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Abstract

The life expectancy of HIV-infected patients has increased due to the efficacy of highly active
antiretroviral therapy (HAART) in controlling HIV replication; thus, the population living with
HIV infection is steadily aging. Liver-related morbidity and mortality has emerged as a leading
problem in HIV-infected patients. Since aging, HIV infection and HAART all affect the liver,
understanding the impact of the combination of these factors on liver disease is crucial for
optimisation of care in the aging HIV-infected population. This review will focus on the current
understanding of liver disease in older (>50 years old) HIV-negative individuals and in HIV-
infected individuals. Areas for future research in the area of HIV, liver disease and aging will also
be discussed.
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Introduction

The number of HIV-infected patients above the age of 50 is increasing as a result of
increased longevity from highly active antiretroviral therapy (HAART) and an increase in
the number of new infections in older people.! Aging, in the absence of HIV infection, is
known to affect function of the major organs including the liver, with a decrease in liver
volume, blood flow, drug metabolism and hepatic regenerative capacity.? HIV infection also
affects the liver, primarily through acceleration of liver disease from chronic viral hepatitis.
Liver disease is currently a major cause of morbidity and the second leading cause of
mortality after AIDS in HIV-infected patients.3# Since aging in the HIV-infected population
is an emerging issue, the data on the combined effects of HIV infection and aging on the
liver are limited. This review will focus on our current understanding of liver disease in older
(>50 years old) HIV-negative individuals and in HIV-infected individuals. Areas for future
research in the area of HIV, liver disease and aging will also be discussed.
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Aging and hepatitis C

Due to shared modes of transmission, ~20% of HIV-infected patients worldwide are also
infected with the hepatitis C virus (HCV).5 This proportion ranges from 8% in men who
have sex with men (MSM)® to over 80% in haemophiliac patients and intravenous drug
users.”:8 Outbreaks of sexually transmitted HCV have also been reported among HIV-
positive MSM and appear to be associated with permucosal traumatic sexual techniques and
other sexually transmissible infections.?-12 Older patients are increasingly engaging in
behaviours that put them at risk for both HIV and HCV.

HIV negatively affects the outcome of an acute HCV infection, and this may be further
exacerbated by older age. HIV infection reduces rates of spontaneous recovery from an
acute HCV infection by ~three-fold.13-17 It is plausible that these rates may be further
reduced in older age since HIV-negative patients who acquire HCV at or above the age of 45
years are half as likely to spontaneously clear their HCV infection compared with patients
younger than 45.17 Studies are needed to determine whether HIV and aging effects are
synergistic in reducing the rates of spontaneous recovery from an acute HCV infection.

Once chronic HCV is established, older age has been associated with a more rapid
progression of liver disease.18 Asahina et a/. demonstrated a faster rate of biopsy-proven
progression of hepatic fibrosis in HIV-negative patients acquiring HCV after the age of 40
years compared with before this age.1® In addition, the time to development of
hepatocellular carcinoma (HCC) was shorter in the patients >40 years of age compared with
those <40 years of age (22 and 40.6 years, respectively). These data are also supported by a
meta-analysis demonstrating that 24% of HCV monoinfected patients who were infected
with HCV at a mean age of 42 years developed cirrhosis after 20 years compared with only
7% of patients who were infected at a mean age of 29 years.20 In a study of patients with
post-transfusion hepatitis, the mean time from transfusion to development of HCC was 14.7
years among persons infected at 50 years or older compared with 31.5 years among those
infected below age 50.21 The aetiology of increased progression of liver disease in HCV
infection with aging remains unclear; however, several mechanisms have been proposed.
These include a higher vulnerability to environmental factors including oxidative stress, a
reduction in hepatic blood flow rates and reduced mitochondrial capacity.22:23

HIV infection similarly accelerates progression of liver disease.1324 One meta-analysis of
four studies from Europe and North America found the 15-year risk of progression to
histological cirrhosis among HIV-HCV co-infected individuals to be almost twice that of
HCV monoinfected patients (relative risk (RR): 1.94; 95% confidence interval (CI): 0.92—
4.07).24 Progression of HCV-related liver disease in older HIV-infected individuals has not
been extensively studied. Thus, the combined effects of aging and HIV infection are not
known. These combined effects may, however, lead to worse liver disease progression
outcomes in older HIV-HCV co-infected individuals.

HCV treatment response to the current standard of care, pegylated interferon-alfa and
ribavirin, in older individuals and in HIV-infected individuals is decreased, but there are
limited data on treatment response in patients that are both older and HIV-infected. Rates of
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sustained virological response (SVR), defined as absence of serum HCV RNA 6 months
after pegylated interferon-alfa plus ribavarin, in HIV seronegative patients is 54—63%,25-27
but in the HIV co-infected population, SVR ranges from 27% to 40%.28-30 In one study of
HIV-infected subjects, being older than 40 years was associated with a poorer virological
response as judged by a 40% reduction in rates of SVR in those with HCV genotypes 2, 3 or
5.28 In the HCV monoinfected population, age is emerging as a strong independent predictor
of non-SVR, with patients older than 65 years being 2.5 times less likely to achieve SVR
compared with patients <35 years of age.19 In one study, the risk of non-SVR increased 1.8-
fold for each additional 10 years of age, with SVR rates of 59.3% for patients younger than
49 years, 50.5% for 50-59-year-olds, 27.3% for 60-65-year-olds and 25.2% for patients
older than 65 years.1® In another recent study of Genotype 1 patients who had an
undetectable HCV RNA after 1 month of therapy, older age was identified as the main
predictor of subsequent relapse.3! Taken together, these studies support older age as being a
risk factor for a decreased response to HCV therapy, which could exacerbate the poor
response that is seen with HIV infection.

Older patients are also less likely to tolerate HCV treatment due to an increase in adverse
events including anaemia, neutropaenia and thrombocytopaenia, which often require
stopping treatment or dose reduction.32:33 A recent meta-analysis of three randomised
controlled trials of HCV treatment in HIV-infected individuals found that adverse events
requiring treatment discontinuation or first dose modification were more common in older
individuals, with each additional 10 years of age being associated with a 60% increase in the
risk of the former and a 48% increase in the risk of the latter.34

Common medical conditions such as diabetes mellitus and cardiovascular disease (CVVD)
that are typically associated with aging are also increasingly being associated with HCV
infection. HCV-infected individuals above the age of 40 are three times as likely as HCV
uninfected individuals of the same age to have diabetes.3® In the HIV-infected population,
HAART appears to increase this risk,36 probably related to HAART-induced metabolic
syndrome. In a study of US veterans during the HAART era, HIV-HCV co-infected patients
had a 39% increased risk of diabetes mellitus compared with HIV-negative veterans, and this
risk increased by 45% for each additional 10 years of age. Of note, HCV infection did not
increase the risk of diabetes in the pre-HAART era.37 It is also interesting to note that
although HIV-HCYV coinfection is associated with lower rates of hypercholesterolaemia, one
study found rates of acute myocardial infarction (AMI) and CVD to be significantly higher
among HIV—HCV compared with HIV monoinfected patients3® When analyses were
adjusted for cardiovascular risk factors and duration of HAART, HIV-HCV co-infection
remained associated with a 20% increase in risk of AMI compared with HIV monoinfected
US veterans (hazard ratio: 1.20, #=0.013).

Aging and hepatitis B

Hepatitis B virus (HBV) co-infection with HIV is relatively common since transmission of
both viruses occurs through sexual and percutaneous transmission. Approximately 10% of
HIV-infected patients have evidence of chronic HBV infection,3%40 and data suggest that the
HIV-HBV co-infected population is aging. The HIV Outpatient Study, a multisite
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observational cohort study in the USA, found that from 1996 to 2007, the HBV prevalence
in study subjects entering the cohort over the age of 45 increased from 5.5% in 1996 to 8.0%
in 2007.41 In contrast, prevalence rates remained relatively stable in younger age groups.

In HBV monoinfection, older age decreases the likelihood of recovery (development of
HBV surface antibodies (anti-HBs)) from an acute HBV infection, possibly related to a
senescence of the immune system.#2 This is supported by a poor antibody response to the
HBV vaccine in older individuals, with 2.4 times the risk of non-response to the HBV
vaccine in individuals older than 45 years compared with younger subjects.*344 Similarly,
HIV infection decreases rates of recovery. In one study, 23% of HIV-infected individuals
compared with 4% of HIV-negative individuals progressed to chronic HBV after an acute
HBV infection.*> In the study by Bodsworth et al., lower CD4 counts were significantly
associated with an increased risk of progression to chronic HBV. This finding is supported
by a more recent study showing rates of progression to chronic HBV of 11%, 16% and 19%
for CD4 count strata of =500, 200-499 and <200 respectively.*® Encouragingly, those on
HAART who became acutely infected with HBV were more likely to develop anti-HBs.46
While there are no studies looking specifically at acute HBV infection outcomes in elderly
HIV-infected patients, it is probable that they are at an even higher risk of progression to
chronicity given the combined effects of age and HIV-related immune system dysfunction.

Once chronic HBV develops, HIV-infected patients have higher rates of HBV replication as
measured by HBV DNA levels and by hepatitis B ‘e’ antigen (HBeAg) positivity. 447
Conversely, a recent single-centre cross-sectional analysis of 1400 HBV monoinfected
patients in Hong Kong found decreasing rates of HBeAg positivity with increasing age.
Among the HBeAg-positive patients, those older than 45 years had significantly lower HBV
DNA levels than the younger patients. However, the older (>55 years) HBeAg negative
patients had higher HBV DNA levels than younger patients,*8 and they also had higher
alanine transaminase levels, suggesting more active disease. Thus, the effect of aging on
HBYV replication varies based on the stage of HBV infection, making it difficult to predict
how both aging and HIV infection would affect HBV replication.

The impact of HIV on HBV-related liver disease in older patients is largely unknown;
however, there is one study suggesting that liver disease is worse with older age. In that
study, HIV-HBYV co-infected patients older than 40 years had greater than twice the risk of
liver-related mortality compared with patients less than 40 years (22.1 liver related deaths
per 1000 person-years (PY) versus 10.0 liver related deaths per 1000 PY).39

Limited data suggest that treatment efficacy of HBV is not compromised in older patients or
in HIV-infected patients. A single-centre retrospective analysis of HBV monoinfected
patients matched on gender, HBV DNA level and HBeAg status found similar rates of
transaminase normalisation, HBV DNA loss, and development of lamivudine resistance
mutations in patients greater than 60 years of age compared with patients younger than 60.49
Similarly, in studies of HIV infection, response rates to lamivudine in HIV-infected
individuals are similar to those of HIV-negative patients;>%-51 however, rates of developing
lamivudine resistance are greater in HIV-infected subjects.52°3 Thus, although there are no
studies looking at outcomes of HBV treatment in older HIV-HBV co-infected patients,
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extrapolation of the available data suggest that the response to the current anti-HBV agents
should be similar in the older HIV-HBV co-infected patient compared with the younger
HBV monoinfected patient.

Effects of aging on medication toxicity

Physiological changes related to aging such as reduced activity of hepatic enzymes (e.g.
cytochrome P450, superoxide dismutase), reduced hepatic blood flow and reductions in
renal function, with an attendant increase in the half-life and bioavailability of drugs,
contribute to the increased risk of drug-related hepatotoxicity in the elderly.>* Since many of
the HIV drugs are metabolised via the cytochrome P450 system and since HIV can
compromise renal function, it is possible that the older HIV-infected patient is at a higher
risk for antiretroviral (ART)-related toxicity, although this has not been well studied. ART-
related hepatotoxicity occurs by one of the following primary mechanisms: direct drug
toxicity or metabolic host mediated injury, mitochondrial toxicity or hypersensitivity
reactions.%®

Decreases in concentrations of cytochrome P450 have been noted on liver biopsy with
aging.5® This would suggest a potential for toxicity with use of non-nucleoside reverse
transcriptase inhibitors and protease inhibitors (PI), which are both metabolised through the
cytochrome P450 system. Although few studies on the metabolism of ART drugs in elderly
patients have been published, and most ART trials have excluded older patients, one study of
patients 20—66 years old found an 11% increase in risk of ART toxicity for each year of
increasing age.>’

The nucleoside reverse transcriptase inhibitors (NRTI) are associated with an infrequent but
distinctive type of hepatotoxicity caused by mitochondrial toxicity. Mitochondrial toxicity
may evolve to acute liver failure with hepatic steatosis and lactic acidosis weeks to months
after NRT initiation.5® Studies suggest that the risk of mitochondrial toxicity is related to
individual susceptibility, with a higher risk of clinical manifestations in patients with
subclinical mitochondrial impairment.®® Thus, since mitochondrial dysfunction occurs as
part of the natural aging process, older HIV-infected patients may be at higher risk of hepatic
steatosis or lactic acidosis due to NRTI-related mitochondrial toxicity. Supporting this
hypothesis, a retrospective analysis of 110 HIV-infected patients from 19 centres in 10
countries found being aged over 40 years to be associated with an increased risk of lactic
acidosis (odds ratio: 2.6, 95% CI: 1.08-6.29) compared with being less than 40 years old.>°

Polypharmacy, which has been associated with an increased risk of drug-induced
hepatotoxicity in the elderly population in general 60 is emerging as an issue in the older
HIV-infected population. A recent study from Canada found a higher total median number
of prescribed medications in HIV-positive patients aged 60 and older compared with HIV-
positive patients below the age of 60 (seven versus four medications).81 This increased
prevalence of polypharmacy among older HIV-positive patients has been linked to a higher
number of comorbidities and is associated with the potential for an increase in drug—drug
interactions.52 Although data are limited, it is likely that there are differential rates of drug-
induced hepatotoxicity of non-ART medications by age among HIV-infected patients. For
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example, isoniazid, a cornerstone of anti-tuberculosis treatment, is frequently associated
with elevations in aminotransferases. Patients older than 49 years have almost five times the
risk of experiencing isoniazid-related hepatotoxicity compared with patients aged 25-34
years.53 There is a need for more data on the pharmacokinetics of ART in patients at the
extremes of age as well as tolerability, drug—drug interactions, toxicities and interactions
with other non-HIV medications.

Aging and alcoholic liver disease

Alcohol use, which has significant effects on the liver, appears to be increasing in
individuals over 65 years of age.54 In addition, several studies suggest that alcohol use is a
growing problem in HIV-infected subjects. In a USA-based cohort, 47.3% of 2864 HIV-
infected adults above age 50 admitted to any alcohol use, with 14.4% classified as heavy
drinkers.85 This is in contrast to the general USA population, in which 31.2% of adults
above the age of 50 consumed alcohol in the preceding year, of whom 9.5% met criteria for
alcohol abuse or dependence based on unpublished data from the 2001-2002 National
Epidemiologic Survey on Alcohol-Related Conditions (NESARC) (B. F. Grant, K. Kaplan,
J. Shepard, T. Moore, unpubl. data). An analysis of insurance claims in the USA found that
the prevalence of alcohol abuse was two-fold greater in HIV-infected patients >50 years old
compared with age- and gender-matched HIV-negative controls. This analysis also found
that among HIV-infected patients, there was a 13% higher prevalence of alcohol abuse in the
older (>50-year-old) patients compared with those 18-49 years old.5¢

Because the activity of enzymes that metabolise alcohol, acetaldehyde dehydrogenase and
cytochrome P4502E1 diminish with age, older patients are more susceptible to the toxic
effects of alcohol.87 The presence of other co-existing diseases such as non-alcoholic fatty
liver disease (NAFLD), HBV and HCV may further potentiate these toxic effects of alcohol
in the elderly.58 There are no studies evaluating the prevalence or course of alcoholic liver
disease in HIV-infected patients. However, in the general population, prognosis is directly
related to age.%° In a British study, mortality from cirrhosis in alcoholic liver disease was
34% and 54% at Years 1 and 3 of follow-up, respectively, in patients over 60 compared with
5% and 24%, respectively, at 1 and 3 years of follow-up in patients under 60 years.’? One
mechanism whereby alcohol can damage the liver is through increasing the risk of steatosis
and steatohepatitis. Alcohol can also increase generation of reactive oxygen species and
lipid peroxidation, thus inducing oxidative damage to mitochondrial elements.’! Thus, ART-
associated mitochondrial dysfunction and diminished mitochondrial antioxidant defences in
the aging liver may further potentiate the impact of alcohol as an independent predictor of
liver disease progression.

Aging and NAFLD

NAFLD refers to a spectrum of liver histology abnormalities characterised by excess liver
fat in individuals who drink little or no alcohol. It ranges from simple fatty liver (steatosis)
to associated inflammation and fibrosis, termed non-alcoholic steatohepatitis (NASH). Two
recent cross-sectional studies have evaluated the prevalence of NAFLD among HIV-infected
patients without viral hepatitis. Guaraldi et a/. reported a 36.9% NAFLD prevalence
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diagnosed by computed tomography among 225 patients (mean age: 48 years).”2 In a similar
study by Crum-Cianflone et al. among 216 HIV-infected persons (mean age: 40 years) in the
USA, a 31% prevalence rate of NAFLD was reported.”® This study found an estimated
NASH prevalence rate of 6-10%.73:74 The prevalence of NAFLD in the general population
ranges from 16% to 41%, depending on the study population and the imaging method used
to diagnose NAFLD. These study design differences also make it difficult to compare
prevalence rates to the HIV-infected population.”>~77

The severity of liver disease from NAFLD appears to be associated with increasing age in
the general population.”® A single-centre study of 144 patients in a gastrointestinal clinic
found age >45 years to be associated with severe fibrosis (F3-F4).”® While this may simply
be related to increased duration of steatohepatitis, the influence of aging on progression of
hepatic fibrosis needs to be explored.

NAFLD appears to be most strongly associated with central obesity and insulin resistance
states such as diabetes and metabolic syndrome. HAART therapy, especially with NRTI-PI
combinations, is commonly associated with metabolic abnormalities such as insulin
resistance, hypertriglyceridaemia and lipodystropy, a disorder of peripheral fat distribution
resulting in lipoatrophy and visceral adiposity.89 Steatosis and NASH can also be induced by
NRTI use via inhibition of mitochondrial DNA replication, resulting in triglyceride
accumulation in the liver.%® Thus, it is possible that NAFLD is increased in HIV-infected
patients on HAART. Given data suggesting an association between increased duration of
NRTI use and an increased prevalence of NAFLD,”2 NAFLD prevalence rates may be even
higher among older HIV-infected patients, if only as a function of duration of HAART use.
Additionally, HCV, which has been associated with steatosis prevalence rates as high as
69%81 among HIV-co-infected patients, may be another modulator of steatosis development
in older HIV-infected patients. Although there are no studies looking at prevalence, risk
factors and progression of NAFLD in older HIV-infected patients, it potentially may become
a major problem, especially since 10-15% of patients with NAFLD in the general
population progress to NASH, 15-20% of whom progress to cirrhosis.>® Well-designed
prospective studies are needed to improve our general understanding of the natural history of
NAFLD in HIV infection. Further clarification of the association between cumulative NRTI
exposure and NAFLD would be particularly relevant in the older HIV-infected population,
which, by virtue of prolonged HIV infection, is likely to have longer duration of NRTI
exposure.

Aging and hepatocellular cancer

Age above 60, HCV and HBV infection, excessive alcohol consumption, tobacco use and
diabetes are all risk factors for HCC.* Among HIV-infected persons, HCC is most closely
associated with viral hepatitis co-infection.82 HCC occurs at an earlier age, on average, in
HIV-infected patients (median age 42 at diagnosis in an Italian cohort;83 52 in a North

American study84) than in HIV-uninfected patients (median age 65).8° This suggests that
HIV may accelerate the risk of HCC; however, the data are not clear. Although Patel et a/.
report a liver cancer incidence that was 7.7-fold higher in HIV-infected persons compared
with the general USA population;86 this may purely be a function of increased rates of
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chronic viral hepatitis infections in HIV-infected persons. Supporting this idea, HIV co-
infection was not associated with an increase in risk of HCC among US veterans with
HCV.87

There are, however, data to suggest that an increasing proportion of liver-related deaths in
HIV-infected individuals are due to HCC. A study based on nationwide surveys of deaths
among HIV-infected patients in France reported an increase in the proportion of liver-related
deaths attributable to HCC from 15% in 2000 to 25% in 2005.4 This was coincident with
aging of the cohort and an increase in duration of HIV infection from 10.7 years to 14.8
years.* Patients who died of HCC were older than those that died from other liver disease
causes (48 versus 46 years, P=0.04). The proportion of HCC-related deaths among HCV-
infected patients in this cohort increased from 10% in 2000 to 26% in 2005. Findings from
this study are limited by the observational nature of the study and collection of data on HCC
in fatal cases only as opposed to incident cases. This study, however, raises the question of
whether the increase of HCV-associated HCC cases was related to aging or purely a function
of prolonged HCV infection in the absence of the competing risk of AIDS-related death, or a
combination of both. Other potential modulating factors include the presence of liver
steatosis, which has been identified as an independent predictor of hepatocarcinogenesis.3°

The American Association for the Study of Liver Disease (AASLD) recommends screening
for HCC at 6-month intervals with ultrasound in all groups at high risk of HCC, largely
based on data from HIV-negative patients. These include HBV carriers with cirrhosis
regardless of age, and HCV-infected patients with cirrhosis, bridging fibrosis or transition to
cirrhosis.88:89 Alpha-fetoprotein (AFP) determination was judged to lack adequate
sensitivity and specificity.88 Most clinicians, however, use a combination of ultrasound and
AFP for HCC screening in patients judged to be at high risk for HCC. More frequent
screening has not been studied in the HIV-infected population and recommendations for
screening are thus no different.

Future research

There are multiple shared factors between the HIV-infected population and the aging
population, which increase the risk of liver disease. While there are some data on the impact
of HIV or aging on liver disease (Table 1), it is not known if these factors act independently
or synergistically; thus, there is a significant knowledge gap in understanding the impact of
HIV, HAART and aging on the liver and liver disease. In each of the diseases discussed
above, there are important questions that need to be answered to optimise prevention and
treatment of liver-related diseases (Table 2). For example, understanding whether liver
disease progresses more rapidly in older HIVV-viral hepatitis co-infected patients compared
with younger ones is important in deciding when treatment should be initiated. A basic
understanding of the effects of aging on HBV and HCV replication and on the liver in HIV-
infected compared with HIV-negative patients is also needed. Determining differences in the
metabolism of HAART and the incidence of toxicity from HAART and other medications in
the older individual will provide guidance regarding medication dosing. Further work to
determine whether HCC develops more rapidly or whether NAFLD and NASH lead to more
liver disease in the older individual is also important. Lastly, elucidation of the role of
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various HAART regimens in modulating these diseases may also significantly improve our
ability to prevent liver disease in this population.

Conclusion

Liver disease is a major cause of morbidity and mortality in HI\-infected patients. Current
evidence suggests that older age may exacerbate this risk such that older HI\-infected
patients may be at an even higher risk of liver disease. However, more data are needed to
better understand the interaction of HIV and aging on liver disease. There is a need for well-
designed studies on the epidemiology, pathogenesis, therapeutic and clinical outcomes of
liver disease, and comorbidities in older HIV-infected patients. Such studies will inform
clinicians regarding screening for and treating liver disease as the HIV-infected population
ages.
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Table 1
Effects of HIV, aging or the combination of both on different liver diseases
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Peg-IFN, peginterferon; SVR, sustained virological response; HBV, hepatitis B virus; ART, antiretroviral
therapy; ALD, alcoholic liver disease; HCV, hepatitis C virus; HCC, hepatocellular cancer; HBeAg, hepatitis
B ‘e’ antigen; NAFLD, non-alcoholic fatty liver disease; NRTI, nucleoside analogue reverse transcriptase

inhibitor

Liver disease

Effect of HIV

Effect of aging

Combined effect of HIV and

aging

HCV

HBV

Medication toxicity

Alcoholic liver disease

Reduces rates of
spontaneous recovery

Accelerates
progression of
chronic liver disease

Diminished treatment
response with peg-
IFN and ribavirin

Reduced rates of
recovery from acute
infection especially
with lower CD4
counts

Higher HBV
replication as
measured by HBV
DNA and HBeAg-
positive status

Uncompromised
treatment efficacy of
HBV- active ART
compared with HIV-
negative

Higher lamivudine
resistance rates on
therapy

Increased risk of
mitochondrial toxicity
leading to acute liver
failure and hepatic
steatosis with NRTI

Increased
polypharmacy

No studies of
prevalence or course
with HIV infection

Reduces rates of
spontaneous recovery

More rapid progression
of chronic liver disease

Diminished treatment
response with peg-IFN
and ribavirin

- Increased
non-SVR

- Increased
relapse

- Increased
adverse
events

Reduced rates of
recovery from acute
infection

Effect on replication
appears to vary based on
stage of HBV infection

Uncompromised
treatment efficacy of
HBV-active ART therapy
compared with younger
patients

Increased risk of
mitochondrial
dysfunction with age

Increased polypharmacy

ALD prognosis worse
with increasing age
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Unclear if
synergistic effect of
HIV infection and
aging

Unclear if
synergistic effect

Lower rates of SVR
in genotypes 2, 3
and 5 in HIV-
infected patients
aged >40 years

Unclear if
synergistic effect

No studies on
combined effect of
HIV and aging on
HBYV replication.
Suggestion of
increased risk of
HBYV associated
liver related
mortality with age
>40

No data on
combined effect on
treatment response

Increased risk of
mitochondrial
dysfunction may
raise risk of
mitochondrial
toxicity

Increased potential
for drug—drug
interactions

No data. However,
combined effects of
ART-associated
mitochondrial
dysfunction and
age-associated
mitochondrial
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Liver disease

Effect of HIV

Effect of aging

Combined effect of HIV and

NAFLD

HCC

Association with
metabolic syndrome
potentially induced
by ART therapy and
HCV infection may
increase risk in HIV-
infected population

Occurs at earlier age
in HIV infection

. Severity associated with
increasing age

. Increased risk with aging

dysfunction may
potentiate risk

No data on
prevalence and
progression in older
HIV-infected
individuals

Potential increase in
HCV-associated
HCC cases with
aging of HIV cohort
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Table 2
Research gaps in HIV, liver disease and aging

. Effect of aging on liver function in HIV-infected individuals

. Effect of aging on liver disease progression in HIV-viral hepatitis co-infected patients

. Effect of age on natural history of viral hepatitis in HIV-infected patients

. Differences in treatment outcomes of viral hepatitis in older HIV-infected individuals

. Prevalence and risk factors for medication (antiretroviral therapy and non-antiretroviral therapy) toxicity in older HIV-infected
patients

. Optimal dosing of non-nucleoside reverse transcriptase inhibitors and protease inhibitors in older HIV patients with pre-existing
liver disease

. Prevalence, risk factors and progression of non-alcoholic fatty liver disease in older HIV patients

. Impact of viral hepatitis treatment on hepatocellular cancer risk in older HIV co-infected patients
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