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Background. Antiretroviral therapy has reduced the incidence of adverse events and early mortality in HIV-infected 
persons. Despite these benefits, important comorbidities that increase with age (eg, diabetes, cardiovascular disease, 
cancer, liver disease, and neurocognitive impairment) are more prevalent in HIV-infected persons than in HIV-uninfected 
persons at every age, and geriatric syndromes such as falls and frailty occur earlier in HIV-infected persons. This raises 
a critical research question: Does HIV accelerate aging through pathways and mechanisms common to the aging process 
or is HIV simply an additional risk factor for a wide number of chronic conditions, thus accentuating aging?

Methods. Extensive literature review.

Results. The purpose of this review is to briefly outline the evidence that age-related clinical syndromes are exacer-
bated by HIV, examine the ways in which HIV is similar, and dissimilar from natural aging, and assess the validity of 
HIV as a model of premature aging. Specific biomarkers of aging are limited in HIV-infected hosts and impacted by 
antiretroviral therapy, and a high rate of modifiable life style confounders (eg, smoking, substance abuse, alcohol) and 
coinfections (eg, hepatitis) in HIV-infected participants.

Conclusions. There is a need for validated biomarkers of aging in the context of HIV. Despite these differences, 
welldesigned studies of HIV-infected participants are likely to provide new opportunities to better understand the mecha-
nisms that lead to aging and age-related diseases.
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MAjOR reductions in HIV-associated mortality have  
occurred as a result of the widespread use of antiret-

roviral therapy (ART). Median life expectancy for HIV-
infected individuals treated with ART increased from 
55 years of age in 1996 to 70 years by 2005, and about half 
of the HIV-infected persons in the United States, will be 
>50 years of age by 2015 (1,2). Even in sub-Saharan Africa 
14.3% of HIV-infected adults are older than 50 years of age 
(3), and that number is expected to triple within the next 
30 years in South Africa (4) with similar trends in Asia (5).

These life expectancy gains are largely due to the pre-
vention of AIDS-related events after ART administration, 
but they are also due to a decrease in diseases and condi-
tions that are not generally considered to be “AIDS-related” 
(6,7). These chronic illnesses, termed HIV-associated non-
AIDS conditions, are frequently chronic conditions that are 

linked with advancing age and chronic inflammation (car-
diovascular disease, cancers, liver disease, renal disease, 
and neurocognitive decline). Accumulated comorbidities 
in multiple systems lead to geriatric syndromes—multi-
morbidity, polypharmacy, frailty, and even falls an average 
of 15–20 years earlier than in HIV-uninfected participants 
(6–19).

A critical research question is whether HIV is acceler-
ating aging itself through pathways and mechanisms com-
mon to the aging process (19,20), or, alternatively, HIV 
may simply be an additional risk factor for a wide number 
of chronic conditions thus accentuating the prevalence of 
disease at every age (Figure 1) (7,19). Although this may 
seem to be a semantic difference, it is critical to defining 
approaches that mitigate the sequelae of aging with HIV 
infection, and perhaps aging in uninfected persons.
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To resolve this question, it will be important to account 
for differential exposure to risk factors (eg, smoking, 
alcohol, non-HIV sexually transmitted diseases) between 
HIV-infected and HIV-uninfected populations that are 
likely to result in residual confounding when assessing 
associations of HIV with increased risk of age-related 
illness. This situation is further complicated by concern 
that toxicities of ART, not HIV itself, may contribute to 
aging and age-related illness. However, in the Strategies 
for Management of Antiretroviral Therapy study that 
examined an aggressive treatment strategy versus a drug-
conserving strategy, deaths from HIV-associated non-
AIDS conditions were much more common in the drug 
conservation group including higher rates of major car-
diovascular, renal, and liver disease (10–12), suggesting 
uncontrolled HIV is more detrimental than ART in this 
regard. Further, many age-related illnesses are driven by 

HIV itself, though drug toxicity may play a role in spe-
cific organ systems. Because it is unethical to withhold 
ART once CD4 counts fall below specific thresholds, it 
is nearly impossible to separate HIV infection from ART 
duration and potential toxicities except when explicit 
adverse events or mechanisms have been linked to indi-
vidual drugs. Further insight regarding morbidity due to 
HIV itself versus the drugs used to treat HIV may be pro-
vided by ongoing studies (19,21–24).

The purpose of this review is to examine the ways in 
which HIV is similar, and dissimilar, from natural aging 
(Table 1), and to assess the validity of HIV as a model 
of premature aging. We have divided the text into three 
parts: (i) a very brief review of selected clinical illnesses 
and age-related syndromes in HIV-infected populations; 
(ii) common pathways thought to lead to chronic illness 
(eg, immune activation and senescence, inflammation, 

Figure 1. Hypothetical age-at-diagnosis distributions of cancer in the AIDS and general populations. (A) Accentuated: cancer occurs at the same ages but more 
often among HIV-infected participants than among HIV-uninfected comparators. (B) Accelerated and accentuated: cancer occurs earlier among HIV-infected partici-
pants compared with HIV-uninfected comparators and there are more cancer events. Reprinted from reference (38) with permission.
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hypercoagulation, and body composition) both in those 
with and without HIV, and (iii) proposal of novel bio-
markers of aging (BoA) minimally affected by HIV viral 
replication or ART that may constitute new biomarkers 
to measure aging in complex populations such as those 
with HIV.

Age-Related Conditions in HIV-Infected Persons
The hypothesis of premature aging in HIV has received 

criticism primarily due to limitations in characterization 
of participants, in particular, the possibility of differential 
exposure to potential risk factors between HIV-infected 
and HIV-uninfected populations (20,25,26). The differ-
ential exposures to risk factors between HIV-infected and 
HIV-uninfected populations and residual confounding could 
result in an apparent increased risk of age-related outcomes. 
Previous studies have also compared HIV-infected and unin-
fected populations from different cohorts and do not always 
take into consideration comorbid conditions that may influ-
ence outcome measures. Comparing HIV-infected with unin-
fected persons who have a lower burden of non-HIV–related 
conditions makes it difficult to determine whether elevated 
biomarkers are driven by HIV infection or by the increased 
comorbidity burden among the HIV-infected persons (27).

A full review of the increased incidence of specific clini-
cal illnesses in those with HIV is beyond the scope of this 
review, but a few examples are provided for context. For 
example, cardiovascular risk factors and rates of acute coro-
nary syndromes are markedly increased in HIV-infected 
versus age-matched control participants (28), and coronary 
artery “age” assessed by coronary artery calcium score is 
accelerated on average by about 15 years (29). Higher levels 
of C-reactive protein, interleukin-6 (IL-6), and D-dimer have 
been shown to be significantly associated with an increased 
risk of all-cause mortality in HIV-infected individuals not 
on ART, and much of this is cardiovascular mortality (12). 

Specific ART drugs also may be causally associated with 
early heart disease, even after controlling for age and tradi-
tional cardiovascular risk factors (11). Further, lipodystro-
phy, a syndrome of metabolic abnormalities (altered body 
fat, hyperlipidemia, and insulin resistance) is common in 
HIV-infected patients receiving ART (30). The redistribution 
of fat mass and progression to metabolic syndrome (12/100 
patient-years) typically occurs within 3 years after the initia-
tion of ART (31) when weight gain is greatest, substantial 
increasing cardiovascular disease risk. Enhanced cardiovas-
cular aging is not limited to coronary artery disease. Left 
ventricular diastolic dysfunction and increased vascular 
stiffness (32–34) are more common in HIV-infected par-
ticipants versus uninfected, age-matched controls even after 
controlling for hypertension and other risk factors.

Other organ system illnesses are also more prevalent in 
those with HIV including kidney disease (35), low bone 
mineral density and fractures (36), and a number of non-
AIDS–defining cancers (37). Interestingly, although cancer 
is more common in those with HIV, it may be only mini-
mally “accelerated” with regard to age at diagnosis (38). It 
is important to note that some age-related cancers are not 
increased in those with HIV; there is no increased risk of 
breast cancer in women or prostate cancer in men (38).

Geriatric Syndromes
Multimorbidity is common, occurring in up to 65% of 

U.S. HIV-infected participants, occurs at an earlier age 
than in HIV-uninfected participants, and obesity is associ-
ated with a higher likelihood of multimorbidity (9). The 
best-validated index of multimorbidity in HIV patients, the 
veterans aging cohort study index, integrates HIV-specific 
parameters and evidence of impaired end-organ reserve 
(39), and is predictive of the risk of death, hospitalization, 
intensive care unit hospitalization, frailty, and markers of 
inflammation, coagulation, and monocyte activation (27).

Table 1. Similarities and Dissimilarities Between HIV Disease and Normal Aging

Similarities Between HIV Infection and Normal Aging Differences Between HIV Infection and Normal Aging

Syndromes
Frailty phenotype associated with obesity Increased substance abuse, smoking, mental health issues, and social isolation in 

HIV
Cardiovascular pathology–vascular stiffness/calcifications, diastolic  

dysfunction
HIV increases the risk of many cancers, but does not increase the risk of: the two 

most influenced by age—breast and prostate cancer
Multimorbidity and polypharmacy
Bone loss and fragility fractures
Neurocognitive decline—prevalent mild cognitive impairment and increased 

dementia
Prevalent chronic renal insufficiency
Mechanisms
Thymic involution—loss of naive T-cell production HIV infection typically absent in aging—HIV replication not a source of immune 

activation or inflammation in aging
Immune senescent phenotype—accumulation of end-stage (short telomeres, 

CD28−) effector T cells with senescence-associated secretory phenotype
Antiretroviral therapy confounds aging in the presence of HIV

Prevalent low-level inflammation
Sarcopenia–muscle loss/fatty infiltration in muscle, reduced power and 

contractile force
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Frailty is also prevalent in HIV-infected patients. The most 
widely published definition of frailty in HIV-infected partici-
pants is the Fried frailty phenotype (40) generally described 
as the presence of at least three of the following five crite-
ria: unintentional weight loss; exhaustion; low level of physi-
cal activity; slow motor performance; and weakness (7,41). 
Early in the HIV epidemic, frailty was more common in 
those with advanced HIV disease, wasting and a low body 
mass index, but with the widespread use of ART, more recent 
studies suggest frailty in HIV is now associated with central 
adiposity, sarcopenia, and the density of muscle fat (42) mir-
roring non-HIV–infected seniors. Frail HIV participants have 
significantly higher serum IL-6 levels and significantly lower 
hemoglobin and/or hematocrit than non-frail participants (43).

As in HIV-uninfected participants, age is a major predic-
tor of cognitive impairment in HIV-infected participants. In 
the pre-ART era of HIV, dementia was three times (19%) 
more prevalent among patients older than 75  years com-
pared with patients younger than 35 years (6%) (44). Older 
individuals with viral replication within the central nervous 
system (detectable HIV in cerebrospinal fluid) have twice 
the prevalence of neuropsychological impairment and there 
is an interaction of viral burden with age (45). Advanced 
AIDS patients on ART typically experience stable or 
improved cognition (performance on neuropsychological 
tests 3–5 y after initiating ART), but remain more impaired 
than the general population (46).

Immunological and Inflammatory Changes in 
HIV Infection—Parallels With Aging

Inflammation and activation of coagulation pathways 
are central to the pathophysiology leading to morbidity 
and mortality in HIV as demonstrated by data from the 
Strategies for Management of Antiretroviral Therapy study, 
which showed that IL-6 and D-dimer were strongly related 
to non-AIDS–defining comorbidities and all-cause mortal-
ity in patients on ART (12). Although CD4+ T-cell count and 
HIV plasma viral load are routinely used to monitor clinical 
response to ART, ongoing immune activation (ie, expres-
sion of activation markers on the surface of T cells) more 
accurately predicts HIV disease progression to AIDS and 
death (47,48). Immune activation is a hallmark of chronic 
HIV infection and may be mediated by several mechanisms: 
increased pathogen burden as a result of impaired immunity, 
chronic viral replication of HIV and other viruses (eg, cyto-
megalovirus [CMV], hepatitis viruses), and microbial trans-
location of bacterial products across damaged mucosa (eg, 
in the gut). These factors may also drive chronic immune 
activation in HIV-uninfected seniors (49).

Immune activation (ie, T-cell activation) seems to be of par-
ticular importance in ART-naive patients, and in those with 
undetectable plasma HIV RNA levels in the absence of ART 
(aka “elite controllers”) (50,51). However, in ART-treated 
patients it appears that inflammation (ie, macrophage activation 

and cytokine secretion) may play a more important role in the 
development of morbidity and mortality. Additionally, various 
antivirals have been shown to induce inflammatory signals and 
may contribute to inflammation (52). These relationships are 
further explored in the following paragraphs.

T-Cell Activation and Senescence in Chronic 
HIV Infection

Many of the T-cell abnormalities associated with aging are 
similar to those observed in untreated HIV infection (7,49,53) 
(Table  1). Immunosenescence is collectively defined as the 
functional limitation of immunity resulting from age-associated 
changes in a variety of cells related to both innate and adaptive 
immunity, and an imbalance between the two arms (54).

The immune system in the elderly participants is charac-
terized by progressive enrichment of terminally differentiated 
T cells (primarily CD8+ effector cells), a reduction in T-cell 
renewal manifested by a decline in naive T cells and a lower 
ratio of CD4+ to CD8+ cells, increased T-cell activation, and 
increased levels of several inflammatory markers. This trans-
lates into a state of immune senescence characterized by low-
level, constitutive inflammation, but an inability to rapidly 
mount adequate immune activation upon challenge (either by 
a vaccine or infecting organism) (49). The expansion of termi-
nally differentiated T cells is likely due to chronic, repetitive 
stimulation, particularly by endogenous viruses that establish 
chronic infection (eg, CMV, HIV, hepatitis viruses). Such 
cells can be identified by the loss of cell surface CD28 expres-
sion and gain of CD57 expression (reviewed in reference 55). 
CD28 is a costimulatory molecule on T cells; binding to its 
ligand, CD80, on antigen-presenting cells leads to IL-2 pro-
duction, telomerase activation, and “survival cytokine sig-
nals” for nearby T cells. Loss of CD28 occurs on CD4+ cells 
and is associated with reduced T-cell–driven B-cell prolifera-
tion and antibody production. However, CD28− cells rarely 
comprise >10% of all CD4+ T cells even in far advanced age. 
In contrast, CD28− cells accumulate to tremendous levels in 
the CD8+ T-cell compartment, and in extreme old age, these 
CD8+/CD28− T cells can account for >70% of all circulating 
T cells (56). Furthermore, elderly CMV-seropositive adults 
have lower CD4/CD8 ratios, lower naive T-cell numbers, and 
higher frequencies of the CD8+CD28− phenotype compared 
with CMV-seronegative adults (57). Loss of CD28 on T cells 
is a key indicator of immune senescence (49), and CD8+/
CD28− T-cell percentage is highly correlated with impaired 
vaccine responses (58). Further, CD28−/CD8+ T cells acquire 
a “senescence-associated secretory phenotype” (59,60) in 
which excessive, constitutive secretion of proinflammatory 
cytokines occurs. Although any cell type can acquire the 
senescence-associated secretory phenotype, senescent T cells 
are able to produce extremely high levels of cytokine (61,62).

Continuous stimulation of the immune system by HIV, 
and perhaps other viral coinfections (CMV, hepatitis C) 
greatly accelerates the progression of immune changes to 
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that of an immune senescent phenotype. Depletion of T-cell 
precursors also leads to a progressive loss of the naive T 
cells, further promoting an imbalance of T-cell phenotypes 
similar to that observed in the elderly participants (49). 
ART-treated patients with a fully suppressed viral load 
(median age 56 years, <50 HIV-1 RNA copies/mL, median 
CD4 count 724 cells/mm3) have frequencies of senescent 
CD8+ T cells (CD57+CD28− phenotype) similar to HIV-
negative individuals decades older (median age 88 years) 
(63). There is also a strong association between CMV sero-
positivity and an increased number of CD28− CD4 or CD8 
T cells (64,65)—see section on CMV below.

Immunosenescence is associated with clinical outcomes 
in HIV infection. In a large cohort of HIV-infected adults 
initiating ART, a low pre-ART CD4 nadir was associated 
with higher percentages of CD28−CD4+ and CD28−CD8+ 
cells. Effective ART reduced the proportion of CD28− T 
cells. However, levels remained abnormally high and closer 
to levels in older HIV-uninfected individuals (66). Another 
study suggested that untreated HIV-1 infection and pro-
gression is associated with premature aging of memory 
CD8+ and CD4+ T cells and reduced levels of naive CD4+ 
T cells (67). T-cell activation and senescence also pre-
dict subclinical carotid artery disease in HIV-infected 
women. Compared with HIV-uninfected women, frequen-
cies of CD4+CD38+HLA-DR+, CD8+CD38+HLA-DR+, 
and CD8+CD28−CD57+ T cells were higher among HIV-
infected women, including those who achieved viral 
suppression while receiving ART. Among HIV-infected 
patients, higher frequencies of T cells expressing markers 
of activation (CD38, HLA-DR) and senescence (presence 
of CD57, absence of CD28) were associated with greater 
arterial wall thickness (68). Markers of T-cell activation 
(CD4+CD38+HLA-DR+) are also associated with increased 
vascular stiffness among HIV-infected women (69).

Microbial Translocation as a Model  
of Immune Activation

Microbial translocation of bacterial products across dam-
aged mucosal surfaces, primarily in the gut, may contrib-
ute to immune activation. Gastrointestinal tract mucosa is a 
major site of T-cell destruction in the first few weeks after 
HIV infection, and profound CD4+ T-cell depletion is pre-
sent at all stages of HIV disease (70). This leads to poor 
epithelial surface integrity, facilitating the translocation of 
microbial products such as lipopolysaccharides across the 
“leaky” mucosa into the systemic circulation (71). This 
early loss of gut mucosal integrity provides a source for 
continuous activation of innate immune cells such as mono-
cytes/macrophages and dendritic cells. Binding of various 
microbial products such as lipopolysaccharides to Toll-like 
receptors on these cells and its related signaling molecule 
CD14 induces the release of proinflammatory cytokines and 
further activation of the immune system (72).

Age-related increases in innate immune biomarkers such 
as CXCL10 and soluble CD163 may occur independently 
of senescent changes in CD8+ T lymphocytes in those with 
HIV (73). HIV infection in women confers the equivalent of 
a 10–14 year increase in the levels of innate immune aging 
markers (73). Young HIV-infected men exhibit age-related 
changes to the monocyte phenotype and levels of innate 
immune activation that resemble those observed in HIV-
uninfected individuals aged approximately 30 years older 
(74). Higher plasma levels of soluble CD14 and progres-
sion of atherosclerosis have been observed in HIV-infected 
adults (75), and as a predictor of the development of hyper-
tension (76). Soluble CD14 has also been demonstrated to 
independently predict all-cause mortality in HIV-infected 
individuals (77). Interestingly, HIV-1 elite controllers 
spontaneously maintain suppressed levels of viremia, but 
exhibit significant persistent T-cell activation and inflam-
mation (50). Soluble CD163 was markedly increased in 
elite controllers compared with ART-treated patients and 
HIV-negative controls. The prevalence of atherosclero-
sis was also increased in elite controllers compared with 
uninfected control participants (78). This demonstrates that 
despite excellent virologic and immunologic control and no 
confounding ART, HIV infection confers significant innate 
immune activation and coronary atherosclerosis risk.

CMV Coinfection: An Important Additive 
Factor in Immune Activation?

CMV coinfection is very common, 90%–100%, in HIV-
infected populations (79) and chronic CMV infection is 
associated with accelerated immunosenescence and mortal-
ity among the healthy elderly populations suggesting a major 
role for this virus in aging (80). Long-term successfully 
treated HIV-infected individuals have high levels of CMV-
specific effector cells, similar to that observed in the elderly 
participants, but occurring about 40 years earlier (81). The 
possible role of CMV in cardiovascular risk has also been 
investigated, and HIV-infected women with increased CMV 
immunoglobulin G levels were more likely to have carotid 
artery stiffness compared with uninfected controls (82). In 
a population comprising both genders, HIV-infected partici-
pants had thicker carotid intima-media thickness compared 
with controls. While HIV patients also had higher T-cell acti-
vation, high-sensitivity C-reactive protein levels, and CMV-
specific T-cell responses, only CMV-specific T-cell responses 
were independently associated with intima-media thickness 
(83), suggesting that CMV-specific T-cell response may be 
the driving force linking HIV and carotid intima-media thick-
ness. CMV and HIV may influence immunological aging 
in an additive manner, however, it has also been suggested 
that CMV may be the “smoking gun” in immunosenescence 
among persons coinfected with both pathogens, increasing 
the rate of immunological aging and the development of 
chronic diseases of inflammatory etiology, especially among 
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those receiving ART (84). Thus, CMV or HIV may be codriv-
ers of immunosenescence, or it may be that CMV accentuates 
or accelerates this mechanism. Possible mechanisms for the 
very high frequencies of CMV-specific T cells in antiretrovi-
ral-treated HIV disease include subclinical CMV replication 
and/or a dysregulated and heightened immunologic response 
to a normal level of CMV replication (82,84).

Biomarkers of Immune Dysfunction in HIV
In HIV infection, the heightened inflammation and 

immune dysfunction related to accelerated aging has stimu-
lated assessment of several relevant biomarkers including 
C-reactive protein, IL-6, and D-dimer and their associations 
with age-related morbidity and HIV infection. These bio-
markers of immune dysfunction have been reviewed (85). 
Developing interventions to decrease persistent inflamma-
tion in treated HIV infection is fast evolving as a priority 
within HIV research agenda (19,86). Cellular markers of 
immune activation as well as soluble inflammatory markers 
have been used as surrogate markers of disease and clinical 
endpoints in several studies (Supplementary Table 1).

BoA in HIV Infection
BoA have not been widely used to despite the hypothesis 

of premature or accelerated aging in HIV. Only two vali-
dated BoA that satisfy the majority of the criteria for a BoA 
as proposed by Baker and Sprott (87) have been broadly 
examined in those with HIV, telomere length (TL), and 
CDKN2A (p16ink4a) expression. CD8 T cells that lose expres-
sion of CD28 have shorter TL compared with other T- or 
B-cell subsets (88). CD28−CD8+ T cells from HIV-infected 
patients have significantly shorter TL compared with age-
matched controls, with TL in the HIV-infected group simi-
lar to those found in elderly participants (89). However, 
TL is affected by psychosocial confounders, genetics, and 
potentially antiretroviral drugs (90), as human telomerase 
is a reverse transcriptase sharing homology with the HIV 
reverse transcriptase (91). Expression levels of the cell cycle 
regulator CDKN2A (which codes for the protein p16ink4a) 
may represent a more robust BoA (92). Increasing levels of 
CDKN2A messenger RNA occur with age and decreasing 

function of solid organs and peripheral blood leukocytes 
(93–95), and accumulation is accelerated in HIV patients. 
However, this relationship may be confounded in HIV infec-
tion by other mechanisms that lead to CDKN2A expression 
including smoking, and other factors (93,96). TL is shorter 
in HIV-infected individuals compared with age- and gender-
matched uninfected counterparts, and similarly CDKN2A 
expression is increased in HIV-infected individuals (97).

Novel Ocular BoA: Potential Utility in HIV 
Infection

IL-6, D-dimer, and other inflammatory/coagulation 
markers are robustly influenced by comorbidity and HIV 
itself, and TL and CDKN2A expression are both primarily 
examined in peripheral blood T cells—obviously affected 
by HIV itself—novel biomarkers are required to evaluate 
biologic aging in those with HIV (98). Ocular markers may 
provide novel BoA because specific anatomic and func-
tional parameters of the eye change with increasing chron-
ological age (99). The eye is relatively easy to examine 
compared with other organ systems and there are few other 
locations in the body where cells, vasculature, and neuro-
logical tissues are directly and readily visible. A descrip-
tion of parameters that may be most informative as aging 
biomarkers is summarized in Table 2.

Conclusions
Does HIV accelerate or accentuate aging? The answer 

is probably organ and disease/condition specific. For many 
processes, there appears to be a pattern of accelerated 
aging. This is most clear in the immune system where T-cell 
TL and CDKN2A expression, accumulation of CD28−CD8+ 
T cells, reduced naive T-cell generation, and evidence on 
ongoing immune activation strongly suggest accelerated 
immune senescence. Clinically, it is also clear that the 
development of specific geriatric syndromes such as multi-
morbidity, frailty, and polypharmacy are hastened in those 
with HIV. In specific end-organ diseases, it is less clear, but 
many illnesses appear to be accentuated rather than accel-
erated (Figure  2). Cardiovascular disease, diabetes, and 

Table 2. Ocular Parameters, Methods of Measurement, and the Impact of Aging

Anatomical Site Parameter Method of Measurement Age-Related Changes

Cornea Corneal endothelium Specular microscopy Reduced cell count
Lens Lens opacity Subjective grading systems Opacification at different sites in the 

lens (cataract)Pentacam—lens densitometry
Retina Retinal nerve fiber layer (RNFL) Optical coherence tomography Thinner RNFL

Retinal vessel caliber Semiautomated retinal analysis software Reduced diameter of arterioles and 
venulesRetinal ganglion cells and  

photoreceptors Confocal scanning ophthalmoscopy Reduction in cone photoreceptor 
density

Visual function Visual acuity Visual acuity chart (ETDRS) All reduced
Contrast sensitivity Pelli–Robson chart
Color vision Farnsworth–Munsell 100 hue test

Note. ETDRS = Early treatment diabetic retinopathy study.
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several other conditions are more prevalent at all ages in 
those with HIV, suggesting there is an extra “hit” by HIV 
and/or ART—that is, accentuated aging. Novel biomarkers 
in organs relatively protected from the effects of the HIV 
virus itself, concomitant exposures to additional stressors, 
and/or ART drug toxicity, such as the ocular measures pro-
posed above, may prove to be useful, accurate BoA in those 
with HIV.

Supplementary Material

Supplementary material can be found at: http://biomedgerontology.
oxfordjournals.org/.
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