
type 2 diabetes, osteoporosis, arthritis,
cerebrovascular disease, chronic pul-
monary disease, and thromboembolic
disorders.'o!

HIV infection does indeed share
numerous clinical similarities with ag-
ing, including an increased incidence
of cardiovascular disease, malignancy,
infection, chronic viral reactivation,
sarcopenia and osteopenia, neurocog-
nitive decline, and frailty. HIV infection
results in T-cell activation and immu-
nosenescence, which is characteristic
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of aging. In both HIV infection and
aging, immunosenescence is marked
by an increased proportion of CD28-,
CD57+ memory CD8+ T cells with re-
duced capacity to produce interleukin
2 (IL-2), increased production of inter-
leukin 6 (IL-6), resistance to apoptosis,
and shortened telomeres. Up to half
of peripheral CD8+ T cells are activat-
ed in HIV-infected patients; less than
10% are activated in healthy persons
without HIV infection. One study of
HIV-infected persons with a median
age of 56 years and good immune
reconstitution and viral suppression
showed that they had T-cell character-
istics similar to those of a group of HIV-
uninfected subjects with a median age
of 88 years.'?

A very similar phenomenon of “in-
flamm-aging” has been observed in
persons with cytomegalovirus (CMV)
infection. CMV-seropositive persons
older than 65 years have a much
greater expansion of CD28- cells than
age-matched CMV-seronegative con-
trol subjects, with many of these cells
representing the oligoclonal expansion
of CMV-specific T cells. Although the
clinical significance of these findings
remains unclear, it has been observed
that older CMV-sero-
positive persons are
less likely to respond
to vaccines than age-
matched  CMV-sero-
negative  persons,'’
and that CMV-associ-
ated immune system
changes are predic-
tive of early mortal-
ity among older per-
sons.'*

Several studies
have shown increased
levels of biomarkers
of inflammation in
HIV-infected patients
and an association of
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these elevated levels
with increased risk for
poorer outcomes and
all-cause mortality. A

Figure 2. Survival after HIV diagnosis in HIV-infected patients
(HIV+) and matched HIV-uninfected controls (HIV-) according
to Charlson Comorbidity Index (CCl) score at time of diagnosis. for

Adapted from Lohse et al.®

case-control study in
the SMART (Strategies
Management of
Antiretroviral Therapy)
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trial population measured levels of the
biomarkers high-sensitivity C-reactive
protein (hs-CRP), IL-6, and D-dimer
in patients with an opportunistic in-
fection (OI) event. Levels of these
markers were statistically significantly
increased at the last measurement be-
fore Ol onset, compared with levels
at matched time points in control pa-
tients without an opportunistic infec-
tion.'> Median CD4+ cell count was
statistically ~significantly lower and
plasma HIV RNA level was statistically
significantly higher among patients
with an Ol event. The association of Ol
occurrence with elevated hs-CRP and
IL-6 remained statistically significant
on multivariate analysis, indicating an
effect independent of low CD4+ cell
count and elevated viral load.

Another study compared levels of
inflammatory markers in patients in
the SMART trial with levels in a long-
term cohort of non-HIV-infected sub-
jects without coronary heart disease
who were being observed for athero-
sclerosis (MESA, Multi-Ethnic Study
for Atherosclerosis). The study showed
that after adjustment for age, sex, race,
and factors such as dyslipidemia and
smoking (which were more prevalent
among HIV-infected patients), HIV-in-
fected patients exhibited an approxi-
mately 50% higher hs-CRP level, 150%
higher IL-6 level, 90% higher D-dimer
level, and 25% higher cystatin-C level.'®

Another nested case-control study in
the SMART population examined the as-
sociation of inflammatory markers with
all-cause mortality, with adjustment for
numerous potential cofactors includ-
ing age, race, antiretroviral therapy,
HIV RNA level, CD4+ cell count, body
mass index, total and high-density li-
poprotein (HDL) cholesterol, smok-
ing, diabetes, hepatitis B virus (HBV)
and hepatitis C virus (HCV) coinfec-
tion, and use of lipid-lowering and
antihypertension  medication.  On
this analysis, the adjusted odds ratios
(ORs) for mortality when compar-
ing the highest quartile of values for
each biomarker with the lowest quar-
tile were 3.1 for hs-CRP (P =.02), 3.1
for amyloid A (P = .05), 12.4 for IL-6
(P<.0001), and 41.2 for D-dimer
(P < .0001).'" The SMART trial included
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a group receiving continuous antiret-
roviral therapy and a treatment inter-
ruption group. Among patients in the
treatment interruption group who had
plasma HIV RNA levels of 400 copies/
mL or below at the time of antiretro-
viral therapy interruption, D-dimer
levels increased by 27% (P < .001).
Among patients not receiving antiret-
roviral therapy at study entry, initiation
of therapy was associated with a 22%
decrease in D-dimer level (P < .001).

A case-control study in the FIRST
(Flexible Initial Retroviral Suppressive
Therapies) trial population of antiretro-
viral therapy-naive patients examined
the association between pretreatment
biomarker levels and risk for AIDS or
death. Pretreatment patients who de-
veloped AIDS or who died had statis-
tically significantly elevated median
levels of D-dimer (OR, 2.4; P<.01), CRP
(OR, 2.1; P< .01), IL-6 (OR, 1.8; P=.01),
IL-10 (OR, 1.5; P=.02), and hyaluronate
(OR, 1.7; P < .01), with an increase in
IL-8 approaching statistical significance
(OR, 1.5; P =.08). Pretreatment inter-
feron gamma (y) and tumor necrosis
factor alpha (TNF-a) levels were not
statistically significantly increased in
case patients.'®

A summary of the relationships be-
tween inflammatory and coagulopa-
thy markers and adverse outcomes
in randomized controlled trials in
HIV-infected subjects indicates that in
addition to being associated with
mortality, elevated D-dimer is associ-
ated with increased risk of cardiovas-
cular disease; hs-CRP and IL-6 are as-
sociated with cardiovascular disease
and opportunistic disease, and soluble
CD14 (sCD14) is associated with mi-
crobial translocation.'” Antiretroviral
therapy has been found to reduce D-
dimer levels and may reduce IL-6 lev-
els, but has not been found to reduce
hs-CRP levels, and its effect on sCD14
is unknown. It has been observed that
although antiretroviral therapy reduces
levels of some biomarkers, these levels
still remain elevated compared with
levels in HIV-uninfected persons.
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Studies of Modulation of
Immune Activation and
Inflammation in HIV Infection

Although we are beginning to identify
inflammation markers that appear to
be associated with risk of poor out-
come in HIV infection and are observ-
ing changes in some of these markers
with antiretroviral therapy, it is still
unclear how patients should be treat-
ed on the basis of this information
or whether these markers should
be used to assess potential risk reduc-
tion. Studies examining these issues
are under way.

ACTG (AIDS Clinical Trial Group)
A5275 is evaluating modulation of im-
mune activation with statin therapy
(atorvastatin) in HIV-infected patients
without hyperlipidemia.?® In addi-
tion to lowering low-density lipopro-
tein (LDL) cholesterol, the blocking of
HMG-CoA reductase by statins reduces
activation of guanosine triphosphate
(GTP)-binding proteins (Ras and Rho)
that act as molecular “switches” and
regulate transcription of inflamma-
tory response genes. Statins have been
shown to reduce CD8+ T cell activa-
tion and reduce expression of IL-6,
hs-CRP, D-dimer, sCD14, and TNF-q,
with reductions in these biomarkers
observed in numerous other settings
including sepsis, pneumonia, influ-
enza, chronic obstructive pulmonary
disease, hepatocellular carcinoma, and
cardiovascular disease.

In the JUPITER (Justification for
the Use of Statins in Primary Preven-
tion: An Intervention Trial Evaluating
Rosuvastatin) study,?'2* treatment with
rosuvastatin statistically significantly
reduced mortality and risk of venous
thrombotic disease in apparently
healthy subjects with elevated hs-CRP
(> 2 mg/dL) and “normal” LDL cho-
lesterol (< 130 mg/dL). It should be
noted that the protective effects of
statin therapy in this trial were only
weakly correlated with the reductions
in hs-CRP and LDL cholesterol, leav-
ing it unclear precisely how statins are
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producing such benefits in this setting.
In addition to ACTG A5275, a num-
ber of other trials are examining im-
mune activation, immunosenescence,
and inflammation in HIV infection.
Effects of rifamixin and sevelamer
(which binds lipopolysaccharide) on
microbial translocation are being ex-
amined, as are anticytokine or immu-
nomodulatory effects of chloroquine,
vitamin D, statin therapy, and HDL
cholesterol-raising therapy with nia-
cin or fibrates. Other potential strate-
gies that warrant investigation include
attempts to reduce inflammatory
effects on end organs with such agents
as aspirin, methotrexate, colchicine,
fish oil, or a polypill regimen including
a statin and low-dose warfarin or some
combination of antiinflammatories.

Summary

In summary, although cohort stud-
ies demonstrate that patients who
are virologically suppressed on anti-
retroviral therapy are still at greater
risk of developing comorbidities at all
ages, the precise mechanism has not
been identified. Immune activation in
HIV-infected patients suppressed on
antiretroviral therapy has been attrib-
uted to endotoxemia resulting from a
compromise in immunity caused by
destruction of T cells in gut-associated
lymphoid tissue and by residual HIV
viremia. Lichtfuss and colleagues have
also shown that natural Killer cells re-
main activated in virologically sup-
pressed patients on antiretroviral ther-
apy and that defective natural Killer
cell antibody-dependent cell-mediated
cytotoxity signaling is not restored by
therapy, therefore contributing to such
risk.?> However, studies that clearly
demonstrate a cause and effect that
the latent virus is responsible for this
increased risk of comorbidities are not
available nor are there data to confirm
that targeting inflammation and reduc-
ing markers of immune activation will,
in fact, reduce this risk.
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