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Abstract

With the advent and subsequent success of antiretroviral therapy, HIV infection has largely become a
chronic condition and is increasingly seen alongside metabolic disorders such as dyslipidemia and insulin
resistance. Furthermore, the administration of antiretroviral therapy itself is associated with an increase in
the incidence of metabolic risk factors, namely insulin resistance, lipoatrophy, dyslipidemia, and abnormalities
of fat distribution, in HIV patients. Thus, further challenges in the management of HIV patients include the
management of diabetes and the metabolic syndrome, non-alcoholic fatty liver disease. Importantly, HIV
and non-alcoholic fatty liver disease are both associated with increased risk of cardiovascular disease.
Overall, the management of non-alcoholic fatty liver disease and cardiovascular risks associated with HIV
is complex and requires specialist management. Further research is needed to address the best strategies
in the management of cardiovascular disease in patients with HIV. This narrative review aims to discuss
non-alcoholic fatty liver disease and HIV infection, HIV and cardiovascular disease, as well as how fatty

liver modulates cardiovascular disease in HIV patients. (AIDS Rev. 2015;17:190-7)
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of a combination of antiretroviral therapy (cART) is
associated with an increase in the incidence of certain
metabolic risk factors (insulin resistance, lipoatrophy,
dyslipidemia, and abnormalities of fat distribution) in
HIV patients®3. Furthermore, HIV infection itself is as-
sociated with insulin resistance and dyslipidemia (high
triglycerides, low high-density lipoprotein [HDL] and
both low cholesterol and low-density lipoprotein-c
[LDL-c]). Possible mechanisms to explain this include
increased cytokines level (tumor necrosis factor and

|ntroduction

HIV infection is a widespread, but well-controlled,
disease that has seen a rise in metabolic problems as
patients increasingly have life expectancies compa-
rable to those without the infection’. The administration
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lipoatrophy are all precursor factors that lead to the
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development of non-alcoholic fatty liver disease
(NAFLD). The estimated prevalence of NAFLD in pop-
ulations without HIV is thought to be around 25-35%
across the globe®. NAFLD refers to a wide spectrum
of liver damage, rating from simple steatosis to ste-
atohepatitis, advanced fibrosis, and cirrhosis. Impor-
tantly, NAFLD has gained significant attention since it
is increasing in prevalence across the globe with an
increase in both mortality and morbidity”. The asso-
ciation of NAFLD with insulin resistance, obesity, and
type 2 diabetes is well established in the literature® 2.
For instance, the prevalence of NAFLD within type 2
diabetics can range between 42-62%'3"7. NAFLD is
associated with high risk of CVD and mortality, espe-
cially in the presence of liver fibrosis'’-'9. Besides the
fact that diabetes and obesity run risk elements for
hepatocellular carcinoma (HCC), NAFLD is also re-
garded as risk factor for HCC and among the top
three leading causes of liver disease among adults
awaiting liver transplantation in the USA since 2009%%-
27 HIV per se can induce all this spectrum of liver
diseases®. These include viral hepatitis, hepatotoxic-
ity (drug-associated), and NAFLD (drug-associated
and unassociated). In addition to the well-known ef-
fect of alcohol on the liver and risk of systemic infec-
tions and malignancies, hepatitis (A, B, C, D, E) are
important risk factors in HIV patients. Anti-retroviral
drugs can be related to liver toxicity and risk of
metabolic syndrome and NAFLD?+2°. Importantly,
baseline analysis of the INSIGHT Strategic Timing of
Anti-Retroviral Treatment (START) trial showed that
significant liver fibrosis was observed in approximately
8% of participants®.

Thus, the presence of NAFLD in patients with HIV
should warrant further screening for advanced liver
disease, diabetes, and cardiovascular risk factors. This
narrative review aims to discuss NAFLD and HIV infec-
tion, HIV and CVD, as well as how fatty liver modulates
CVD in HIV patients.

Non-alcoholic fatty liver disease
and HIV infection

The prevalence of NAFLD among HIV patients varies
from 13% in the USA to 31% in Asian countries®®s31,
Interestingly, it is present in HIV-infected persons with
lower body mass indices (BMI) and more physically
active compared with HIV-negative patients®. It is
prevalent among different ethnic populations, with
particularly higher incidence and a more aggressive
course in Hispanics®.

NAFLD is increasingly being diagnosed in patients
with nonspecific symptoms with an incidental elevation
of aminotransferases®. In a case-control study in HIV-
infected patients with biopsy-proven NAFLD, patients
with HIV-associated NAFLD had significantly higher
mean aspartate aminotransferase (AST; p < 0.001),
alanine aminotransferase (ALT; p < 0.001), alkaline
phosphatase (p = 0.003) and serum triglycerides (p =
0.024) than controls. Furthermore, this study also
showed that patients with HIV-associated NAFLD had
significantly higher rates of definite steatohepatitis, and
more features of liver injury, including lobular inflam-
mation (< 0.001) and acidophil bodies (< 0.001). The
authors concluded that HIV-associated NAFLD is as-
sociated with an increased severity of liver disease as
well as a higher prevalence of nonalcoholic steato-
hepatitis®.

Those HIV-infected adults with chronic aminotrans-
ferase elevations while receiving antiretroviral therapy
(ART) have a high rate of liver disease, which is a
leading cause of non-AlDS-related mortality in persons
infected with HIV®. There are an estimated 40 million
HIV-infected individuals worldwide, with chronic liver
disease being the second leading cause of mortality
in this population. Abnormal liver functions are usu-
ally observed in HIV patients, and the etiologies are
varied. Viral hepatitis B (HBV) and C (HCV) fatty liver
as well as drug-induced liver injury are predominant®®,
HBV and HCV co-infection were found to be associ-
ated with liver-related deaths in HIV individuals®®.
Spradling, et al. found that NAFLD or alcohol con-
sumption was attributed to enzyme elevations in HBV
infection3”. This further emphasizes the contribution
of NAFLD in the causation of liver disease in HIV in-
dividuals.

In the Multicenter AIDS Cohort Study (MACS), inter-
estingly, although HIV infection was associated with a
lower prevalence of fatty liver compared to unaffected
individuals (odds ratio [OR]: 0.44; p = 0.002), a higher
prevalence of fatty liver was seen in participants with
patatin-like phospholipase domain containing 3
(PNPLAS3, rs738409) non-CC genotype (OR: 2.06; p =
0.005), increased abdominal visceral adipose tissue
(OR: 1.08 per 10 cm?, p < 0.001), and homeostatic
model assessment of insulin resistance (HOMA-IR) >
4.9 (OR: 2.50; p = 0.001). Moreover, among HIV-infect-
ed men, PNPLA3 (rs738409) non-CC genotype was
found to be linked to a more prominent prevalence
of fatty liver (OR: 3.30; p = 0.001) and cumulative
dideoxynucleoside exposure (OR: 1.44 per five years;
p = 0.02). The MACS investigators concluded that
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fatty liver is common among men at risk for HIV infec-
tion and is related to higher visceral adiposity, HOMA-
IR, and PNPLAS (rs738409)%'. Furthermore, LPPR4 and
SAMMSO0 allelic variants have been identified as inde-
pendent risk factors for simple steatosis and steato-
hepatitis development, respectively, in HIV-infected
individuals®,

On the other hand, Nishijima, et al. demonstrated
that NAFLD was associated with a high BMI, dyslip-
idemia, and high ALT/AST ratio, but not with HIV-re-
lated factors among Asian patients with HIV-1 infec-
tion. This was first suggested by Mohammed, et al. in
2007%2. It is worth mentioning that their studied pa-
tients were free of chronic HBV or HCV infection and
without excessive alcohol intake. Their results high-
lighted the great value of early identification and man-
agement of NAFLD and traditional factors associated
with NAFLD?,

There is some suggestion in the literature that anti-
retroviral treatment for HIV is associated with NAFLD,
For example, Price, et al. showed, in a multicenter
study, that CT-defined NAFLD is common among men
at risk of HIV infection and is linked to larger visceral
adiposity and insulin resistance, and prolonged expo-
sure to dideoxynucleoside analogues is associated
with higher prevalence of NAFLD?'.

Diabetes mellitus, metabolic syndrome,
and HIV

Several studies have shown that NAFLD is strongly
associated with diabetes, metabolic syndrome, and
dyslipidemia. Diabetes mellitus (DM) prevalence es-
timates in patients with HIV are reported as being as
high as 14%%°. The relationship between DM and HIV
is complex and not well understood. In the Data Col-
lection of Adverse Events of Anti-HIV Drugs (D:A:D)
study, Smith, et al. investigated emerging trends in
causes of death amongst HIV-positive individuals
and investigated the factors associated with each
specific cause of death®. They identified AIDS (n =
743; rate/1,000 person years = 4.12), liver-related
(341; 1.89), CVD-related (289; 1.60), and non-AlDS
malignancy (286; 1.59) as primary causes of death in
HIV cART-treated patients. Interestingly, diabetes was
a risk factor for all specific causes of death except
non-AlDS cancers. Furthermore, there is some sug-
gestion in the literature that HIV infection is an inde-
pendent risk factor for the development of DM3%40,
However, this is controversial as other studies do not
support this notion4"42,

Dyslipidemia and increased blood glucose are the
most common metabolic abnormalities seen among
HIV patients on ART worldwide. Menezes de Padua, et
al., in their cohort study, obtained information on long-
term adverse drug reactions to ART from the medical
records of treatment-naive HIV-infected adult patients
initiating ART*3. Out of 233 records studied, dyslipid-
emia was found in 19.3% and diabetes in 2.1%. An
increase in the prevalence of lipoatrophy, insulin resis-
tance, and diabetes, particularly with ART, has been
demonstrated in a number of studies*!#4. Preclinical
studies support the idea that ART may induce diabetes
since protease inhibitors have been shown to increase
insulin resistance through effects on the glucose trans-
porter type 4 (GLUT-4) receptor®®. The clinical rele-
vance of this, however, is unknown. Having said this,
there is strong association with certain first-generation
ART agents, e.g. stavudine and indinavir, and DM as
one cohort study has evidenced that the peaks and
troughs regarding the use of these agents correlate
directly with the peaks and troughs of the incidence of
DM in HIV patients over a 10-year period*®. Further-
more, Ledergerber, et al. suggested that current treat-
ment with protease inhibitor- and nucleoside reverse
transcriptase inhibitor-containing regimens specifically
was associated with the risk of developing type 2 DM*7.

The risk of dyslipidemia significantly rises with accu-
mulative exposure to ART. Tripathi, et al. found that
there is a significantly higher risk of dyslipidemia in the
ART-treated HIV-infected group (adjusted hazard ratio
[aHR]: 1.18; 95% CI: 1.07-1.30) and a significantly low-
er risk in the cART-naive HIV-infected group (aHR: 0.66;
95% Cl: 0.53-0.82) compared to the control non-HIV-
infected group®. They also found that pre-existing hy-
pertension, obesity, and diabetes increased the risk of
dyslipidemia, whereas HCV, depressed CD4(+) T-cell
count, and higher HIV viral load had a protective effect.

Statins are used for managing hypercholesterolemia
and CVD in both HIV and non-HIV patients alike. The
association between diabetes and statin treatment has
been ascertained by various studies®?%*, It is debatable
whether the risk of incidental diabetes related to the
administration of statins fosters HIV and ART-associat-
ed risk of insulin resistance. Nevertheless, continuous-
ly monitoring plasma glucose in HIV patients on statin
therapy is a recommended clinical practice. More stud-
ies are needed to assess whether statin administration
in individuals with HIV conveys an increased risk for
diabetes. Otherwise, the likely cardiovascular event re-
duction benefits from taking statins likely outweigh the
risk of increased insulin resistance®°.
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Fasting plasma glucose is routinely used in the diag-
nosis of DM. Furthermore, HbA1C is used as a measure
of glycated hemoglobin and reflects long-term glucose
control. However, in patients with HIV, there is growing
evidence to suggest that the use of HbA1C may be an
underestimation of their glycemic status®'-%. Monroe, et
al. argue that fasting plasma glucose should be used for
the diagnosis of DM in HIV patients, especially in light of
HbA1C inaccuracies®®. Current recommendations are
that fasting plasma glucose should be measured every
6-12 months in patients with HIV and should be consid-
ered 1-3 months after the commencement of ART®,

Overall, HIV is a chronic inflammatory condition,
which may lead to insulin resistance. Alongside certain
antiretroviral medications, associated dyslipidemia and
changes in body conformation (central obesity, truncal
obesity, lipoatrophy) hasten the process that leads to
DM in the context of HIV infection.

HIV and cardiovascular disease

People living with HIV infection are at increased risk
of CVD compared to patients without CVD (relative
risk [RR]: 1.61 for people not on ART; 95% CI: 1.43-
1.83; and RR: 2.00 for people on ART; 95% CI: 1.70-
2.37)%". Major cardiovascular-related risk factors are
prevalent among patients with HIV. The prevalence
rate of hypertension, dyslipidemia, and diabetes has
been reported to be 26, 48, and 13%, respectively, in
such patients®®. Furthermore, in a healthcare, system-
based cohort study, Triant, et al. found that among HIV
patients, higher prevalence of smoking (38 vs. 18%),
hypertension (21 vs. 16%), diabetes (12 vs. 7%), and
dyslipidemia (23 vs. 18%) were found compared to
non-HIV patients®. Interestingly, some small studies
exist indicating a possible increase in the number of
ST-elevation myocardial infarctions versus non-ST-el-
evation myocardial infarctions in patients with HIV®0,

The D:A:D study is a large database incorporating
33,308 patients with HIV, studied over 10 years®. In this
study, they demonstrated 289 of the 2,482 deaths were
accounted for by CVD. They found that in patients with
HIV, at baseline, smoking rates were high (76%), 76%
were male, 22% had total cholesterol > 6.2 mmol/l, 34%
had triglycerides > 2.3 mmol/l, and 26% had an HDL-
cholesterol < 0.9 mmol/l. Furthermore, at baseline, only
a few had hypertension (8.5%) and DM (2.5%).

There is some evidence that certain antiretroviral
drugs may raise the risk of cardiovascular disease.
Bavinger, et al. produced an observational data meta-
analysis demonstrating that increased risk of myocardial

infarction is seen in patients exposed to abacavir (RR:
1.92; 95% Cl: 1.51-2.42) and protease inhibitors (RR:
2.13; 95% Cl: 1.06-4.28), and an increased risk associ-
ated with each additional year of exposure to indinavir
(RR: 1.11; 95% CI: 1.05-1.17) and lopinavir (RR: 1.22;
95% Cl: 1.01-1.47)8'. Hemken, et al. cautioned that the
studies put into these meta-analyses were of mixed
quality and heterogeneous, and therefore should be
interpreted with care®. Furthermore, Cruciani, et al.
re-analyzed in a meta-analysis all randomized control
trials comparing abacavir with reverse-transcriptase
inhibitor controls, finding no increased risk of myocar-
dial infarctions with abacavir exposure (RR: 0.73; 95%
Cl: 0.39-1.35)%, Increasing evidence suggests that HIV
suppression is associated with a decreased risk of
CVD®2, Thus, early initiation of ART should be balanced
with the potential detrimental effects of ART with re-
gards to CVD, amid other comorbidities. Part of the
issue is that the full spectrum of side effects of ART is
not entirely known. Thus, further research is required
to elucidate this delicate balance. The START (Strate-
gic Timing of AntiRetroviral Treatment) study is a ran-
domized, controlled clinical trial designed to determine
whether taking ART immediately would lead to a lower
risk of AIDS and serious events, and the trial was ex-
pected to end in December 201684, Interestingly, in the
subgroup analysis, CVD risk factors are common
among START participants; at least one in every two
participants had one or more CVD risk factors. There-
fore, it is expected that the final analysis may reveal
CVD as the main component of the primary end point®.

Interestingly, dyslipidemia is also increasingly be-
ing recognized in HIV-infected children®. The HIV-
infected children may be at risk of premature CVD
as it has been demonstrated that they have high
levels of total and non-HDL cholesterol and triglyc-
erides®. Furthermore, it has been postulated that
HIV-infected adolescents are amenable to aggre-
gated atherosclerotic CVD risk®. Interestingly, coro-
nary heart disease was reported in only 2.15% of
3,760 HIV-infected patients in a Mediterranean co-
hort study, raising the question of how significant the
impact of HIV is on CVD or the importance of ge-
netic factors®®. The D:A:D study demonstrated that
the rate of a congestive heart disease (CHD) epi-
sode was 7.52 times higher in those with pre-exist-
ing CHD than in those without preexisting CHD, but
it was only 2.41 times higher in those with preexist-
ing DM compared with those without DM, Protease
inhibitors are also known to significantly increase the
risk of CHD in HIV patients’®.
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Table 1. Summary of some studies demonstrating an association between non-alcoholic fatty liver disease and cardiovascular

disease
Study Cardiovascular impact Main outcome
reference
[70, 71] A. Coronary artery disease Increase cardiac calcification
[72] NAFLD is associated with higher prevalence of IMT
[73] NAFLD is associated with high prevalence of atherosclerosis in the absence of
diabetes and metabolic syndrome
[74] Histologically proven NAFLD independently predicts IMT
[75, 76] B. Endothelial dysfunction NAFLD is associated with endothelial dysfunction
[77, 78] NAFLD is associated with arterial stiffness
[79, 80] C. Risk of clotting NAFLD is associated with increased thrombotic risk factors
[81, 82] D. High inflammatory markers  NAFLD is associated with high inflammatory marker
[83, 84] E. Structural heart changes NAFLD is associated with pathological changes in cardiac structure and function
[85, 86] F. Liver enzymes and CVD High GGT and ALT are associated with CVD

ALT: alanine transaminase; CVD: cardiovascular disease; GGT: gamma-glutamy! transferase; IMT: intima-media thickness; NAFLD: non-alcoholic fatty liver disease.

In the view of the fact that NAFLD may also be as-
sociated with CVD and the unique nature of the rela-
tionship between HIV and CVD, this may lead to the
question whether the presence of NAFLD may also
modulate CVD in HIV patients?

Does non-alcoholic fatty liver disease
modulate cardiovascular disease in HIV
patients?

Several studies have shown the association of NAFLD
with CVD, as presented in table 1. The increased risk
of CVD in NAFLD is partially due to dyslipidemia, DM,
renal disease, chronic inflammation, and presence of
ectopic fat. NAFLD is also shown to be associated with
independent risk of CVD. HIV is a chronic inflammation
associated with high risk of CVD and this can also be
mediated in part by dyslipidemia, DM, renal disease,
and the presence of metabolic syndrome. It is tempting
to conclude that the presence of NAFLD can also be
associated with high risk of CVD (Fig. 1). Importantly,
further research is needed to establish how NAFLD can
modulate the risk of CVD in HIV patients.

Non-alcoholic fatty liver disease
treatment and whether it can modulate
cardiovascular disease

Treatment of NAFLD targeted an array of disease mech-
anisms like insulin resistance, obesity, dyslipidemia,

inflammation, lipotoxic liver injury, and liver fibrosis.
Medications that have potential benefit in treating
NAFLD are metformin, pioglitazone, incretin, statins,
sodium-glucose co-transporter 2 inhibitors, and anti-
oxidants like vitamin E. A summary of the effect of
these medications on NAFLD and CVD can be found
in table 28788 However, a recent meta-analysis con-
cluded that it is difficult to conclude with certainty
about the effectiveness of pharmacological therapy for
NAFLD®, Therefore, lifestyle changes in term of weight
loss, increased physical activity, and decreased car-
bohydrate intake can be recommended until scientific
evidence or treatment can be found. It is possible to
conclude that treatment of NAFLD in individuals living
with HIV likely will be the same as the general popula-
tion®. It is worth mentioning that further clinical trials
are needed to explore specifically whether treatment
of NAFLD may modulate CVD risk in individuals living
with HIV (Table 2).

Conclusion

HIV is a metabolic condition associated with dyslip-
idemia, diabetes, metabolic syndrome and CVD. These
metabolic changes can be due to the HIV per se or
due to the antiretroviral treatment. Importantly, NAFLD
is also associated with insulin resistance, dyslipidemia,
diabetes, and CVD. Therefore, the presence of fatty
liver in HIV patients may also add the risk of CVD (Fig. 1).
Further research is needed to establish the role of
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Shared mechanism between

NAFLD and HIV that lead to

NAFLD increase in risk of CVD:
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Figure 1. lllustration showing a possible summary of interaction between HIV and non-alcoholic fatty liver disease in the modulation of
cardiovascular risk factors and how this can lead to increase the risk of cardiovascular disease in HIV patients with non-alcoholic fatty
liver disease. CVD: cardiovascular disease; NAFLD: non-alcoholic fatty liver disease.

Table 2. Summary of treatment of non-alcoholic fatty liver disease and whether such treatment may modulate cardiovascular disease

Medication NAFLD CVD References

Metformin - Inhibition of hepatic gluconeogenesis and lipogenesis Decrease in CVD [91-94]
increased glucose uptake in the muscle and increased
fatty acid oxidation in the liver and adipose tissue
— Clinical studies show improvement in liver enzymes but not
histology

Pioglitazone - Promote and maintain the whole body insulin sensitivity Decrease in CVD [95-98]
— Clinical studies show improvement in liver enzymes and
inflammation and potential improvement in liver histology

GLP-1 analogues - GLP-1 promotes weight loss, enhances insulin resistance Decrease in CVD [99-103]
(liraglutide) and prevents hepatic fat accumulation
— Clinical studies show improvement in liver enzymes and
inflammation but not consistent improvement histology

DPP-4 inhibitors - Inhibits fatty liver, inflammation and improves insulin Decrease in CVD [103-108]
(Sitagliptin) sensitivity

Clinical studies show improvement in fatty liver

inflammation with degree of improvement in liver histology

Statins - Rosuvastatin and atorvastatin decrease hyperlipidemia and  Decrease in CVD [109-112]
fatty liver; further benefit seen in combination with dietary
control and ezetimibe
— Clinical studies show improvement in fatty liver Meta-
analysis confirmed the benefit but not liver histology

Antioxidants (Vitamin - Potential benefit shown in treatment of NAFLD NO benefit in [89, 95] [113]
E, silymarin, betaine, decreasing CVD risk
pentoxifyllineg)

Weight loss (orlistat, — Orlistat, bariatric surgery and dietary restriction all Decrease in CVD [114, 115] [8]
bariatric surgery and associated with radiological and histological improvement
dietary restriction) of fatty liver

CVD: cardiovascular disease; GLP-1: glucagon-like peptide-1; NAFLD: non-alcoholic fatty liver disease.
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NAFLD in the modulation of CVD in HIV patients.
Therefore, metabolic and cardiovascular risk factors
will need to be managed in a specialized clinic.
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