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e Objective: To review the metabolic complications of
HIV infection.

* Methods: Review of the literature in the context of 3
clinical cases.

e Results: People with HIV infection are living longer
thanks to the advent of potent antiretroviral therapy.
This has led to increased incidence of age-related
metabolic complications, including a higher risk of
cardiovascular disease, hyperlipidemia, metabolic
syndrome, and osteoporosis. Appropriate manage-
ment of these complications requires an understand-
ing of disease-related and drug-related side effects
as well as the potential for drug-drug interactions. A
multidisciplinary approach to patient management is
most effective.

e Conclusion: Awareness of the metabolic complica-
tions frequently encountered in HIV infection, drug
interactions, and possible toxicities is critical to the
successful management of HIV-infected individuals.
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bolic syndrome; diabetes; hypogonadism.

ccording to the most recent data from
Athe Joint United Nations Programme on

HIV/AIDS (UNAIDS), 36 million people
worldwide are living with HIV/AIDS, with 18 mil-
lion accessing effective antiretroviral therapy (ART)
[1]. The past 2 decades have witnessed enormous
advances in the field from prevention to diagnosis
and therapeutics, and modern ART largely allows
HIV-infected persons to live near-normal life spans
[2,3]. However, from the beginning of the epidemic,
HIV-infected persons on effective therapy have suf-
fered from myriad metabolic consequences, many
of which affect quality of life and result in excess
mortality [4]. It is also true that untreated HIV
infection portends an increased risk of metabolic
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complications, likely related to abnormal immune ac-
tivation, as demonstrated in structured interruption
trials [5,6]. It is worth noting, however, that while
many of these metabolic dyscrasias and associated
risks have historically been attributed primarily to
the treatment of HIV infection with ART, data from
cohort studies and randomized clinical trials have
repeatedly demonstrated significant reductions in
morbidity and mortality when ART is initiated early
[7]. In this paper, we review HIV-related metabolic
complications frequently encountered in clinical
practice (hyperlipidemia, diabetes, and bone disease)
and best practice considerations in the context of 3
clinical cases.

CASE PATIENT 1

Initial Presentation and History

9. A 58-year-old male with a history of hyper-
W= tension and mixed hyperlipidemia is referred
for evaluation of newly diagnosed HIV infection. He
has no history of intravenous drug use but has had
multiple male and female sex partners in the past few
years, and requested testing after a partner tested
positive. His last negative test was 2 years ago. The
patient does not smoke cigarettes. Overall he feels
well and tolerates his regimen of lisinopril 10 mg
and simvastatin 20 mg daily. On initial evaluation,
his exam is unremarkable other than subtle white
plaques on the dorsal surface of the tongue and
buccal mucosa, and moderate central obesity. Vital
signs including blood pressure are normal. Initial
laboratory evaluation reveals a CD4 cell count of 150
cells/mm?® and an HIV RNA level of 200,000 cop-
ies/mL. Fasting serum total cholesterol is 220 mg/
dL, triglycerides 250 mg/dL, LDL 170 mg/dL, and
HDL 35 mg/dL. Serum BUN;, creatinine, and liver
function testing results are normal.

From the University of Connecticut School of Medicine,
Farmington, CT.
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¢ What initial regimen might be recommended
based on the status of his HIV infection and
comorbidities?

The most recent iteration of the US Department of
Health and Human Services (DHHS) guidelines on
use of antiretroviral agents (ARVs) in HIV recom-
mends an initial ART regimen that includes a back-
bone of 2 nucleoside reverse transcriptase inhibitors
(NRTTIs), generally tenofovir disoproxil fumarate or
tenofovir alafenamide, abacavir (ABC), emtricitabine
(FTC), or lamivudine (3TC) [2]. To this backbone
should be added a third agent; the majority of those
currently recommended are integrase strand transfer
inhibitors (INSTIs) (dolutegravir, elvitegravir, ralte-
gravir); one recommended protease inhibitor (PI)
(ritonavir-boosted darunavir) is also an option. Some
of these initial recommended regimens are available
as fixed-dosed combinations in 1 pill, making them
attractive options.

The latest guidelines also clearly recommend start-
ing ART in all HIV-infected individuals, irrespective
of CD4 count. The patient described above has a very
low CD4 count, so there is no question he needs to
begin therapy promptly. Given his low CD4 count
and relatively high viral load, one may consider a
ritonavir-boosted PI as perhaps the most robust op-
tion and with a relatively high barrier to resistance
development, in contrast to other options. Assuming
the patient’s baseline resistance testing reveals a fully
sensitive wild-type virus without meaningful resis-
tance mutations, he will begin a regimen of TDE/
FTC plus ritonavir-boosted darunavir, 3 pills once
daily. Given his low CD4 count (below 200 cells/
mm?), he will also need prophylaxis for Prenmocystis
Jirovecii pneumonia, in the form of trimethoprim/
sulfamethoxazole (TMP/SMX) daily. Given the po-
tential for interaction between the boosted PI and
simvastatin, his lipid-lowering agent is switched to
atorvastatin 10 mg daily.

e What is the association between hyperlipid-
emia and HIV infection and treatment?

Hyperlipidemia represents a key modifiable risk factor
for the development of cardiovascular disease (CVD)
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in HIV-infected individuals [8]. Indeed, a multicenter
cross-sectional study of older HI V-infected individuals
performed in Spain revealed a 54% prevalence of dys-
lipidemia and 23% CVD [9]. Most experts believe that
metabolic abnormalities observed in HIV-infected
individuals are the result of a combination of factors:
those resulting from abnormal immune activation and
inflammation related to viral replication, and those
related to certain ARVs [10].

Early after HIV seroconversion, decline in HDL
is one of the first proatherogenic changes observed.
This, along with increased triglyceride and LDL
levels, likely contribute to increased risk of CVD in
this population. Increased microbial translocation,
evidenced by increased levels of lipopolysaccharide
(LPS), may drive immune activation, leading to dys-
lipidemia via a multitude of hypothesized mechanisms
[4]. It has been theorized that HDL lipoproteins are
less stable on ART, leading to potentially impaired
plasma lipolytic activities or hepatic cholesteryl ester
uptake [6,11]. Increased VLDL from release of free
fatty acids may lead to higher triglyceride levels and
triglyceride-rich LDL and HDL, all associated with
increased risk of CVD [11].

In terms of effects of specific ARV classes, al-
though newer agents have less of a propensity to
cause dyslipidemia, the PI class arguably remains
most problematic. In comparison to other classes, the
PIs tend to result in greater increases in triglycerides,
total cholesterol, and LDL, and have frequent drug-
drug interactions with lipid-lowering agents [10,12].
Estimated prevalence of dyslipidemia in patients
receiving PI therapy varies from 28% to 80% [13].
The prospective multinational cohort Data collection
on Adverse events of Anti-HIV Drugs (DAD) study
found significantly higher rates of hypertriglyceride-
mia, hypercholesterolemia, and low HDL in patients
on PIs in comparison to non—nucleoside reverse tran-
scriptase inhibitors (NNRTTs) [14]. Various mecha-
nisms have been proposed to explain the PIs adverse
effects on lipids, including inhibition of lipogenesis
and adipocyte differentiation, decreased hepatocyte
clearance of chylomicrons and VLDL, and increased
hepatic synthesis of triglycerides [15]. Of the avail-
able PIs, atazanavir and darunavir have less potential
to lead to dyslipidemia [10], while lopinavir/ritonavir,
fosamprenavir, and tipranavir may have the highest
[13]. Of the NNRTTIs, efavirenz is most frequently
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associated with dyslipidemia, specifically increased
triglycerides and total cholesterol [13]. However, these
increased values seen on efavirenz therapy may be off-
set by relative increases in HDL, with little resultant
effect on the total cholesterol: HDL ratio. Rilpivirine,
etravirine, and nevirapine are relatively less likely to
drive lipid changes, although certain drug interactions
are important to recognize in clinical practice, such as
the interaction between rilpivirine and proton pump
inhibitors [2,13,16]. It is also worth noting that no
NNRTIs are included in current guidelines as pre-
ferred therapy [2].

Historically, the thymidine analogue NRTTs (stavu-
dine, didanosine, zidovudine) have been associated
with lipid dyscrasias and lipoatrophy, but fortunately
these are no longer used frequenty except in cases
requiring deep salvage therapy for highly treatment-
experienced patients. Two newer NRTTs, tenofovir and
abacavir, have relatively neutral to favorable effects on
lipids. The combination of tenofovir disoproxil (TDF)
and emtricitabine (trade name Truvada) was associated
with significantly lower triglycerides, total cholesterol
and LDL than other NRTT pairs [6]. TDF has been
postulated to have lipid-lowering eftects. Switch studies
in which patients were taken off thymidine analogues
and placed on TDEF, demonstrated recovery of limb
fat in patients with lipoatrophy, and those switched
oft abacavir-based ART to TDF showed statistically
significant lower fasting total cholesterol at week 12,
without differences of viral suppression [8]. Tenofovir
alafenamide (TAF) is a next-generation prodrug of
tenofovir that results in improved stability in plasma
and higher intracellular levels in comparison to TDF
[17]. Although randomized controlled trials of TAF vs
TDEF-based ARV regimens have suggested statistically
higher total cholesterol, serum HDL is also increased
resulting in unchanged total: HDL ratios and no dif-
ferences in risk classifications [18]. Integrase inhibitors
(INSTI) now represent first-line therapy in combina-
tion with an NRTI backbone, and since their avail-
ability in 2007 have been evaluated in comparison to
various PIs and NNRTTIs. Both raltegravir and dolute-
gravir have consistently shown broad neutral effects on
lipids and are among the most metabolically friendly
agents available [19-21]. Because it is given in fixed-
dose combination with non-ritonavir pharmacologic
booster cobicistat, elvitegravir has effects similar to
ritonavir-boosted PIs on lipids [6].
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e What are management considerations in the
treatment of hyperlipidemia in HIV-infected
patients?

Patients with HIV and hyperlipidemia may benefit
from lipid-lowering therapy in addition to ART, al-
though in certain cases appropriate switches may
make a difference. Careful consideration of drug in-
teractions between ARVs and lipid-lowering agents,
in addition to ARV history and known drug re-
sistance, is warranted prior to selecting a regimen
in these patients. In addition, the latest American
College of Cardiology/American Heart Association
guidelines suggest evaluating 10-year risk of athero-
sclerotic cardiovascular disease (ASCVD) using the
pooled cohort equation to determine the type and
dose of statin required (moderate vs high intensity)
[22]. It is noteworthy that HIV infection and its
therapies are not taken into account as potential risk
factors in this model. Primary prevention in non-
diabetic patients with a statin is recommended for pa-
tients with a 10-year absolute risk of > 7.5% [22]. This
patient’s risk is estimated at between 12% and 13%
based on this equation, so primary prevention with
a moderate-or high-intensity statin is recommended
(Table 1) [23]. Data from more than 80,000 patients
in the Veterans Aging Cohort Study (VACS) showed
that HIV-infected patients with no baseline ASCVD
had 50% increased risk of acute myocardial infarction
when compared to HIV-uninfected patients over 6
years of follow-up [24]. Thus, consideration of the
virus itself or its therapy as an additional risk factor
may be valid.

Screening and Monitoring of Hyperlipidemia

The most recent iteration of the DHHS primary
care guidelines for the management of HIV-infected
individuals recommends obtaining fasting (ideally
12 hours) lipid profiles upon initiation of care, and
within 1 to 3 months of beginning therapy [12,13].
These initial levels, along with other elements of the
patient’s history and calculation of risk may help de-
termine whether lipid-lowering therapy is indicated,
and if so, which therapy would be best. In general,
after regimen switches or additions of either ARV or
statin therapy, repeating fasting lipid levels 6 weeks
later is recommended to gauge the effects of the
switch. This is especially critical when interactions
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Table 1. High-, Moderate-, and Low-Intensity Statin Therapy

High Intensity

Moderate Intensity

Low Intensity

Atorvastatin 40-80 mg
Rosuvastatin 20-40 mg

Atorvastatin 10-20 mg
Rosuvastatin 5~10 mg
Simvastatin 20-40 mg
Pravastatin 40-80 mg
Lovastatin 40 mg
Fluvastatin 40 mg bid
Pitavastatin 2-4 mg

Pravastatin 10-20 m
Lovastatin 20 mg
Fluvastatin 20-40 mg
Pitavastatin 1 mg
Simvastatin 10 mg

Adapted from the 2013 ACC/AHA blood cholesterol guidelines [23].

between ARVs and lipid-lowering therapies are pos-
sible. Some experts recommend performing annual
screening of patients with normal baseline lipids or
with well-controlled hyperlipidemia on therapy. As-
sessment of 10-year ASCVD risk is also recommend-
ed annually, in addition to baseline risk assessment,
to determine the need and appropriateness of statin
therapy [25]. The question of primary prevention in
HIV has yet to be definitively answered. Small stud-
ies in this population have demonstrated that statins
have the potential to slow progression of carotid in-
tima media thickness and reduce noncalcified plaque
volume [24]. An NIH/AIDS Clinical Trial Group—
sponsored randomized clinical trial (“REPRIEVE”)
is currently underway to address this question. More
than 6000 HIV-infected men and women with no
history of ASCVD at 100 sites in several countries
are enrolled to assess the benefit of pitavastatin as
primary prevention in this risk group [24]. Metabo-
lized via glucuronidation primarily, as opposed to
cytochrome p450 (CYP 3A4 isoenzyme), pitavastatin
is thought to have fewer drug interactions with ARVs
in general [6] (Table 2).

Relevant Drug-Drug interactions

Deciding which statin to begin in HIV-infected pa-
tients depends on whether moderate- or high-inten-
sity therapy is warranted and whether the potential
for drug interaction with ARVs exists. Table 2 [6,12]
depicts available statins and the potential for pharma-
cokinetic interaction with the primary ARV classes.
Simvastatin and lovastatin are heavily metabolized
via the CYP 3A4 pathway, resulting in the highest
potential risk of interaction with CYP 3A4 inhibi-
tors, such as the PIs, or inducers (eg, NNRTIs, in
particular efavirenz) [6]. The former may inhibit me-
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tabolism of these statins, resulting in increased risk
of toxicity, while co-administration with efavirenz,
for example, may result in inadequate serum con-
centration and therefore inadequate lipid-lowering
effects. Although less lipophilic, atorvastatin results
in similar interactions with PIs and NNRTIs, and
therefore low starting doses with close monitoring
is recommended [6]. Fewer interactions have been
noted with rosuvastatin, pravastatin, and pitavas-
tatin, as these do not require CYP 3A4 for their
metabolism and are thus less likely to be affected
by ARVs. These therefore represent potentially safer
first choices for certain patients on ARVs, although
of these, only rosuvastatin is classified as a high-
intensity statin [22,23] (Table 1). When compared
directly to pravastatin 40 mg daily in patients receiv-
ing ritonavir-boosted Pls, rosuvastatin performed
superiorly at 10 mg per day, resulting in more signifi-
cant reductions in LDL and triglyceride levels [15].
Although it is eliminated largely unchanged through
the kidney and liver, pravastatin has been reported to
idiosyncratically interact with darunavir, resulting in
potentially increased pravastatin levels and associated
toxicity [25]. Treatment of pure hypertriglyceridemia
in HIV-infected patients should begin with fibrates,
which have little to no risk of interaction with most
clinically relevant ARVs [6,10]. Alternatives to lower
triglycerides include niacin and N-3 polyunsaturated
fatty acids [25].

CASE 1 CONTINUED

9. The patient has an impressive response to his
WS initial regimen of TDE/FTC plus boosted
darunavir, with repeat CD4 count after 12 weeks of
275 (18%) cells/mm? and an undetectable viral load
(< 20 copies/mL). Other lab parameters are favorable
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Table 2. Drug-Drug Interactions Between Statins and ARV Classes Frequently Used in Clinical Practice

PI NNRTI NRTI INSTI
Atorvastatin Increased concentra-  Decreased concentra-  Decreased concentra- No interactions anticipated,
tion tion, efavirenz, etra- tion, TDF only raltegravir and dolutegravir*

virine

Decreased concentra-
tion, TDF only

No interactions anticipated,
raltegravir and dolutegravir*

Lovastatin Contraindicated Decreased concentra-
tion, nevirapine, etra-
virine

Pitavastatin Increased concen- No data

tration, atazanavir/
ritonavir and lopinavir/
ritonavir only

Increased concen-
tration, darunavir/
ritonavir and lopinavir/
ritonavir only

Pravastatin
tion, efavirenz

Rosuvastatin Increased concen- No interactions antici-
tration, darunavir/ pated
ritonavir lopinavir/rito-
navir, and atazanavir/
ritonavir
Simvastatin Contraindicated Decreased concentra-

tion, efavirenz, nevirap-

ine, etravirine

Decreased concentra-

No interactions antici-
pated

No interactions anticipated,
raltegravir and dolutegravir*

Decreased concentra-
tion, TDF only

No interactions anticipated,
raltegravir and dolutegravir*

No interactions antici-
pated

No interactions anticipated,
raltegravir and dolutegravir*

No interactions antici-
pated

No interactions anticipated,
raltegravir and dolutegravir*

*Cobicistat-boosted elvitegravir, metabolized via CYP 3A4, is assumed to have similar interactions to ritonavir-boosted Pls.

and he is tolerating the regimen well without notable
side effects. However, at his next visit, although his
viral load remains undetectable, his triglyceride level
has increased to 350 mg/dL, although other lipid
parameters are comparable to the prior result. He
complains of diffuse body aches, concentrated in
large muscle groups of the extremities, and dark-
colored urine. A creatine phosphokinase (CPK) level
is elevated at 300 IU/L (normal, 22-269, negative
MB fraction). Serum creatinine is 1.4 mg/dL (had
been 1.1 mg/dL at baseline). Given he has done so
well otherwise on these ARVs, he is reluctant to make
any changes.

e What drug-drug interaction is most likely
causing this patient's problem, and how should
it be managed?

This scenario is not uncommon in clinical practice,
and changes to regimens are sometimes necessary in
order to avoid drug interactions. Care must be taken
to thoroughly review antiretroviral history and avail-
able resistance testing (in this case a relatively short
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history) in order to ensure a fully active and suppres-
sive regimen is chosen. This description could be
the result of an interaction between lipid-lowering
therapy and ARVs resulting in increased relative
concentrations of one drug or the other and there-
fore leading to toxicity. Given this possibility, and
suboptimal control of hyperlipidemia, consideration
should be given to switching both his ART and his
statin therapy.

Safety and Potential Toxicities of Lipid-
Lowering Therapy

Increased serum concentration of certain statins
when co-administered with CYP 3A4 inhibitors like
the PIs leads to heightened risk of statin-associated
toxicities. In general, this includes muscle inflam-
mation, leading to increases in serum CPK level and
associated symptoms, including myalgias, myositis,
or in extreme cases, rhabdomyolysis [6]. Although
rare, this toxicity can be serious and may lead to acute
renal injury if not recognized and managed appro-
priately. In theory, the potential for statin-associated
hepatotoxicity may also be increased in patients re-
ceiving PIs, although this has not been borne out in
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clinical trials [26]. In fact, quite the opposite may be
true, in that statins have been shown to improve liver
function in patients with hepatitis C virus (HCV)
coinfection and with nonalcoholic fatty liver disease
[6,15].

CASE 1 CONCLUSION

9. The patient does well on his new ARV regi-
WS men of TAE/FTC and dolutegravir, 2 pills
once daily. He no longer requires TMP/SMX, as
his CD4 count has been reliably above 200 cells/
mm? on several occasions. Serum creatinine is back
down to baseline and CPK has normalized. Fast-
ing lipids have improved since the switch, and he
no longer has symptoms of myositis on rosuvastatin
10 mg daily.

Summary

Consideration of statin therapy is complicated by po-
tential drug interactions with ARVs and associated tox-
icity. However, given known effects of ARVs on lipids,
and of immune activation and inflammation related
to the virus itself, these patients should be carefully
evaluated for statin therapy for their anti-inflammatory
and immune modulatory effects as much as for their
lipid-lowering ability. Utilization of HIV infection and
its therapies as additional cardiovascular risk factors
when calculating 10-year risk deserves further consid-
eration; forthcoming results of the REPRIEVE trial
are certain to contribute valuable information to this
field of study.

CASE PATIENT 2

Initial Presentation and History

9. A 45-year-old female with history of HIV
W= infection since 2008 presents to the office for
new-onset diabetes, diagnosed 2 weeks ago. She has
had symptoms of polyuria and polydipsia for the last
1 month. She denies diarrhea, nausea, vomiting or
weight loss. She is currently on a regimen consisting of
zidovudine/lamivudine plus lopinavir/ritonavir. There
is no family history of diabetes. Her examination is
unremarkable, including normal vital signs (weight
150 Ib, blood pressure 114,/70, heart rate 76) and
no evidence of insulin resistance, including acantho-
sis nigricans or striae. Glycosylated hemoglobin level
(HbAIc) is 8%. Creatinine and liver function tests are
within reference ranges.
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e Do HIV-infected patients have a higher
incidence of type 2 diabetes mellitus (DM)?

Prevalence of type 2 DM in HIV-infected patients
varies between 2% to 14% [27]. This variation is due
to the different cutoffs used for diagnosis, differences
in cohorts studied, and how risk factors are analyzed
[28-31]. In a recent nationally representative estimate
of DM prevalence among HIV-infected adults receiv-
ing medical care in the United States in 2009-2010,
the prevalence of DM was noted to be 10.3%. In
comparison to the general adult US population, HIV-
infected individuals have a 3.8% higher prevalence of
DM after adjusting for age, sex, race/ethnicity, educa-
tion, poverty-level, obesity, and HCV infection [27].

There is controversy over whether HIV infection it-
self increases the risk of type 2 DM, with some studies
showing increased risk [28,32,33] and others showing
no independent effect or an inverse effect [30,34,35].
Studies on the impact of ethnicity and race on preva-
lence of DM are limited [36].

Certain traditional risk factors (age, ethnicity, obe-
sity) are still responsible for most of the increased risk
of diabetes in the HIV-infected population [35,37].
HIV infection itself is associated with metabolic dys-
function, independent of ARV. In HIV-infected pa-
tients, impaired glucose metabolism is associated with
altered levels of adipokines, increased adiponectin and
soluble-tumor necrosis factor receptor 1 (STNFR1) and
decreased leptin [38,39]. HIV-associated alterations in
CD4+ and CD8+ T cell function also impair glycolysis,
which may adversely impact glucose metabolism [40].

Other contributing factors in HIV-infected patients
are HCV co-infection [41], medications (atypical anti-
psychotics, corticosteroids), opiates, and low testoster-
one [42]. HCV co-infection may lead to hepatic steato-
sis and liver fibrosis, and increasing insulin resistance.

Recent genomic studies show several common
single-nucleotide polymorphisms (SNDs) associated
with diabetes in the general population. In the Swiss
HIV Cohort Study, SNPs accounted for 14% of type 2
DM risk variability, whereas ARV exposure accounted
for 3% and age for 19% of the variability in DM [43].

ARVs also increase the risk of type 2 DM by both
direct and indirect effects. Certain ARVs causes li-
poatrophy [30] and visceral fat accumulation/lipohy-
pertrophy [29,44]. PIs increase insulin resistance via
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Table 3. Oral Hypoglycemic Agents for Treatment of Type 2 Diabetes in HIV Patients

Class Agent Mechanism of Action Consideration in HIV
Biguanides Metformin I hepatic glucose production Dolutegravir increases metfor-
and improve insulin sensitivity min concentrations
Sulfonylureas Glimepiride Tinsulin secretion
Glyburide
Glipizide
Thiazolidinediones (TZDs) Rosiglitazone Tinsulin sensitivity CYP2CS8 inhibitors (many Pls)
Pioglitazone may TTZD levels
GLP-1 Receptor Agonists Exenatide/Exenatide LAR Tglucose- dependent insulin
Liraglutide secretion,
Albiglutide lglucagon secretion
Dulaglutide slows gastric emptying
Tsatiety
DPP-4 Inhibitors Sitaglipin Tinsulin secretion (glucose Saxagliptin interacts with
Saxagliptin dependent) strong CYP3A4/5 inhibitors(
Linagliptin Lglucagon secretion (glucose  ©9» fitonavir)
Al dependent) Use reduced dose
Alogliptin
SGLT2 Inhibitors Canaglifozin lGlucose reabsorbtion by the ~ Use a higher dose of cana-
Dapagliflozin kidney, increasing glucosuria  gliflozin (300mg) if used
E liflozi with a UGT enzyme inducers
mpagiitiozin (eg, ritonavir)
Meglitinides Repaglinide TMinsulin secretion Repaglinide/nateglinide levels
Nateglinide may increase when used

with CYP3A4/CYP2CS8 in-
hibitors.

EFV and ETR may increase
level of nateglinide

CYP = cytochrome P450; DPP-4 = dipepetidyl peptidase 4; EFV = efavirenz; ETR = etravirine; GLP-1= glucagon-like peptide 1,
LAR = long-acting release; Pl = protease inhibitor; UGT = UDP-glucuronosyltransferase.

effects on GLUT-4 transporter and decrease insulin
secretion through effects on B cell function [45].
NRTIs (eg, stavudine, zidovudine and didanosine)
can cause direct mitochondrial toxicity [46-48].
Utilization of newer ARV agents has decreased the
prevalence of severe lipoatrophy, but lipohypertrophy
and the underlying metabolic abnormalities persist.
The DHHS “preferred” nucleoside analogues, te-
nofovir and abacavir, do not induce mitochondrial
toxicity and have more favorable metabolic profiles
[49,50]. In ACTG Study 5142, thymidine-sparing
regimens were found to cause less lipoatrophy [51].
In addition, darunavir and atazanavir, the preferred
and alternative PIs and the integrase strand transfer
inhibitor have limited or modest impact on insulin
sensitivity [20,52,53]. This has led to a recent de-
cline in the incidence of type 2 DM in HIV-infected
patients.
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Statins can also increase insulin resistance and
DM [54], although studies have shown mixed results
[55-57]. The benefits of statin therapy likely outweigh
the risk of DM since there is a significant cardiovascu-
lar event reduction with their use [58,59].

e How is diabetes diagnosed in HIV-infected
patients?

Optimal diabetes screening guidelines have not been
established specifically for HIV-infected patients. The
American Diabetes Association (ADA) guidelines
recommend that diabetes in the general population be
diagnosed by 2 elevated fasting blood glucose levels,
HbAlc, oral glucose tolerance test (OGTT), or high
random glucose with classic symptoms of hypergly-
cemia [60]. Repeat testing is recommended every 3
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years. The OGTT is recommended for diagnosis in
pregnant women.

HbAlc may underestimate glycemic burden in
HIV-infected individual due to higher mean corpuscu-
lar volume, NRTT use (specifically abacavir), or lower
CD4 count [61-65]. The Infectious Diseases Society
of America (IDSA) 2013 primary care guidelines for
HIV-infected patients recommends obtaining a fast-
ing glucose and/or HbAlc prior to and within 1-3
months after starting ARV [12]. Use of HbAlc thresh-
old cutoff of 5.8% for the diagnosis of DM and testing
every 6—12 months are recommended.

e How should this patient’s diabetes be
managed?

The ADA guidelines suggest a patient-centered approach
to management of diabetes [66]. All patients should be
educated about lifestyle modifications with medical nu-
trition therapy and moderate-intensity aerobic activity
and weight loss [67]. If'a patient is on lopinavir/ritonavir
or a thymidine analogue (zidovudine, stavudine), one
should consider switching the ARV regimen [2].

There are currently no randomized controlled tri-
als of diabetes treatment specific to patients with HIV
infection. Metformin is the first-line agent. It improves
insulin sensitivity by reducing hepatic glucose produc-
tion and improving peripheral glucose uptake and lipid
parameters [68,69]. Other oral hypoglycemic agents
used in the treatment of type 2 diabetes are shown in
Table 3.

CASE 2 CONTINUED

9. The patient is switched to TAE/FTC plus do-
W= lutegravir with improvement in blood sugars.
She is also started on metformin. Co-administration
of metformin and dolutegravir will be carefully moni-
tored since dolutegravir increases metformin concen-
tration [70]. When dolutegravir is used with met-
formin, the total daily dose of metformin should be
limited to 1000 mg.

¢ How should this patient be followed?

If the patient is still not at goal HbAblc at follow-up,
there are multiple other treatment options, including
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use of insulin. Goal HbAlc for most patients with
type 2 DM is < 7%; however, this goal should be indi-
vidualized for each patient in accordance with the ADA
guidelines [12]. A longitudinal cohort study of 11,346
veterans with type 2 diabetes compared the glycemic
effectiveness of oral diabetic medications ( metformin,
sulfonylurea and a thiazolidinedione) among veterans
with and without HIV infection. This study did not
find any significant difference in HbAlc based on
different diabetes medications. However the HBAlc
reduction was less in black and Hispanic patients. The
mechanism for the poorer response among these pa-
tients need to be evaluated further [71]. In addition to
management of blood sugar, other CVD risk factors,
hyperlipidemia, hypertension, smoking, etc, should be
assessed and managed aggressively.

CASE PATIENT 3

9. Initial Presentation and History

W= A 45-year-old male with a history of HIV
infection diagnosed 10 years ago, on TDE/FTC/efa-
virenz (trade name Atripla) for the last 7 years, presents
with a left femoral neck fracture after he missed the
pavement and fell on his left hip. His history is signifi-
cant for IV drug abuse for 10 years prior to diagnosis
of HIV, and he has been on methadone for the last
6 years.

e Is HIV infection associated with increased
prevalence of osteopenia and osteoporosis and
increased risk of fractures?

With recent advancements in antiretroviral therapy and
improved survival of the HIV-infected population, os-
teoporosis and increased fracture risk have become im-
portant causes of morbidity and mortality. Osteoporo-
sis is a skeletal disorder characterized by compromised
bone strength, which predisposes to an increased risk
of fracture. The World Health Organization defines
osteoporosis as a bone mineral density (BMD) mea-
surement by dual X-ray absorptiometry (DXA) at the
spine, hip, or forearm that is more than 2.5 standard
deviations below that of a '"young normal" adult
(T-score < —2.5) or a history of one or more fragility
fractures. Fragility fractures result from mechanical
forces that would not ordinarily result in fracture, such
as fall from standing height [40]. Osteopenia is charac-
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terized by low BMD (T-score between —1.0 and -2.5)
and can be a precursor to osteoporosis.

Several observational, retrospective, and prospective
studies have shown lower bone density and an increased
risk of fractures in the HIV-infected population com-
pared to age-, race- and sex-matched HIV-negative
adults. In a large meta-analysis of pooled prevalence
data on 884 HIV-infected patients compared with 654
HIV-uninfected age- and sex-matched controls [72],
overall, HIV-infected patients had a significant 6.4-fold
increased odds of reduced BMD and a 3.7-fold increased
odds of osteoporosis compared to the control popula-
tion. This meta-analysis also compared ARV-treated
subjects to ARV-naive subjects and showed that ARV-
treated subjects (» = 824) had a higher prevalence of
reduced BMD compared with ARV-naive subjects (n=
202; odds ratio 2.5, 95% CI 1.8-3.7). The odds of os-
teoporosis was increased 2.4 times (95% CI 1.2 — 4.8)
in ARV-treated subjects compared with ARV-naive
subjects. None of the studies adjusted for potentially
important confounding factors, such as age or dura-
tion of HIV infection. Pl-treated patients (z = 791)
were also found to have a higher prevalence of reduced
BMD compared with PI-untreated patients (# = 410;
OR 1.5, 95% CI 1.1-2.0). The odds of osteoporosis in
PI-treated patients (# = 666) was also 1.6-fold greater
(95% CI 1.1-2.3) than those not treated with PI
(n=367).

Low bone density has also been reported in
HIV- positive premenopausal women irrespective of
ARV status. In a recent study of 89 premenopausal
women (mean age, 37 years) predominantly of Af-
rican origin with HIV infection, osteopenia and
osteoporosis were prevalent in one-third of these
women, irrespective of ARV use and were associated
with low BMI [73]. In a sub-study of the INSIGHT
trial evaluating prevalence of and risk factors for low
BMD in untreated HIV infection, performed at sev-
cral sites across 6 continents involving 424 subjects,
osteopenia was present in a third of this relatively
young predominantly non-white ART-naive popu-
lation (mean age 34 + 10 years) with normal CD4
cell counts, while only 2% had osteoporosis. Factors
independently associated with lower BMD at the hip
and spine were female sex, Latino/Hispanic ethnic-
ity, lower BMI, and higher estimated glomerular
filtration rate. Longer duration of HIV infection
was also associated with lower hip BMD. Current or
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nadir CD4 cell count and HIV viral load were not
associated with low BMD [74].

Many studies have reported increased fracture prev-
alence in the HIV population. In a retrospective study
of fracture prevalence in a large US health care system,
a significantly higher rate of fractures was reported
in HIV-infected men and women compared to non-
HIV-infected controls (2.87 vs. 1.77 fractures per 100
persons, P < 0.001). The difference in the increased
fracture prevalence was greater in HIV positive men
compared to women (3.08 vs. 1.83; P < 0.001). Ver-
tebral, wrist and hip fractures were more prevalent in
men compared to vertebral and wrist fractures only in
women. Fracture prevalence was higher in both Cau-
casian females and males and only in African-American
women [75].

In the HIV Outpatient Study (HOPS) [76], age-ad-
justed fracture rates in the HIV population were noted
to be 1.98 to 3.69 times higher than rates in the general
population. The HOPS was an open prospective cohort
study of HIV-infected adults who were followed at 10
US HIV clinics. Rates of first fractures at any anatomic
site from 20002008 were assessed among 5826 active
HOPS patients (median age 40 years, 79% male, 52%
Caucasian, and 73% exposed to ART). Among persons
aged 25-54 years, both fracture rates and relative pro-
portion of fragility fractures were higher among HOPS
patients than among outpatient controls. Older age,
substance abuse, nadir CD4+ cell count <200 cells/
mm, HCV infection and DM were associated with inci-
dent fractures [76].

e What factors contribute to poor bone health in
the HIV population?

Several factors that contribute to low bone density are
present at a higher rate in the HIV population (Table
4). These include poor nutritional status in terms of
suboptimal calcium and vitamin D intake, hypogo-
nadism, low body weight, and alcohol, tobacco and
substance abuse.

Vitamin D deficiency is very common in HIV-
infected patients, with a prevalence of up to 60%
to 75% [77]. Hypogonadism is also relatively com-
mon among HIV population [78], contributing
to lower bone density. Co-infection with HCV is
also associated with increased risk of fractures. In a
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Table 4. Risk Factors for Osteoporosis and Fracture in HIV-Infected Individuals

Traditional HIV-Related
Age Antiretroviral therapy
Family history Hepatitis C or B co-infection

Non-Black or white race
Low body mass index
Prior fracture
Alcohol abuse
Tobacco use
Glucocorticoids

Other concomitant medications such as proton pump
inhibitors and anticonvulsants

Comorbidities

Low CD4 count
Male hypogonadism
Chronic inflammation
Growth hormone deficiency

Substance abuse

large cohort of Medicaid beneficiaries, a significant
increase in the risk of hip fracture was demonstrated
in HCV/HIV co-infected subjects compared ei-
ther with HCV mono-infected, HIV mono-infected
or non-infected individuals [79]. In another large
database study, a significantly higher risk of os-
teoporotic fracture (closed wrist, vertebral or hip
fracture) was reported in HCV/HIV co-infected
versus HIV mono-infected individuals [80] with
fracture rates of 2.57 and 2.07/1000 patient-years
(P < 0.001). Dual treatment for HIV/hepatitis B co-
infection has also been shown to be associated with a
higher risk of hip fracture compared to treatment of
HIV mono-infected individuals [81].

HIV infection itself can increase bone loss and
reduce bone formation through direct effects related
to the HIV antigen load or indirect effects related to
activation of the pro-inflammatory cytokines resulting
in bone resorption and loss [82]. Co-infection with
HCV and/or hepatitis B also contributes to lower
bone density in this population. Certain ARVs may
also contribute to low bone density in the HIV popu-
lation. Lipoatrophy related to HIV may also mediate
bone loss through complex relationship between cen-
tral signaling of adipocyte hormones [82,83].

Direct Viral Effects

Several HIV viral proteins have been shown to pro-
mote osteoclast activity (vpr and gpl20), suppress
osteoblast activity (p55-gag) and increase osteoblast
apoptosis [84], resulting in increased bone resorp-
tion and reduced bone formation, leading to low
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bone mass. High HIV RNA viral load and T-cell
activation are also associated with elevated levels of
receptor activator of nuclear factor kappa-B ligand
(RANKL), which results in osteoclast formation and
increased bone resorption [85]. Other endogenous
physiological inhibitors of osteoclastogenesis such
as osteoprotegrin and interferon-vy levels are also
remarkably downregulated in advanced HIV infec-
tion, resulting in increased bone resorption [86].
At a cellular level, HIV proteins including Tat and
Nef reduce the number of available mesenchymal
stem cell (MSC) precursors that proliferate into
osteoblasts by inducing MSC senescence, due to in-
creased oxidative stress and mitochondrial dysfunc-
tion resulting in reduced proliferation of osteoblasts
and lower rates of bone formation [87]. Collectively,
these mechanisms result in significant uncoupling
of bone formation and resorption, resulting in less
bone formation and greater rate of bone loss and
lower bone density.

Pro-inflammatory Pathways

Cytokines and other soluble immune factors play a
major role in the physiology of osteoblast maturation
and osteoclastic bone resorption [88,89]. Immune
dysfunction and persistent inflammation in HIV result
in increased levels of several inflammatory cytokines,
including tumor necrosis factor (TNF)-a, interleu-
kin-6 (IL-6), and RANKL, resulting in stimulation
of osteoclastogenesis and bone resorption [90]. Due
to a disruption between T and B cells in HIV and
decreased osteoprotegrin (OPG) production and in-
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creased RANKL level, RANKL/OPG ratio is elevat-
ed, favoring osteoclastogenesis [91].

¢ |s antiretroviral therapy associated with bone
loss?

The initiation of ART has been reported to cause
2% to 6% bone loss irrespective of the regimen used,
similar to that sustained in the first 2 years after
menopause [92]. Certain NRTIs and PIs are associ-
ated with higher rates of bone loss than others. TDF
has been associated most commonly with decreased
bone mineral density, which usually stabilizes with
continued use [93]. In a randomized trial comparing
4 treatment arms of ABC/3TC or TDE/FTC with
EFV or ATV/ritonavir, TDF was associated with a
greater reduction in BMD compared to abacavir-
based regimens [94]. The likely cause of this may
be TDF-mediated renal toxicity, including proximal
tubular dysfunction and hypophosphatemia, result-
ing in increased PTH and bone resorption, and
nephrogenic diabetes insipidus [95]. TAF is another
prodrug of tenofovir diphosphate associated with
less renal and bone toxicity compared with TDEF.
TAF has been associated with significantly less de-
crease in bone mineral density and renal dysfunction
in randomized studies compared to regimen using
TDF [17]. Vitamin D deficiency and hypophospha-
temia associated with TDF therapy may present with
osteomalacia, which predisposes to bone pain and
fractures. Treatment with TDF may rarely be associ-
ated with the development of Fanconi syndrome and
osteomalacia [96]. BMD is often severely reduced
and bone pain and pathological fractures are char-
acteristic features. Certain PI regimens containing
ritonavir-boosted atazanavir have also been associ-
ated with greater bone loss in the spine than the hip,
compared to efavirenz-containing regimens [97].
The universal bone loss associated with ART is
thought to be a result of the "immune reconstitution
inflammatory syndrome" (IRIS). This occurs as a re-
sult of rapid improvement in immune function after
the commencement of ARV as a result of systemic
or local inflammation, resulting in increased levels
of cytokines that may contribute to bone loss. This
has been shown in animal studies where T cell trans-
plantation into immunocompromised mice to mimic
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ARV-induced T-cell expansion resulted in increased
RANKL and TNF-a production by B cells and /or T
cells, accompanied by enhanced bone resorption and
BMD loss. When TNF-a or RANKL-null T-cells
or TNF-a antagonists were used instead, the loss of
cortical bone was prevented [98]. In a prospective
study evaluating changes in bone turnover markers
and inflammatory cytokines with ARV therapy in
HIV infected subjects, a significant increase in bone
resorption markers, RANKL and TNF-a were seen
after initiation of ARV. The magnitude of CD4-cell
recovery correlated with the increase in markers of
bone resorption [99], suggesting that recovery of
the immune system contributes to the increase in
cytokine-mediated bone resorption.

¢ How is bone health and fracture risk assessed
in the HIV-positive population?

The predictive value of low BMD for fracture risk
assessment in the HIV-positive population has not
been established. In the absence of definitive data,
the fracture risk assessment and standard methods of
measuring bone density using DXA are utilized. In
a large study of 1000 men and women, osteoporosis
defined as a BMD T-score —2.5 as measured by DXA,
was associated with a significantly increased risk of
incident fractures but was not a good predictor of
morphometric vertebral fractures [100]. In the ab-
sence of prospective longitudinal studies evaluating
the bone density parameters at which fracture risk is
significantly increased in the HIV population, it is
reasonable to follow the guidelines used in the non-
HIV population.

The approach to treatment of osteopenia and
osteoporosis is similar to that in non HIV-infected
population and is directed at lifestyle changes and
treatment of secondary causes of osteoporosis [101],
followed by initiation of antiresorptive therapy.

Management of Bone Disease

There are several guidelines available for the man-
agement of bone disease in the HIV population.
The most recent guidelines from the IDSA [12]
recommend assessing the risk of fragility fracture
using the Fracture Risk Assessment Tool (FRAX),
without DXA, in all HIV-infected men aged 40-49
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years and HIV-infected premenopausal women aged
> 40 years. DXA should be performed in men aged
> 50 years, postmenopausal women, patients with
a history of fragility fracture, patients receiving
chronic glucocorticoid treatment, and patients at
high risk of falls. In resource-limited settings, FRAX
without bone mineral density can be substituted for
DXA. ART guidelines should be followed. TDF and
boosted PIs should be avoided if possible in at-risk
patients. Dietary and lifestyle management strategies
for high-risk patients should be employed and anti-
osteoporosis treatment initiated if indicated [102].

The FRAX tool is available at www.shef.ac.uk/
FRAX/ and is used to calculate 10-year fracture risk
using patient clinical data, including presence of risk
factors for osteoporosis. The tool is population-spe-
cific by race and region. It has not been validated for
the HIV-positive population and may underestimate
fracture risk [103]. HIV status is considered a sec-
ondary cause of osteoporosis in FRAX calculation.

The National Osteoporosis Foundation recom-
mends screening with DXA for all women > 65 years
of age, all men > 70 years of age, and adults > 50
years of age with additional risk factors for osteopo-
rosis. Evaluation for secondary causes for low BMD
should always be considered in the HIV-positive
population including evaluation of calcium and
vitamin D intake. Laboratory testing may include
complete blood count, calcium, phosphate, albumin,
creatinine, PTH, 25 hydroxy vitamin D (25,0HD)
and 24 hour urine for evaluation of calcium, creati-
nine and phosphate (especially if on TDF) excretion.
Testosterone level can be checked in men and estra-
diol, prolactin, FSH and LH in women for evalua-
tion of hypogonadism. Bone turnover markers (bone
specific alkaline phosphatase and serum C-terminal
telopeptide) can also be assessed at baseline.

Studies using high-resolution peripheral quantita-
tive computed tomography (HSPQCT) have shown
significant reductions in tibial trabecular bone den-
sity and trabecular number in pre-menopausal and
postmenopausal HIV-infected women [104], with
reduced bone stiffness measured using finite element
analysis [105]. Co-infection with HCV is also associ-
ated with significantly lower trabecular volumetric
BMD and smaller cortical dimensions in the tibia,
compared to healthy subjects [106]. HSPQCT is
not widely available for clinical use at this time. Lat-
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eral imaging of the spine or vertebral morphometric
analysis may be done in cases of height loss to assess
for occult vertebral compression fractures.

There is a high prevalence of vitamin D deficiency
in the HIV-infected population [107]. Treatment
goal is to have a vitamin D level of at least 30 ng/
mL, based on Endocrine Society practice guidelines
[108], and may require supplementation with 1000—
2000 units of vitamin D daily. Calcium intake should
be optimized, averaging 1000 mg per day including
diet and supplements, to be taken in divided amounts
through the day for optimal absorption. Secondary
causes of low bone density as mentioned in Table 4
should also be addressed. Patients should be coun-
seled on tobacco and alcohol abuse. Corticosteroids
should be dosed at the lowest dose needed. Medi-
cations such as proton pump inhibitors can impair
the absorption of calcium carbonate, in which case
calcium citrate supplements should be used if there is
suboptimal calcium intake in the diet.

¢ Which medications have been shown to be
effective in treatment of osteoporosis in the
HIV population?

Bisphosphonates are the mainstay of therapy for
osteoporosis in the HIV-infected population. Only
alendronate and zoledronate have substantial evi-
dence of safety and effectiveness in the HIV-infected
population, but these studies have been small and of
limited duration.

Bisphosphonates are pyrophosphate analogues
that inhibit bone resorption by binding to the hy-
droxyapatite crystals in the bone. Several prospective
studies have shown alendronate to increase bone
density compared to calcium and vitamin D alone in
the HIV infected patients with reduced bone density
[109,110], with significant reduction in markers of
bone resorption [111].

Zoledronic acid (ZA), an amino-bisphosphonate
which is infused intravenously, has also been used in
smaller studies in HIV-infected persons. In a pro-
spective study evaluating yearly ZA infusion to bien-
nial ZA infusion in subjects with HIV and low bone
density [112], biennial ZA infusions were found to be
effective in improving and maintaining bone density
in the HIV population. In another prospective study
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evaluating the effects of ZA in HIV-positive men,
ZA infusion was given at baseline and at 12 months.
Compared to placebo, treatment group had signifi-
cantly higher bone density and lower bone turnover
markers till 5 years after the last infusion [113].

In a meta-analysis evaluating the effect of bisphos-
phonates on bone mineral density in 328 adults with
HIV infection from 8 randomized controlled trials (5
with alendronate and 3 with ZA as the intervention),
a significant increase in BMD at the lumbar spine and
hip was observed in the treatment groups at 48 and 96
weeks. However, these studies were not long enough
to detect the impact of bisphosphonates on fracture
risk [114]. ZA has also been shown to be effective
in preventing ARV induced bone loss after a single
infusion [115].

These studies confirm that both alendronate and
ZA are effective in improving BMD in the HIV-infect-
ed population, with early studies showing a beneficial
effect of ZA in mitigating ARV-induced bone loss as
well. DXA may be repeated 1 to 2 years after initiation
of osteoporosis therapy and less often subsequently if
BMD is stable to improved [116].

Although these studies show significant improve-
ment in bone density with treatment, longitudinal
data on fracture reduction with these medications in
the HIV-infected population are not available. Ad-
ditionally, these patients have onset of osteoporosis at
a younger age and the need for osteoporosis treatment
needs to be assessed carefully before initiating treat-
ment. There are other medications available for the
treatment of osteoporosis in the non-HIV population
such as raloxifene, teriparatide and denosumab, but no
randomized controlled studies of these agents are avail-
able in the HIV-infected population.

Summary

The advent of highly potent antiretroviral therapy ca-
pable of early and prolonged viral suppression in HIV-
infected patients has resulted in significant increases in
life span. As we have already seen, this will likely lead
to a rising incidence of various metabolic complica-
tions of HIV and ARYV, including hyperlipidemia and
diabetes with associated cardiovascular disease risk. A
keen awareness of these potential complications, drug
interactions, and possible toxicities will be paramount
to their successful management. Appropriate care of
HIV-infected individuals going forward will likely
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require multidisciplinary collaboration as the epidemic
evolves to allow our patients to live not only longer, but
healthier lives.
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