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ABSTRACT

Background: The proportion of people with HIV-1 infection who have coexisting type 2 diabetes mellitus (DM) is
increasing. The higher incidence of type 2 DM in this patient population is associated with increased survival from HIV-1
infection due to advanced HIV treatment strategies and therapies, as well as a complex interaction of diabetes risk factors,
including family history, body composition, comorbidities, HIV treatment modality, and disease progression.

Objective: The purpose of this article was to describe the impact of these contributing factors on the risk for type 2 DM
among people with HIV-1 infection and the available treatment options for managing type 2 DM in these patients.

Methods: The Ovid MEDLINE database was searched for English language articles published between January 2005
and June 2009. Various search strategies were applied to identify appropriate articles. The references listed in the
retrieved documents were searched for additional articles. Nonhuman studies were excluded.

Results: Abnormal glucose homeostasis and metabolic disturbances associated with HIV-1 infection appear to have
become widespread after the introduction and application of potent antiretroviral therapy, including protease inhibitors
(PIs), ritonavir-boosted PIs, nucleoside reverse transcriptase inhibitors (NRTIs), and nonnucleoside reverse tran-
scriptase inhibitors (NNRTIs). PIs and NNRTIs may have pathogenic roles in insulin resistance, whereas the stage and
progression of HIV-1 infection affect lipid values and glucose homeostasis. It is estimated that as many as 80% of
patients currently treated with PIs develop insulin resistance compared with ~2% before the introduction of highly
active antiretroviral therapy. Evidence suggests that statins may be contraindicated as a combination therapy with Pls
when comanaging dyslipidemia and HIV-1 infection. Pharmacotherapy for HIV-1 infection must be monitored closely
for its impact on patients’ metabolic and cardiovascular systems, and necessary modifications made while monitoring
and maintaining the stability of the viral load.

Conclusions: The metabolic effects of combination therapies for HIV infection, including PIs, ritonavir-boosted PIs,
NRTIs, and NNRTIs, appear to increase the risk for insulin resistance, type 2 DM, and poor cardiovascular disease
outcomes. Because of differences in the pharmacokinetic properties between statins and PIs, it is critical for clinicians
to properly manage combination antiretroviral therapy, as well as pharmacotherapy for DM and dyslipidemia, when
managing patients with HIV-1 infection and insulin resistance. Clinicians must consider the stage of HIV disease and
the demographic characteristics of patients with these comorbid diseases, both of which require careful attention to
medical management, pharmacotherapy, and patient adherence to treatment recommendations. (Insulin. 2010;5:37-45)
© 2010 Excerpta Medica Inc.
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INTRODUCTION

Abnormal glucose homeostasis and metabolic disturbances
associated with HIV-1 infection include lactic acidosis, re-
duced bone mineral density, hypertriglyceridemia, hyper-
cholesterolemia, abnormal fat distribution (also known as
lipodystrophy), and abnormal carbohydrate metabolism.!
These conditions became increasingly common among peo-
ple with HIV-1 infection after the widespread introduction
and subsequent use of potent antiretroviral therapy, such
as highly active antiretroviral therapy (HAART).? The in-
troduction of HAART has changed the natural history of
HIV-1 infection and led to marked reductions in morbidity
and mortality. However, mounting evidence suggests an
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association between HAART and increased metabolic and
cardiovascular risk, including risk for type 2 diabetes melli-
tus (DM).

Today, estimates of the proportion of patients treated
with protease inhibitors (PIs) who develop insulin resistance
may be as high as 80%%* compared with ~2% before the
advent of HAART.5® Relatively recent prospective data from
long-term studies of HIV-1-infected patients provide further
evidence of an increased risk for metabolic complications.”®
These studies also suggest an even more complex interac-
tion among the risk factors of family history, body composi-
tion, comorbidity with hepatitis C virus (HCV), HIV treat-
ment modality, and disease progression.”?

1557-0843/% - see front matter
© 2010 Excerpta Medica Inc. All rights reserved.



Insulin

The purpose of this article was to describe the impact of
these contributing risk factors for type 2 DM among patients
with HIV-1 infection and the treatment options available for
these patients.

METHODS

The Ovid MEDLINE database was searched for English lan-
guage articles published between January 2005 and June
2009. Various search strategies were applied to identify
appropriate articles. The references listed in the retrieved
documents were searched for additional articles. Nonhuman
studies were excluded.

RESULTS
Risk Factors for Type 2 DM Among HIV-1-Infected Patients
Family History

Although linked in some small-scale studies,”” the extent
to which family history may be associated with new cases of
type 2 DM among individuals with HIV-1 infection is equiv-
ocal. For example, in a study of 150 HIV-infected patients
(50 cases and 100 controls) receiving combination antiretro-
viral therapy in Taiwan,’ incident DM was associated with
family history (P = 0.02), exposure to zidovudine? (P = 0.115),
and current use of PIs (P = 0.03). Cases were defined as HIV-
infected patients aged >15 years with new-onset DM diag-
nosed on the basis of >2 separate fasting blood glucose (FBG)
levels >126 mg/dL during follow-up. Patients were excluded
from the study if they had prevalent DM at the time of
recruitment to the cohort, or if hyperglycemia was evident
with coexisting pancreatitis, or concomitant use of steroids
or total parenteral nutrition. A case-control study of 147 par-
ticipants at an urban HIV clinic,” in which 2 controls (n = 98)
were matched to each case of incident DM (n = 49), found
that increased body mass index (BMI) (P = 0.012), family
history (P = 0.014), and the presence of alanine aminotrans-
ferase (P = 0.012) were associated with type 2 DM.

On the other hand, a family history of type 2 DM was not
associated with the incidence of DM among women partici-
pating in the Women'’s Interagency HIV Study (WIHS).!? This
large, prospective, observational study enrolled 3766 women
from 6 US cities (Bronx, Brooklyn, Chicago, Los Angeles, San
Francisco, and Washington, DC) during the periods 1994 to
1995 and 2001 to 2002. In a substudy of 2088 participants
who did not have evidence of DM at enrollment (1524 with
HIV and 564 without HIV), family history was not associ-
ated with incident DM (P = 0.289). Incident DM was defined
as having an FBG level 2126 mg/dL, reported use of antidi-
abetes medication, or a documented diagnosis of DM with
subsequent confirmation based on the patient’s FBG level or
documented use of antidiabetes medication.

A second large, prospective, observational study—the
Multicenter AIDS Cohort Study (MACS)"—also did not
provide evidence for an association between family history
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of DM and incident DM among individuals infected with
HIV-1. The MACS enrolled 5622 homosexual and bisexual
HIV-seronegative and HIV-infected men, with heteroge-
neous exposure to antiretroviral therapies between 1984 and
1991. Participants were followed through semiannual study
visits at sites located in Pittsburgh, Baltimore, Chicago, and
Los Angeles. Study data included basic demographic char-
acteristics, results of a focused physical examination, detailed
clinical data (from which participants could be classified as
having generalized lymphadenopathy and self-identified
AlDS-related clinical signs or symptoms of specific sexually
transmitted diseases >6 months before study entry), and
sexual histories. The HIV status of each participant was
unknown at baseline. Of the 5622 participants enrolled in
the MACS, 1278 had >1 blood specimen drawn between
April 1, 1999, and March 31, 2003, from which fasting
(=8 hours) serum concentrations were determined. After
adjusting for family history of DM in a reanalysis of the
MACS data,!? the ratio of HIV-infected men receiving
HAART compared with men without HIV decreased 5%,
from 4.1 (95% CI, 1.85-9.16) to 3.9 (95% CI, 1.75-8.72).

Body Composition

Intra-abdominal adiposity and peripheral fat depletion
are morphologic phenomena that occur in lipodystrophy
and lipoatrophy. Both lipodystrophy and lipoatrophy have
been found in the majority of HIV-1-infected patients receiv-
ing antiretroviral therapy.!® These abnormalities in body
composition have been reported in 40% to 50% of HIV-1-
infected patients who were followed in an ambulatory
setting.!*1® Reported prevalence rates of body fat redistribu-
tion varied widely, from 11% to 83%; the prevalence of lipo-
atrophy may be even higher.”

Cumulative exposure to nucleoside reverse transcriptase
inhibitors (NRTIs), along with current use of thymidine ana-
logues, particularly stavudine,® has been implicated in these
metabolic abnormalities.'®?! Fat redistribution through these
syndromes is likely to contribute to altered secretion of adipo-
kines, promotion of insulin resistance, and the cluster of cardio-
metabolic risk factors associated with metabolic syndrome,
including obesity, impaired fasting glucose (IFG), hyperten-
sion, low levels of high-density lipoprotein cholesterol (HDL-C),
and elevated triglyceride levels.”? Both metabolic syndrome
and insulin resistance are factors in the development of type 2
DM and cardiovascular disease (CVD).%

Insulin resistance is characterized by the body’s inability
to respond to and use the insulin that it produces from pan-
creatic B-cells. The risk of insulin resistance and diabetes in
HIV-infected patients receiving antiretroviral therapy stems
from the same environmental risk factors that are responsi-
ble for the increased incidence of these conditions in the
general population, and from the metabolic impact associ-
ated with antiretroviral therapy.?* Insulin is essential for
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delivering glucose to skeletal muscle and the liver for energy.
The transition from normal glucose tolerance to impaired
glucose tolerance (IGT) occurs when the imbalance from
insufficient amounts of insulin are available to deliver glu-
cose to skeletal muscle and the liver, along with decreased
uptake of glucose by skeletal muscle, results in higher con-
centrations of glucose in the bloodstream. The determina-
tion of IGT is based on the patient’s fasting (no caloric intake
for >8 hours) plasma glucose (FPG) level. An oral glucose
tolerance test (OGTT) is performed using a glucose load
containing the equivalent of 75 g anhydrous glucose dis-
solved in water?’ The criterion for IGT is an FPG level
>126 mg/dL, or a 2-hour postload plasma glucose level
>200 mg/dL during an OGTT.2

HCV Infection

Chronic infection with HCV has been linked to a greater
prevalence of type 2 DM, insulin resistance, and dyslipi-
demia in non-HIV-infected populations.?”’?8 It is estimated
that the coinfection rate of HIV and HCV is 30%.2%3 Persons
coinfected with HIV-1 and HCV may have higher incidences
of insulin resistance and lipodystrophy associated with the
use of antiretroviral therapy than persons infected with
HIV-1 but not HCV.3! Consequently, strong evidence sug-
gests that HCV infection and antiretroviral drugs are con-
tributors to insulin resistance among HIV-1-infected
individuals.3>3® Coinfection with HCV has not consistently
been found to be a risk factor for incident DM. In a study
previously described,” no statistical association between
incident DM and coinfection with HCV was identified (P =
0.066), although coinfection was more common in case
patients than in controls.

Coinfection may have synergistic effects on glucose and
lipid metabolism in the liver of HIV-1-infected individuals.3*
Although HIV and HCV have been linked to metabolic syn-
drome, they demonstrate similar pathophysiologic path-
ways. The same risk factors for metabolic syndrome (older
age, high BMI, and insulin resistance) are also associated
with hepatic and metabolic dysfunction, leading to steatosis
with steatohepatitis and other complications. Accumulation
of visceral adipose tissue is thought to increase free fatty acid
influx to the liver. In addition, visceral adipose tissue is likely
to secrete cytokines and adipokines that act on the liver.3*

HIV Treatment Modality

Evidence linking treatments for patients with HIV-1
infection and metabolic complications has been reported
since the early days of HIV treatment. A subset of patients
who received pentamidinec (by inhalation or intravenously)
for the treatment and prevention of Pneumocystis jiroveci
pneumonia (previously called Preumocystis carinii pneumo-
nia) was found to have B-cell toxicity with symptoms of
acute hypoglycemia. A small group of these patients pro-
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gressed to hyperglycemia with low C-peptide levels, sug-
gesting significant B-cell destruction.®7

More recently, evidence from 3 large, prospective, obser-
vational studies—the Data Collection on Adverse Events of
Anti-HIV Drugs (D:A:D) study,®° the MACS, 124142 and
the WIHS!'"— provided new insights into potential associa-
tions between HIV therapy and incident DM. The D:A:D
study investigated the risk of myocardial infarction (MI) in
33,347 HIV-infected participants.33%434* Incident DM was a
secondary study end point. Patients were enrolled in 1 of
11 cohorts from December 1999 to April 2001 and followed up
with visits to outpatient clinics scheduled as part of regular
care until January 2005.# All eligible patients were under
active follow-up at the time of initiation, irrespective of anti-
retroviral treatment status. Data were collected on HIV
infection, risk factors for MI, and the incidence of MI. In
these patients, representing >130,151 patient-years of
follow-up (PYFU), DM was diagnosed in 744 patients, with
an incidence of 5.72 per 1000 PYFU. The incidence of DM
increased with cumulative exposure to combination anti-
retroviral therapy. Compared with patients who were not
exposed to the nucleoside analogues stavudine, zidovu-
dine, and didanosine 4 patients who were exposed had an in-
creased incidence of DM: stavudine (relative risk [RR] =
1.13; P = 0.001), zidovudine (RR = 1.05; P = 0.01), and
didanosine (RR = 1.06; P = 0.02). Conversely, patients who
were exposed to ritonavir® (RR = 0.94; P = 0.01) and nevi-
rapinef (RR = 0.89; P = 0.001) experienced a reduced risk.*’

In the MACS,*! after adjusting for age and BMI, 14% of
the HIV-infected men using HAART at the index visit had
prevalent type 2 DM compared with 5% of the HIV-
seronegative men. The rate of incident type 2 DM was
4.7 cases per 100 person-years among HIV-infected men
using HAART compared with 1.4 cases per 100 person-years
among HIV-seronegative men during the 4-year observation
period, suggesting that the incidence of type 2 DM in HIV-
infected men exposed to HAART was >4 times that in HIV-
seronegative men. The WIHS* also revealed 2.8 cases of
incident type 2 DM per 100 person-years during a 2.9-year
follow-up period, or 3% of patients.

HIV Disease Progression

The stage of HIV disease and rate of viral replication
were found to directly influence lipid values and glucose
homeostasis in the absence of antiretroviral therapy.”
Inflammation (elevated proinflammatory markers, includ-
ing C-reactive protein, tumor necrosis factor-o, interleukin-6,
and low levels of adiponectin) is known to contribute to the
progression of insulin resistance and type 2 DM. A similar
profile has been reported for patients treated for HIV-1 infec-
tion.* Increased noninsulin-mediated glucose uptake among

dTrademark: Videx® (Bristol-Myers Squibb Company, Princeton, New
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patients with HIV-1 infection is explained by increased non-
oxidative glucose disposal.** Advanced HIV disease is asso-
ciated with lower HDL-C and low-density lipoprotein
cholesterol levels and higher very-low-density lipoprotein
cholesterol and triglyceride levels.®

Treatment
Managing HIV-1 Infection

Great strides have been made in the treatment of HIV-1
infection, due in large part to the contributions of HAART
(any potent combination of agents that can reduce the plasma
HIV level to less than the level that can be detected by
assay).”® HAART is known to alter the condition from one
with a high mortality rate to one with long-term survival
with appropriate pharmacotherapy managed by clinicians,
along with patient self-management, with particular empha-
sis on medication adherence and stress reduction. Never-
theless, pharmacotherapy for HIV-1 infection must be
monitored closely for impact on other systems and modified
as needed to reduce cardiovascular, hepatic, and renal risks
as significant comorbidities, while maintaining the stability
of the viral load. Based on a number of publications in the
peer-reviewed medical literature,>-5 the US Department of
Health and Human Services (DHHS) Panel on Antiretroviral
Guidelines for Adults and Adolescents” suggests that better
medical outcomes are achieved when individuals infected
with HIV-1 are treated in the outpatient setting by a clinician
with expertise in HIV infection.

Treatment for HIV-1 infection should incorporate current
recommendations by the DHHS panel®” and the International
AIDS Society-USA panel,® while also taking into consider-
ation the patient’s risk profile for abnormal glucose metabo-
lism. Both the DHHS panel and the AIDS Society—USA panel
recommend initiating therapy with 2 NRTIs, plus a non-
nucleoside reverse transcriptase inhibitor (NNRTI) or a PI
(boosted with ritonavir or unboosted). The selection of nevi-
rapine or abacavir® as an initiation regimen should take into
consideration factors such as comorbid conditions, potential
adverse drug effects, potential drug interactions with other
medications, pregnancy or the potential for pregnancy,
results of genotypic drug-resistance testing, gender, patient
adherence potential, and convenience of use.”’

The preferred NRTI combination recommended by the
DHHS panel” is tenofovir/emtricitabine." Alternative dual
NRTI combinations are: abacavir/lamivudine’; didanosine with
lamivudine or emtricitabinej; and zidovudine/lamivudine X

9Trademark: Ziagen® (GlaxoSmithKline, Research Triangle Park,
North Carolina).
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The preferred NNRTI is efavirenz,! except during the first
trimester of pregnancy or in women with a high potential
for pregnancy. The alternative NNRTT is nevirapine.

The DHHS panel® recommends specific ritonavir-boosted
(r) PIs or unboosted PIs when initiating treatment for HIV-1
infection. The preferred PIs include: atazanavir/r™ once
daily (AI); darunavir/r™ once daily (Al); fosamprenavir/r°
twice daily (BI); and lopinavir/ritonavir (coformulated)P
once or twice daily (AI).

Alternative PIs include: unboosted atazanavir once daily;
unboosted fosamprenavir twice daily; fosamprenavir/r
once daily; and saquinavir/r twice daily.

In cases in which tenofovird or efavirenz is used with
atazanavir, ritonavir 100 mg/d must also be given. The
reader is referred to a more thorough description of the
DHHS guidelines, which are updated whenever relevant.>

The AIDS Society—USA panel® recommends use of the
NRTI combinations tenofovir/emtricitabine or abacavir/
lamivudine, plus either the NNRTT efavirenz or a ritonavir-
boosted PI. However, efavirenz is associated with lipoatrophy
when given with thymidine analogue reverse transcriptase
inhibitors; the ritonavir-boosted PIs lopinavir and fosampre-
navir are associated with hyperlipidemia, including hyper-
triglyceridemia.® For patients with a high-risk profile for
metabolic disorders, the ritonavir-boosted PIs atazanavir,
darunavir, and saquinavir have not been associated with
abnormal glucose homeostasis, although these agents have
disadvantages that must be considered, including occasional
nephrolithiasis, reduced effectiveness when combined with
proton pump inhibitors (atazanavir), rash (darunavir), high
pill burden (saquinavir), and increased bioavailability of
certain statins used concomitantly (eg, saquinavir).5¢0
Alternatively, substitution of the PI component of the regi-
men with an NNRTI (nevirapine®! or efavirenz®?) or the
NRTI abacavir® has been associated with short-term im-
provements in insulin resistance and may be considered for
patients at risk for DM.2

Managing Type 2 DM in Patients With HIV-1 Infection
Fat redistribution in the form of lipoatrophy and lipo-
dystrophy, common syndromes among patients with HIV-1
infection, is associated with insulin resistance and metabolic
disorders,?0% including IFG, DM, hypertriglyceridemia, and
reduced levels of HDL-C.# Patients without DM but with a
high-risk profile based on the presence of >1 of 3 factors (ie,
type 2 DM in a first- or second-degree relative; belonging to
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a certain race/ethnic group, such as Native American, African
American, Hispanic American, Asian/South Pacific Islander;
or signs of insulin resistance or conditions associated with
insulin resistance®®) or manifesting fat redistribution should
be tested for IFG using an OGTT and considered for treat-
ment according to current American Diabetes Association
(ADA) recommendations®® to prevent DM and poor cardio-
vascular outcomes.

All patients with IGT should be counseled to reduce their
risk for poor cardiovascular outcomes through lifestyle
modifications such as increased physical activity and a low-
fat, high-fiber diet. Although there is insufficient evidence to
support targeted exercise and dietary interventions for
patients with HIV-1 infection,®®®” no evidence to the contrary
has been found. Therefore, as in non-HIV-infected patients,
lifestyle interventions should be recommended for this
patient population.?® Increased physical activity and nutri-
tional counseling may be helpful for HIV-1-infected patients
by supporting decreased body fat without loss of muscle
tissue, thereby potentially reducing the risk of poor cardio-
vascular outcomes.

Optimal pharmacotherapy for insulin resistance and IGT
in patients with HIV-1 infection is not adequately under-
stood.®® However, appropriate pharmacotherapy should be
initiated for DM when clinically relevant treatment out-
comes are not achieved with diet and exercise alone. Generally
speaking, antidiabetes drugs should be started at the lowest
dose and patients should be treated to control®*”! by gradu-
ally titrating the dose upward until targets are reached or
adverse effects develop.?® Sulfonylureas are typically a first
step in the pharmacologic treatment of DM; however, unlike
insulin secretagogues and insulin, sulfonylureas may cause
hypoglycemia.? In light of early observations linking pent-
amidine treatment to hypoglycemia,® care should be taken
when considering use of sulfonylureas in combination treat-
ment for Pneumocystis jiroveci pneumonia.

The ADA recommends that an insulin-sensitizing agent
such as metformin be considered for patients at very high
risk for developing DM (combined IFG and IGT, plus other
risk factors such as a glycosylated hemoglobin level >6.0%,
hypertension, low HDL-C level, elevated triglyceride levels,
or DM in a first-degree relative) who are obese and <60 years
of age.?®

Insulin-sensitizing agents include the biguanide met-
formin and the thiazolidinediones (TZDs) rosiglitazone’ and
pioglitazone.® A third TZD, troglitazone,t approved in 1997,
was withdrawn from the market in 2000 because of hepato-
toxicity and liver failure. Although the molecular mode of
action is not clear,”” metformin enhances insulin sensitivity,
reduces hepatic glucose production,”® and elicits direct
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effects on insulin action in skeletal muscle.”? HIV-1-infected
patients with type 2 DM who were treated with metformin!374
had significant reductions in mean fasting insulin (P = 0.01)
at 120 minutes after treatment compared with patients who
received placebo. Patients who received metformin had sig-
nificant reductions in weight (P = 0.005) and diastolic blood
pressure (P = 0.009) after 3 months compared with patients
who received placebo. Furthermore, patients who received
metformin had decreased visceral adipose tissue 3 months
after starting treatment compared with patients who received
placebo.’®”* The metformin-treated patients also experienced
reductions in their diastolic blood pressure and their risk of
CvVD.13

Rosiglitazone was found to improve both glucose control
(by enhancing peripheral insulin sensitivity) and fatty acid
metabolism.”>7>77 Rosiglitazone also was associated with
positive effects on lipoatrophy, insulin sensitivity, and meta-
bolic indices, including adiponectin levels in HIV-1-infected
patients with lipoatrophy and insulin resistance, compared
with placebo.”® The weight-reducing properties of rosiglita-
zone in HIV-1-infected patients appears to contradict the
modest weight gain experienced by non-HIV-infected
patients exposed to TZD therapy, suggesting the need for
further study.®® On the other hand, rosiglitazone appears to
be associated with increased cholesterol levels in this patient
population.”®

No contraindications to the use of insulin in this patient
population were found in the published medical literature.
However, insulin use requires that patients or their caregivers
have good visual and motor skills and cognitive ability.2®

Managing Dyslipidemia in Patients With HIV-1 Infection

HIV-1 infection has been associated with dyslipidemia,
both as a consequence of the infection itself*? and as an effect
of pharmacologic treatment.” Dyslipidemia, as a metabolic
disorder and risk factor for CVD, must be treated aggres-
sively in patients with or without HIV infection to manage
and prevent CVD.

Nonpharmacologic therapies such as dietary interven-
tions should be recommended when managing dyslipi-
demia in HIV-1-infected patients with type 2 DM. Although
no dietary studies that address dyslipidemia among HIV-
1-infected patients have been published, it may be prudent
to recommend diets high in omega-3 essential fatty acids,
monounsaturated fats, and polyunsaturated fats because
these substances have been shown to benefit some non-HIV-
infected patients with hypertriglyceridemia.®” It is important
to ensure that patients with HIV-1 infection and hypercho-
lesterolemia who are on a low-fat diet also receive nutri-
tional counseling to avoid unnecessary weight and muscle
loss. Other lifestyle interventions that should be considered
in cases of elevated serum triglyceride levels include in-
creased physical activity to build muscle and decreased
alcohol consumption.

Pharmacologic therapy is required when patients do not
achieve treatment goals for serum lipid levels through diet
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and exercise. Although various doses of atorvastatin* (5, 20,
and 80 mg) have been associated with lower serum trigly-
ceride levels (-26.5%, —32.4%, and —45.8%, respectively)
compared with placebo (-8.9%)% and higher doses of simva-
statin (40 and 80 mg) have been associated with a reduction
of >26% in serum triglyceride levels, 8182 this class of drugs
competes for the same enzyme system in the liver in the
presence of the Pls ritonavir and saquinavir.®*3 The bio-
availability of atorvastatin and simvastatin appears to be
strongly increased (by 343% and 267%, respectively) in the
presence of ritonavir and saquinavir. Conversely, the bio-
availability of pravastatin was decreased by ~50% in the
presence of ritonavir and saquinavir, suggesting that statins
may not be ideal for concomitant use with PIs. However,
when use of a statin is necessary, the choice of statin should
take into consideration the efficacy of the agent and the pre-
dicted magnitude of interaction. Furthermore, it is impor-
tant to remember that concomitant use of these 2 drug
classes requires regular liver function testing and that the
typical HIV-infected patient is using multiple medications,
each of which may alter the pharmacokinetic properties of a
statin.®

Fibric acid derivatives may be the best class of medica-
tions for treating hypertriglyceridemia and low HDL-C lev-
els, the primary conditions associated with lipodystrophy,3*
because they have been shown to reduce serum triglyceride
levels by up to 55%.%5 Agents in this drug class (eg, clofi-
brate, fenofibrate,¥ gemfibrozil) apparently do not interact
with antiretroviral medications.®® The use of fibric acid
derivatives with statins has been associated with an increased
risk of myotoxicity; however, the literature search revealed
no reports of rhabdomyolysis among HIV-1-infected patients
treated with diet and exercise, gemfibrozil, atorvastatin, or
gemfibrozil plus atorvastatin.® Use of these agents may be
the safest means by which to lower serum triglyceride lev-
els, but care must be taken to monitor patients receiving this
treatment for gastrointestinal adverse effects.? Diet and
exercise remain the first line of treatment for lowering tri-
glyceride levels while not introducing the adverse effects
associated with pharmacotherapy.

Niacins and resins are not recommended for the treat-
ment of hyperlipidemia in HIV-infected patients. Adverse
effects of these agents include flushing, hepatotoxicity,
hyperglycemia, and gastrointestinal problems that reduce
their effectiveness.®® A more thorough explanation of drug
interactions and toxicity is beyond the scope of this review.

“Trademark: Lipitor® (Parke-Davis, division of Pfizer Inc, New York,
New York).
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The reader is referred to the references for a more thorough
discussion of these important aspects of effective medical
management of HIV-1-infected patients in whom metabolic
complications such as dyslipidemia may also be present.

CONCLUSIONS

The long-term prognosis for patients with HIV-1 infection
has improved significantly with the use of combination anti-
retroviral therapy, including PIs, ritonavir-boosted PlIs,
NRTIs, and NNRTIs. However, the metabolic effects of these
combination therapies, along with fat redistribution, which
is common among patients with HIV-1 infection, increase
the risk for insulin resistance, type 2 DM, and poor CVD
outcomes. This new risk for people infected with HIV-1
accompanies increased survival, causing clinicians to shift
their focus to the chronic care of HIV-1 infection, incorporat-
ing traditional medical risk factors such as type 2 DM and
CVD into the medical management of these patients. PIs and
NRTIs appear to represent 2 HIV drug classes with a patho-
genic role in insulin resistance and, subsequently, DM.
However, other risk factors for coexisting type 2 DM in this
patient population include body composition and comor-
bidities (eg, HCV). Family history as a risk factor for type 2
DM remains equivocal at this time; however, clinical pru-
dence suggests that a family history of DM should be con-
sidered when managing patients with HIV-1 infection.
Furthermore, the progression and stage of HIV disease
directly affect lipid values and glucose homeostasis. Medical
evidence provides clinical guidance when treating HIV-1-
infected patients for insulin resistance and type 2 DM using
insulin-sensitizing agents (eg, metformin, TZDs) and for
treating dyslipidemia with statins (eg, atorvastatin, simva-
statin, pravastatin). However, no published evidence is
available to provide clinical guidance when comanaging
HIV-1 and type 2 DM using insulin. Because of the differ-
ences in pharmacokinetic properties between the statins and
PIs, it is critical for clinicians who manage patients with
HIV-1 infection and insulin resistance to properly manage
both combination antiretroviral therapy and the pharmaco-
therapy for DM and dyslipidemia, taking into consideration
the stage of HIV disease and the demographic characteris-
tics of the patient.
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