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Diabetes mellitus (DM) is a common condition with significant associated morbidity and mortality. DM diag-
nosis and management among human immunodeficiency virus (HIV)-infected patients is a particularly rele-
vant topic as the HIV-infected population ages and more HIV-infected individuals live with chronic medical
comorbidities. Although there is mixed evidence regarding HIV as an independent risk factor for DM, multiple
factors related to HIV and its treatment are associated with DM. This review covers the epidemiology of DM in
HIV-infected patients, and diagnosis, management, and treatment goals for DM in HIV-infected patients. We
highlight the most recent DM treatment guidelines from the American Diabetes Association and the European
Association for the Study of Diabetes, emphasizing individualization of DM medication therapy and treatment
goals. Finally, we review a comprehensive approach to cardiovascular disease risk reduction in HIV-infected
patients with DM and measures to prevent other complications of DM.
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Diabetes mellitus (DM) is a common condition, affect-
ing 8.5% of the US population [1], with DM preval-
ence estimates in human immunodeficiency virus
(HIV)-infected patients of up to 14% [2]. DM is
a leading cause of cardiovascular disease (CVD),
blindness, end-stage renal disease, amputations, and
hospitalizations.

The goals of this review are to update clinicians on
the diagnosis and management of DM in HIV-infected
patients, with detailed discussion of treatment goals and
CVD risk reduction. Although themanagement ofDM in
HIV-infected patients follows the same general guide-
lines as in HIV-uninfected patients, there are specific
considerations with respect to the use of hemoglobin
A1c (HbA1c) testing in HIV-infected individuals and

the interactions of particular medications with antiretro-
viral therapy (ART).

EPIDEMIOLOGY OF DM IN HIV-INFECTED
PATIENTS

The prevalence of DM in HIV-infected patients has
been reported to range from 2% to 14% and varies by
the composition of the cohort studied, how DM diagno-
sis is ascertained, and how DM risk factors are account-
ed for in the analysis [2–5].There is conflicting evidence
on whether HIV infection is an independent risk factor
for DM, with some studies showing increased risk [2, 6,
7] and others showing no independent effect of HIV on
DM or showing an inverse effect [4, 8, 9].

Despite the conflicting evidence on the independent
role of HIV in DM, certain factors are clearly associated
with DM, including increasing age, obesity, and gene-
tic factors. Other factors influence DM incidence in
the general population but are more common in HIV-
infected patients: hepatitis C virus infection [10], use
of certain medications (atypical antipsychotics, cortico-
steroids), opiate use, and low testosterone [11]. Further-
more, ART-associated lipoatrophy [4] and visceral fat
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accumulation/lipohypertrophy [3, 12] and HIV-related inflam-
mation (increased proinflammatory cytokines and/or free fatty
acids) [13, 14] are DM risk factors in HIV-infected patients. For
additional information regarding etiology of DM inHIV-infected
patients, readers are referred to a comprehensive article [15].

EFFECTS OF SPECIFIC MEDICATIONS ON DM
RISK

Antiretroviral Therapy
Preclinical studies demonstrate that protease inhibitors (PIs) in-
crease insulin resistance through effects on the GLUT-4 trans-
porter and decrease insulin secretion through effects on β-cell
function, but the clinical impact of these changes is unclear
[16]. It is clear, however, that exposure to certain first-genera-
tion ART agents, such as stavudine and indinavir, is strongly as-
sociated with developing DM. Use of these agents peaked in
1997–1998 and decreased through 2007–2009. Reflecting this,
one study revealed DM incidence peaking in 1999–2000 at
23.2 per 1000 person-years of follow-up (PYFU) and decreasing
thereafter to the current level of 5 per 1000 PYFU [17]. A head-
to-head comparison of currently prescribed ART regimens
revealed that efavirenz increased glucose to a greater degree than
atazanavir, although the difference was small (about 4 mg/dL)
[18], and the overall effect of current ART on glucose metabolism
is modest in most patients.

Statins
Statins are commonly used in HIV-infected patients and can in-
crease insulin resistance and DM [19], although results in stud-
ies of HIV-infected patients have been mixed [20–22].Given the
cardiovascular (CV) event reduction benefit from statins, in-
creases in insulin resistance/DM likely do not outweigh the ben-
efit of statin therapy in the general population or in HIV-
infected patients [23, 24].

DIABETES DIAGNOSIS

Diabetes and Prediabetes Definitions
Table 1 shows the current American Diabetes Association
(ADA) definitions of DM and prediabetes [25].

Use of HbA1c in HIV-Infected Patients
HbA1c is the percentage of glycated hemoglobin and reflects
long-term glucose status. In conditions associated with short-
ened red blood cell lifespan, such as hemolytic anemia and
pregnancy, only fasting plasma glucose (FPG) or oral glucose
tolerance testing should be used to diagnose DM [25, 26].
Data are accumulating that HbA1c may underestimate glycemia
inHIV-infected individuals. Although the degree of discordance
has varied, higher mean corpuscular volume, nucleoside reverse
transcriptase inhibitor use (specifically abacavir), and lower
CD4 count have been associated with discordance [27–31].

Testing Recommendations
In view of the possible discordance between HbA1c and glycemic
control, we believe it would be prudent to use FPG for the diag-
nosis of DM, particularly in patients who have risk factors for
HbA1c inaccuracy [32].We agree with the Department of Health
and Human Services guidelines that FPG testing should be per-
formed every 6–12 months in all HIV-infected patients and clini-
cians should consider testing 1–3 months after starting ART [33].

PREVENTING DIABETES

Although a detailed review of DM prevention is beyond the scope
of this article, readers are referred to the Standards ofMedical Care
in Diabetes for DM prevention guidelines (page S20; available
at: http://care.diabetesjournals.org/content/37/Supplement_1/S14.
extract). Practical implementation of these guidelines may
be achieved through community-based options, such as the
evidence-based Young Men’s Christian Association DM preven-
tion program (Available at: http://www.ymca.net/diabetes-
prevention/).

DIABETES MANAGEMENT

New Guidelines Focused on Individual Management
The current guidelines for DM management released by the
ADA and the European Association for the Study of Diabetes in
2012 emphasize a patient-centered approach in which recom-
mendations are “based on the needs, preferences, and tolerances

Table 1. Definitions of Prediabetes and Diabetesa

Hemoglobin A1cb Fasting Plasma Glucose Random Plasma Glucose Oral Glucose Tolerance Test

Diabetes ≥6.5% ≥126 mg/dL (≥7.0 mmol/L) ≥200 mg/dL (≥11.1 mmol/L)
with polyuria and polydipsia

≥200 mg/dL (≥11.1 mmol/L)

Prediabetes 5.7%–6.4% 100–125 mg/dL (5.6–6.9 mmol/L) . . . 140–199 mg/dL (7.8–11.1 mmol/L)

Normal <5.7% ≤99 mg/dL (≤5.5 mmol/L) . . . ≤139 mg/dL (≤7.7 mmol/L)

a All laboratory values should be confirmed with repeat testing.
b Hemoglobin A1c may be inaccurate in the setting of human immunodeficiency virus, so it is not recommended by these authors for diabetes diagnosis.
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of each patient” [34]. Because there is a dearth of head-to-head
trials of second-line DM medications, management decisions
depend on both the preferences of the patient and the desired
clinical outcomes.

Initial Management
Lifestyle modification can have a meaningful impact on glucose
control and the course of DM. Referral to a registered dietician
for medical nutrition therapy is recommended for all patients
with DM [25], as even modest weight loss (as little as 2 kg)
can have an impact on glycemic control [35, 36]. Additionally,
moderate-intensity aerobic physical activity is recommended
for adults with DM [25].

Switching Art Regimens
Switching ART regimens should be considered if a patient is on
lopinavir/ritonavir or a thymidine analogue (zidovudine, stavu-
dine) [37]; however, switching other medications is of uncertain
benefit.

Diet Recommendations
The American Heart Association (AHA)/American College of
Cardiology (ACC)/The Obesity Society guidelines for manage-
ment of overweight and obesity in adults recommend a re-
duced-calorie intake diet as part of a comprehensive lifestyle
modification intervention [38]. Calorie guidelines for weight loss
are (1) 1200–1500 calories/day for women or 1500–1800 calories/
day for men; (2) an energy deficit of 500 or 750 calories per day,
based on the individual; or (3) an evidence-based diet that restricts
a certain food type (eg, high-carbohydrate foods) to create
an energy deficit. Dietary recommendations for patients with
DM include monitoring carbohydrate intake, limiting con-
sumption of sugar-sweetened beverages, and following a Med-
iterranean-style diet [25]. A patient-friendly diet guide is
available at (http://www.diabetes.org/food-and-fitness/food/
what-can-i-eat/)

Exercise Recommendations
Aerobic exercise is recommended for at least 150 minutes a
week, spread out over at least 3 days per week, along with
strength training twice a week. Clinicians can recommend sev-
eral strategies to increase physical activity among their patients
[39–43]: an exercise partner, use of a pedometer with a target
(eg, 10 000 steps/day), or individualized counseling with exer-
cise prescription. Linking patients with community- or work-
place-based programs may increase exercise uptake.

Medication Therapy
If glucose control is not optimized with lifestyle modification
alone, medication therapy should be initiated. Table 2 provides
a summary of DM medications highlighting special consider-
ations in HIV-infected patients.

Metformin
The first-line medication for DM is metformin. Advantages to
metformin include an average 1% decline in HbA1c, a long
track record of safety and efficacy data, no hypoglycemia when
given alone, no weight gain, and low cost (generic). Additionally,
there may be an independent CVD risk reduction benefit to met-
formin [44]. Disadvantages include gastrointestinal side effects,
particularly nausea and diarrhea, which can be minimized by
prescribing a low dose and titrating up. Another rare side effect
is lactic acidosis. The contraindications to metformin reflect the
associated increased risk of lactic acidosis: chronic kidney disease
with creatinine >1.4 mg/dL in women and >1.5 mg/dL in men,
hypoxia, decompensated liver disease, severe congestive heart
failure (CHF), alcohol abuse, and past history of lactic acidosis
(unless there is a remote history specifically related to stavudine
or didanosine without recurrence). Special caution should be
used whenmetformin is coadministered with dolutegravir, as do-
lutegravir increases metformin concentration [45].

Second-line Treatments
After lifestyle modification and metformin, if a patient is still
not at goal, there are multiple treatment options.

Sulfonylureas
Sulfonylureas (eg, glipizide and glyburide) act by stimulating in-
sulin release from pancreatic β-cells. Advantages of sulfonyl-
ureas include a 1% HbA1c decrease, a long track record of
safety and efficacy data, proven decreases in microvascular
events, and relatively low cost (generic). Disadvantages include
weight gain (2–4 kg), hypoglycemia due to the mechanism of
action, and high failure rate (ie, a short time of control on sul-
fonylurea before additional therapy is required).

Thiazolidinediones
The thiazolidinediones (rosiglitazone and pioglitazone) work
by improving target cell response to insulin, thereby lowering
glucose. The advantages of thiazolidinedione treatment are a
1% HbA1c decrease and no hypoglycemia. There is a potential
independent CVD risk reduction benefit of pioglitazone [46],
and pioglitazone raises high-density lipoprotein, lowers triglyc-
erides, and decreases liver fat [47]. There is a low failure rate of
thiazolidinediones compared with sulfonylureas, and a modest
beneficial effect on lipoatrophy may be achieved [48].Disadvan-
tages include high cost (no generic formulation available),
weight gain, fluid retention, and worsening CHF (including in
patients with diastolic dysfunction), macular edema, osteoporo-
sis/fracture, and possibly increased risk of bladder cancer [49,
50]. Sales of rosiglitazone were previously restricted due to con-
cern for increased cardiovascular events, however, after US
Food and Drug Administration review, the restrictions were re-
moved in mid-2013.
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Insulin
Insulin is the preferred second-line medication for patients
with HbA1c ≥8.5%. The major advantage of insulin is that
it can produce major (ie, unlimited) reductions in HbA1c.
However, insulin can cause hypoglycemia, it is associated
with weight gain, and the insulin analogues (eg, glargine or
detemir insulin) are costly. Recently, concern was raised for
mitogenic effects of long-acting insulin due to binding with
the insulin-like growth factor 1 receptor. However, several
large studies showed no effect of long-acting insulin on cancer
incidence [51].

Starting Insulin
Insulin therapy can be initiated with bedtime insulin glargine,
insulin detemir, or insulin Neutral Protamine Hagedorn at
a dose of 10–15 units, with a dose increase of 2–3 units every
3 days until the fasting glucose is <120 mg/dL (6.7 mmol/L)
[52]. Adding prandial short-acting insulin (now available in
both injected and inhaled forms) [53] may be beneficial if
the fasting glucose goal is not achieved with long-acting
insulin alone. Insulin is recommended as first-line therapy for
patients with HbA1c >9%, severe liver disease, or severe kidney
disease [34].

Table 2. Oral Diabetes Medications With Special Considerations in HIV

Class Mechanism Generic Name Brand Name Special Considerations in HIV

Biguanides • Decrease hepatic glucose
production

• Improve insulin sensitivity

Metformin Glucophage,
Glucophage
XR, Fortamet,
Glumetza

Riomet

• Dolutegravir increases metformin
concentrations

Sulfonylureas • Stimulate insulin release from the
pancreatic β cells

• Reduce glucose output from the
liver

• Increase insulin sensitivity

Glimepiride Amaryl
Glyburide Diabeta,

Micronase

Micronized glyburide Glynase

Glipizide Glucotrol,
Glucotrol xl

Thiazolidinediones • Lower blood glucose by improving
target cell response to insulin

• Do not increase pancreatic insulin
secretion

Rosiglitazone Avandia • When used with CYP2C8 inhibitors
(many PIs), rosiglitazone/
pioglitazone levels may increase.
Monitor carefully.

Pioglitazone Actos

Incretins

GLP-1 Analogues • Increase glucose-dependent
insulin secretion

• Decrease inappropriate glucagon
secretion

• Increase β-cell growth/replication
• Slow gastric emptying

Liraglutide Victoza
Exenatide Byetta

Exenatide LAR Byetta LAR

DPP-IV inhibitors • Increase insulin synthesis and
release from pancreatic β cells

• Decrease glucagon secretion from
pancreatic α cells

• Decreased glucagon secretion
results in decreased hepatic
glucose production

Sitagliptin Januvia • Gliptins have molecular targets on
immune cells; however, no evidence
that gliptin use changes CD4 or HIV
RNA

• Saxagliptin interacts with strong
CYP3A4/5 inhibitors (eg, ritonavir);
reduce saxagliptin dose when used
with CYP3A4/5 inhibitors

Saxagliptin Onglyza
Vildagliptin Galvus

Linagliptin Tradjenta

Gliflozins • Reduce reabsorption of filtered
glucose from the tubular lumen
and lower the renal threshold for
glucose

• Increase urinary excretion of
glucose

Dapagliflozin Farxiga • If UGT enzyme inducers (eg,
ritonavir) are coadministered with
canagliflozin, consider increasing the
dose to 300 mg

Canagliflozin Invokana

Meglitinides • Stimulate insulin release from
pancreatic β-cells

Repaglinide Prandin • When used with CYP3A4/CYP2C8
inhibitors (many PIs), Repaglinide/
nateglinide levels may increase.
Monitor carefully.

• EFV and ETR may increase
nateglinide

Nateglinide Starlix

Abbrevations: CYP, cytochrome P450; DPP-IV, dipeptidyl peptidase 4; EFV, efavirenz; ETR, etravirine; GLP-1, glucagon-like peptide 1; HIV, human immunodeficiency
virus; LAR, long-acting release; PI, protease inhibitor; UGT, UDP-glucuronosyltransferase.

456 • CID 2015:60 (1 February) • HIV/AIDS

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/60/3/453/310940 by guest on 15 M

ay 2022



Incretins
Glucagon-like peptide 1 (GLP-1) regulates glucose homeostasis
by decreasing β-cell workload and improving β-cell response.
After eating, GLP-1 is secreted into the circulation by the
L cells (neuroendocrine cells) of the distal ileum and colon.
In the β cells, GLP-1 enhances glucose-dependent insulin secre-
tion. GLP-1 also regulates gastric emptying, decreasing insulin
demand, decreases postprandial glucagon secretion, and in-
creases satiety [54]. There are two available therapeutic classes
that influence GLP-1: GLP-1 analogues and dipeptidyl peptidase
4 (DPP-IV) inhibitors. GLP-1 analogues have the same effects as
endogenous GLP-1 but a longer half-life, and DPP-IV inhibitors
block the DPP-IV enzyme, which breaks down GLP-1.

Currently available GLP-1 analogues include exenatide, lira-
glutide, and exenatide long-acting release. The advantages to
GLP-1 analogues are a 1% decrease in HbA1c, no hypoglycemia,
weight loss, and preservation of β-cell mass/function. Their dis-
advantages include gastrointestinal side effects (primarily nau-
sea) and high cost. Postmarketing trials are under way to
examine possible increased pancreatitis, thyroid cancer, and pan-
creatic cancer risk [55].Currently available DPP-IV inhibitors in-
clude sitagliptin, saxagliptin, vildagliptin, and linagliptin. Their
advantages are similar to those of GLP-1 analogues. Disadvan-
tages include a relatively small reduction in HbA1c (0.5%), gas-
trointestinal side effects (decreased intensity compared with
GLP-1 analogues), possible hypersensitivity reaction, and high
cost. Although a possible CVD risk reduction benefit with glip-
tins was reported, the benefit was not shown in subsequent stud-
ies, with one study reporting an increased rate of hospitalization
for heart failure [56–58]. Concern regarding gliptin use in HIV-
infected individuals was raised, as gliptins have molecular targets
on immune cells; however, a small study revealed no changes in
CD4 or HIV RNA among treated HIV-infected patients taking
sitagliptin [59]. Of note, saxagliptin interacts with strong cyto-
chrome P450 3A4/5 inhibitors (eg, ritonavir), and saxagliptin
dose should be reduced when used in combination [60].

Considering the different second-line options, many clinicians
would choose a sulfonylurea due to the high efficacy at low cost
with a long track record of safety and efficacy. A large National
Institute of Diabetes and Digestive and Kidney Diseases–funded
trial comparing the sulfonylureas, the incretins (both a DPP-IV
inhibitor and a GLP-1 agonist), and long-acting insulin is under
way [61]. Currently, decisions regarding second-line (and subse-
quent) therapy should be individualized, incorporating patients’
clinical characteristics and preferences.

ADDITIONAL AGENTS

Gliflozins
Glucose is freely filtered in glomeruli, then reabsorbed in the
proximal tubule by the sodium glucose co-transporter 2

(SGLT2). SGLT2 inhibitors such as dapagliflozin and canagli-
flozin block the reabsorption of glucose in an insulin-dependent
fashion, and glucose is then excreted in the urine. The advan-
tages of gliflozins include weight loss (approximately 2 kg),
lower blood pressure (BP), and no hypoglycemia. The disadvan-
tages include consequences of glycosuria (urinary tract infec-
tion and genital fungal infections), and potentially increased
cardiovascular risk, particularly within the first 30 days of initi-
ating canagliflozin [62]. Data from postmarketing studies fur-
ther exploring this risk are still pending. No interactions
between ART and dapagliflozin are expected; however, if
UDP-glucuronosyltransferase enzyme inducers (eg, ritonavir)
must be coadministered with canagliflozin, clinicians could
consider increasing the dose to 300 mg [63].

Meglitinides
This class of medications includes repaglinide (Prandin) and
nateglinide (Starlix), which are short-acting medications that
increase insulin release. They are dosed immediately prior to
a meal, and offer the advantages of less hypoglycemia than
the sulfonylureas and more flexibility with dosing. However,
they are expensive, require frequent dosing, and only have a
modest effect on HbA1c. For these reasons, they are not fre-
quently used.

GLYCEMIC TARGETS

The standard glycemic target for patients with DM is HbA1c
<7%, representing a mean blood glucose <150 mg/dL (8.3
mmol/L), fasting and preprandial values <130 mg/dL (7.2
mmol/L), and postprandial glucose <180 mg/dL (10 mmol/L)
[34]. In monitoring DM therapy, HIV clinicians should con-
sider that the HbA1c goal may need to be more stringent in
HIV-infected patients, reflecting the underestimation of glyce-
mia by HbA1c in HIV. Achieving glycemic targets, particularly
in the setting of aggressive therapy in newly diagnosed diabetes
[64], may decrease macrovascular complications of DM
(coronary artery disease, cerebrovascular disease, and peri-
pheral vascular disease), although study results have been
mixed [65–67].

Achieving glycemic targets has been shown to decrease mi-
crovascular (retinopathy, neuropathy, and nephropathy) com-
plications of DM [64, 66, 67]. However, adverse consequences
of more intensive glucose control have been observed in clinical
trials, including increased severe hypoglycemia and increased
death [68, 69]. This underscores the need for individualization
of targets. For example, patients with low HbA1c at baseline (ie,
mild DM) tended to do better with more intensive targets for
DM control. Furthermore, tighter control (HbA1c 6.0%–

6.5%) is more appropriate for younger, healthier patients,
whereas looser control (HbA1c 7.5%–8.0%) may be more
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Table 3. Drug Interactions Between Statins and Antiretroviral Therapy

Statin Interactions

Atorvastatin PI

Significant ↑ in atorvastatin levels with most PIs.

TPV/r: contraindicated.

For other PIs, Start with lowest dosage (10 mg). Monitor antilipid activity and titrate the statin dosage cautiously.

NNRTI

EFV: ↓ in atorvastatin levels; may need ↑ dosage.

ETR: ↓ in atorvastatin levels; may need ↑ dosage.

RPV: no dosage adjustments.

Integrase inhibitor

EVG/cobicistat/TDF/FTC: ↑ atorvastatin possible. Start with lowest dosage. Monitor response and titrate dosage cautiously.

Fluvastatin PI

Not well studied; no known significant interactions with most PIs.

NNRTI

ETR: may ↑ fluvastatin. Monitor response and titrate dosage cautiously.

Lovastatin PI

Substantial ↑ in statin levels, high risk of adverse effects.

Contraindicated.

NNRTI

ETR, NVP: ↓ lovastatin possible. Monitor response.

Integrase inhibitor

EVG/cobicistat/TDF/FTC: significant ↑ lovastatin expected; contraindicated.

Pitavastatin PI

No dosage adjustments necessary.

NNRTI

EFV: No dosage adjustments necessary.

Pravastatin PI

Variable effects; moderate ↑ pravastatin AUC and Cmax with most. No dosage adjustment of pravastatin is required.

Exceptions:

DRV/r: Consider alternative statin. If prescribed, use lowest possible dosage, monitor carefully.

SQV + RTV: ↓ pravastatin AUC. May need to ↑ pravastatin dosage to reach lipid goals.

NNRTI

EFV: ↓ pravastatin AUC May need to ↑ pravastatin dosage to reach lipid goals.

Rosuvastatin PI

ATV/r: ↑ rosuvastatin Cmax. Consider alternative statin. If prescribed, use lowest possible dosage (5 mg/day), monitor carefully. Do not
exceed 10 mg/day.

DRV/r: ↑ rosuvastatin Cmax. Use lowest possible dosage, monitor carefully.

LPV/r: ↑ rosuvastatin Cmax. Consider alternative statin. If prescribed, use lowest possible dosage, monitor carefully. Do not exceed
10 mg/day.

TPV/r: ↑ rosuvastatin Cmax. Use lowest possible dosage, monitor carefully.

Integrase inhibitor

EVG/cobicistat/TDF/FTC: rosuvastatin AUC ↑ 38%, Cmax ↑ 89%; titrate statin dose accordingly.

Simvastatin PI

Substantial ↑ in simvastatin levels, high risk of adverse effects.

Contraindicated.

NNRTI

EFV: ↓ simvastatin AUC >50%. May need to ↑ simvastatin dosage to reach lipid goals.

ETR, NVP: ↓ simvastatin possible.

Integrase inhibitor

EVG/cobicistat/TDF/FTC: Significant ↑ simvastatin expected; contraindicated.

Adapted from Department of Health and Human Services Guidelines for the use of Antiretroviral Agents in HIV-1-infected Adults and Adolescents (Available at:
http://aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf Tables 18a, 18b, and 18d) and Primary Care of Veterans With HIV Manual (section on lipid-
lowering medications-ARV interactions); see http://www.hiv.va.gov/provider/manual-primary-care/lipid-lowering-meds.asp).

Abbreviations: ↓, decrease; ↑, increase; ARV, antiretroviral; ATV/r, ritonavir-boosted atazanavir; AUC, area under the curve; Cmax, maximum serum concentration; DRV/r,
ritonavir-boosted darunavir; EFV, efavirenz; ETR, etravirine; EVG, elvitegravir; FTC, emtricitabine; LPV/r, ritonavir-boosted lopinavir; NNRTI, nonnucleoside reverse
transcriptase inhibitor; NVP, nevirapine; PI, protease inhibitor; RPV, rilpivirine; RTV, ritonavir; SQV, saquinavir; TDF, tenofovir; TPV/r, ritonavir-boosted tipranavir.
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appropriate for older patients with multiple comorbidities who
are prone to hypoglycemia [34].

MACROVASCULAR ENDPOINT PREVENTION—

ADDITIONAL CONSIDERATIONS

CVD risk factors (dyslipidemia, hypertension, smoking, a posi-
tive family history of premature coronary disease, and the pres-
ence of albuminuria) should be assessed annually. Routine
noninvasive CVD screening in asymptomatic patients, with the
exception of annual pedal pulse assessment, is not recommended.
Peripheral arterial disease screening includes annual assessment
of pedal pulses and consideration of ankle-brachial index testing.
Screening for cerebrovascular disease is not recommended [25].

Comprehensive CVD Risk Reduction
HIV-infected patients have higher risk of CVD compared with
HIV-uninfected controls [6, 70], likely caused a combination of
factors including metabolic derangement, lifestyle factors such
as smoking, and chronic inflammation. Patients with both HIV
and DM are at particularly high risk. Comprehensive interven-
tions have been shown to have a significant impact on CVD
among patients with DM [71] and should include:

A: Antiplatelet therapy
B: Blood pressure management
C: Cholesterol management
D: Diabetes/glucose management
S: Smoking cessation

Antiplatelet Therapy
Patients with increased CVD risk should receive aspirin (ASA),
although ASA resistance, or “lower than normal antiplatelet re-
sponse to standard doses of aspirin,” is common, reported in
up to 57% of general population patients taking aspirin [72],
sometimes making ASA ineffective. A pilot study of ASA in
HIV-infected patients showed that heightened platelet activa-
tion and immune activation in treated HIV disease was attenu-
ated by 1 week of ASA therapy. This is a potential additional
benefit of ASA in patients with HIV and DM [73].

Blood Pressure
The Joint National Committee (JNC) 8 guidelines recommend
that patients with DM aged≥18 years start pharmacologic therapy
to lower BP at systolic blood pressure (SBP) >140 mm Hg or dia-
stolic blood pressure (DBP) >90 mm Hg to treat to goals SBP
<140 mm Hg and DBP < 90 mm Hg [74]. JNC 8 guidelines rec-
ommend that black patients with DM include a thiazide diuretic
or calcium channel blocker (CCB) in their antihypertensive regi-
men and that nonblack diabetic patients include a thiazide diuret-
ic, CCB, angiotensin-converting enzyme inhibitor (ACE), or
angiotensin receptor blocker (ARB) in their regimen.

Cholesterol Management
The ACC/AHA cholesterol treatment guidelines recommend
that all patients with DM aged 40–75 years with low-density li-
poprotein cholesterol (LDL-c) 70–189 mg/dL without clinical
atherosclerotic cardiovascular disease take a moderate-intensity
(if calculated 10-year CVD risk is <7.5%) or high-intensity (if
10-year calculated CVD risk is ≥7.5%) statin [75]. These guide-
lines recommended checking therapeutic response 4–12 weeks
after starting therapy and every 3–12 months thereafter. The ex-
pected LDL-c reduction is at least 50% with a high-intensity sta-
tin and 30%–50% with a medium-intensity statin.

Clinicians should engage in individualized discussions with
their patients, taking into consideration that less aggressive
treatment and/or targets may be appropriate for certain pa-
tients. Multiple drug interactions between statin therapy and
antiretroviral therapy exist (Table 3), requiring careful selection
and monitoring of therapy [37].

MICROVASCULAR ENDPOINT PREVENTION—

ADDITIONAL CONSIDERATIONS

To help prevent microvascular complications, patients should
have yearly ophthalmologic exams to detect retinopathy. To
avoid nephropathy, good BP and lipid control are crucial,
along with a spot urine microalbumin every 12 months to
screen for nephropathy as well as ACE inhibitor or ARB treat-
ment in patients with DM with hypertension or microalbumi-
nuria. Patients should have foot exams every 6–12 months and
instruction in foot care, with a referral to podiatry if there is ev-
idence of neuropathy (Table 4) [25].

CONCLUSIONS

DM is a prevalent chronic condition with many deleterious ef-
fects, which may be accentuated among patients with both DM

Table 4. Prevention of Microvascular Complications in Patients
With Diabetes Mellitus

Target Area Recommendation

Retinopathy Yearly ophthalmologic exam
Nephropathy Optimize blood pressure and lipid control

Spot urine microalbumin every 6 mo to screen
for nephropathy

ACE inhibitor/ARB in patients with
hypertension or microalbuminuria

Neuropathy Foot exams every 6–12 mo
Instruction in foot care

Referral to podiatry if evidence of neuropathy

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin
receptor blocker.
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and HIV. We recommend that clinicians perform regular DM
screening in HIV-infected patients; however, we do not recom-
mend using HbA1c for screening. In treating DM, lifestyle
changes are critical, as a 5%–10% weight loss can have impor-
tant metabolic effects. If drug treatment is required, metformin
is first-line therapy. Decisions regarding second- and third-line
drugs should be individualized. The HbA1c goal is <7% in most
patients, but should be individualized depending on a patient’s
other comorbidities. A comprehensive approach to prevent
micro- and macrovascular complications among HIV-infected
patients with DM will lead to the best outcomes.

Note

Potential conflicts of interest. All authors: No potential conflicts of
interest.
All authors have submitted the ICMJE Form for Disclosure of Potential

Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. Centers for Disease Control and Prevention. Crude and age-adjusted
percentage of civilian, noninstitutionalized adults with diagnosed dia-
betes, United States, 1980–2011. Available at: http://www.cdc.gov/
diabetes/statistics/prev/national/figage.htm. Accessed 21 March 2014.

2. Brown TT, Cole SR, Li X, et al. Antiretroviral therapy and the prevalence
and incidence of diabetes mellitus in the multicenter AIDS cohort
study. Arch Intern Med 2005; 165:1179–84.

3. De Wit S, Sabin CA, Weber R, et al. Incidence and risk factors for
new-onset diabetes in HIV-infected patients. Diabetes Care 2008;
31:1224–9.

4. Rasmussen LD, Mathiesen ER, Kronborg G, Gerstoft J, Obel N. Risk of
diabetes mellitus in persons with and without HIV: a Danish nation-
wide population-based cohort study. PLoS One 2012; 7:e44575.

5. Polsky S, Floris-Moore M, Schoenbaum EE, Klein RS, Arnsten JH,
Howard AA. Incident hyperglycaemia among older adults with or at-
risk for HIV infection. Antivir Ther 2011; 16:181–8.

6. Triant VA, Lee H, Hadigan C, Grinspoon SK. Increased acute myocar-
dial infarction rates and cardiovascular risk factors among patients with
human immunodeficiency virus disease. J Clin Endocrinol Metab 2007;
92:2506–12.

7. Galli L, Salpietro S, Pellicciotta G, et al. Risk of type 2 diabetes among
HIV-infected and healthy subjects in Italy. Eur J Epidemiol 2012;
27:657–65.

8. Howard AA, Hoover DR, Anastos K, et al. The effects of opiate use and
hepatitis C virus infection on risk of diabetes mellitus in the Women’s
Interagency HIV Study. J Acquir Immune Defic Syndr 2010; 54:152–9.

9. Butt AA, McGinnis K, Rodriguez-Barradas MC, et al. HIV infection
and the risk of diabetes mellitus. AIDS 2009; 23:1227–34.

10. Mehta SH, Moore RD, Thomas DL, Chaisson RE, Sulkowski MS. The
effect of HAART and HCV infection on the development of hypergly-
cemia among HIV-infected persons. J Acquir Immune Defic Syndr
2003; 33:577–84.

11. Monroe AK, Dobs AS, Xu X, et al. Sex hormones, insulin resistance, and
diabetes mellitus among men with or at risk for HIV infection. J Acquir
Immune Defic Syndr 2011; 58:173–80.

12. Ledergerber B, Furrer H, Rickenbach M, et al. Factors associated with
the incidence of type 2 diabetes mellitus in HIV infected participants
in the Swiss HIV Cohort Study. Clin Infect Dis 2007; 45:111–9.

13. Brown TT, Tassiopoulos K, Bosch RJ, Shikuma C, McComsey GA.
Association between systemic inflammation and incident diabetes in

HIV-infected patients after initiation of antiretroviral therapy. Diabetes
Care 2010; 33:2244–9.

14. Meininger G, Hadigan C, Laposata M, et al. Elevated concentrations of
free fatty acids are associated with increased insulin response to stan-
dard glucose challenge in human immunodeficiency virus-infected sub-
jects with fat redistribution. Metabolism 2002; 51:260–6.

15. Samaras K. Prevalence and pathogenesis of diabetes mellitus in HIV-1
infection treated with combined antiretroviral therapy. J Acquir Im-
mune Defic Syndr 2009; 50:499–505.

16. Hruz PW. Molecular mechanisms for insulin resistance in treated HIV-
infection. Best Pract Res Clin Endocrinol Metab 2011; 25:459–68.

17. Capeau J, Bouteloup V, Katlama C, et al. Ten-year diabetes incidence in
1046 HIV-infected patients started on a combination antiretroviral
treatment. AIDS 2012; 26:303–14.

18. Erlandson KM, Kitch D, Tierney C, et al. Impact of randomized antire-
troviral therapy initiation on glucose metabolism. AIDS 2014;
28:1451–61.

19. Sattar N, Preiss D, Murray HM, et al. Statins and risk of incident dia-
betes: a collaborative meta-analysis of randomised statin trials. Lancet
2010; 375:735–42.

20. McComsey GA, Jiang Y, Erlandson KM, et al. Rosuvastatin improves
hip bone mineral density but worsens insulin resistance [CROI abstract
134]. In: Special Issue: Abstracts From the 2014 Conference on Retro-
viruses and Opportunistic Infections. Top Antivir Med 2014; 22(e-
1):34.

21. Lichtenstein K, Debes R, Wood K, et al. Statin use is associated with in-
cident diabetes mellitus among patients in the HIV Outpatient Study.
In: 20th Conference on Retroviruses and Opportunistic Infections, At-
lanta, GA, 3–6 March 2013. Abstract 767.

22. Spagnuolo V, Galli L, Poli A, et al. Association between statin use and
type-2 diabetes mellitus occurrence among HIV-1+ patients receiving
ART. In: 20th Conference on Retroviruses and Opportunistic Infec-
tions, Atlanta, GA, 3–6 March 2013. Abstract 766.

23. Wang KL, Liu CJ, Chao TF, et al. Statins, risk of diabetes, and implica-
tions on outcomes in the general population. J Am Coll Cardiol 2012;
60:1231–8.

24. Ridker PM, Pradhan A, MacFadyen JG, et al. Cardiovascular benefits
and diabetes risks of statin therapy in primary prevention: an analysis
from the JUPITER trial. Lancet 2012; 380:565–71.

25. American Diabetic Association. Standards of medical care in diabetes—
2014. Diabetes Care 2014; 37(suppl. 1):S14–80.

26. Bonora E, Tuomilehto J. The pros and cons of diagnosing diabetes with
A1C. Diabetes Care 2011; 34(suppl. 2):S184–90.

27. Kim PS, Woods C, Georgoff P, et al. Hemoglobin A1c underestimates
glycemia in HIV infection. Diabetes Care 2009; 82:1591–8.

28. Diop M-E, Bastard J-P, Meunier N, et al. Inappropriately low glycated
hemoglobin values and hemolysis in HIV-infected patients. AIDS Res
Hum Retroviruses 2006; 22:1242–7.

29. Polgreen PM, Putz D, Stapleton JT. Inaccurate glycosylated hemoglobin
A1C measurements in human immunodeficiency virus—positive pa-
tients with diabetes mellitus. Clin Infect Dis 2003; 37:e53–6.

30. Glesby MJ, Hoover DR, Shi Q, et al. Glycated hemoglobin in diabetic
women with and without HIV infection: data from the women’s inter-
agency HIV study. Antivir Ther 2010; 15:571–7.

31. Slama L, Palella F, Abraham A, et al. Inaccuracy of hemoglobin
A1c among HIV-infected: effects of CD4 cell count, antiretroviral
therapies, and hematologic parameters. J Antimicrob Chemother
2014; doi:10.1093/jac/dku295.

32. Aberg JA, Gallant JE, Ghanem KG, Emmanuel P, Zingman BS, Horberg
MA. Primary care guidelines for the management of persons
infected with HIV: 2013 update by the HIV Medicine Association of
the Infectious Diseases Society of America. Clin Infect Dis 2014; 58:
e1–34.

33. Panel on Antiretroviral Guidelines for Adults and Adolescents. Guide-
lines for the use of antiretroviral agents in HIV-1-infected adults and
adolescents. Department of Health and Human Services. Table 3.

460 • CID 2015:60 (1 February) • HIV/AIDS

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/60/3/453/310940 by guest on 15 M

ay 2022

http://www.cdc.gov/diabetes/statistics/prev/national/figage.htm
http://www.cdc.gov/diabetes/statistics/prev/national/figage.htm
http://www.cdc.gov/diabetes/statistics/prev/national/figage.htm


Available at: http://aidsinfo.nih.gov/ContentFiles/AdultandAdoles
centGL.pdf. Accessed 25 July 2014.

34. Inzucchi S, Bergenstal R, Buse J, et al. Management of hyperglycaemia
in type 2 diabetes: a patient-centered approach. Position statement
of the American Diabetes Association (ADA) and the European Asso-
ciation for the Study of Diabetes (EASD). Diabetologia 2012; 55:
1577–96.

35. Pi-Sunyer X, Blackburn G, Brancati F, et al. Reduction in weight and
cardiovascular disease risk factors in individuals with type 2 diabetes:
one-year results of the look AHEAD trial. Diabetes Care 2007; 30:
1374–83.

36. Esposito K, Maiorino MI, Ciotola M, et al. Effects of a Mediterranean-
style diet on the need for antihyperglycemic drug therapy in patients
with newly diagnosed type 2 diabetes: a randomized trial. Ann Intern
Med 2009; 151:306–14.

37. Panel on Antiretroviral Guidelines for Adults and Adolescents. Guide-
lines for the use of antiretroviral agents in HIV-1-infected adults and
adolescents. Department of Health and Human Services. Tables 14
and 15. Available at: http://aidsinfo.nih.gov/ContentFiles/Adultand
AdolescentGL.pdf. Accessed 25 July 2014.

38. Jensen MD, Ryan DH, Hu FB, et al. 2013 AHA/ACC/TOS guideline for
the management of overweight and obesity in adults. Circulation 2014;
129(suppl. 1):S102–38.

39. Granner ML, Sharpe PA, Hutto BE, Wilcox S, Addy CL. Perceived in-
dividual, social, and environmental factors for physical activity and
walking. J Phys Act Health 2007; 4:278–93.

40. Bravata DM, Smith-Spangler C, Sundaram V, et al. Using pedometers to
increase physical activity and improve health. JAMA 2007; 298:
2296–304.

41. Grandes G, Sanchez A, Sanchez-Pinilla RO, et al. Effectiveness of
physical activity advice and prescription by physicians in routine
primary care: a cluster randomized trial. Arch Intern Med 2009;
169:694.

42. Mozaffarian D, Afshin A, Benowitz NL, et al. Population approaches to
improve diet, physical activity, and smoking habits a scientific statement
from the American Heart Association. Circulation 2012; 126:1514–63.

43. Artinian NT, Fletcher GF, Mozaffarian D, et al. Interventions to pro-
mote physical activity and dietary lifestyle changes for cardiovascular
risk factor reduction in adults a scientific statement from the American
Heart Association. Circulation 2010; 122:406–41.

44. Lamanna C, Monami M, Marchionni N, Mannucci E. Effect of metfor-
min on cardiovascular events and mortality: a meta‐analysis of random-
ized clinical trials. Diabetes Obes Metab 2011; 13:221–8.

45. Tivicay (dolutegravir) prescribing information. Available at: http://www.
viivhealthcare.com/media/58599/us_tivicay.pdf. Accessed 21 March
2014.

46. Mannucci E, Monami M, Lamanna C, Gensini G, Marchionni N. Pio-
glitazone and cardiovascular risk. A comprehensive meta‐analysis of
randomized clinical trials. Diabetes Obes Metab 2008; 10:1221–38.

47. Deeg MA, Buse JB, Goldberg RB, et al. Pioglitazone and rosiglitazone
have different effects on serum lipoprotein particle concentrations
and sizes in patients with type 2 diabetes and dyslipidemia. Diabetes
Care 2007; 30:2458–64.

48. Tungsiripat M, El Bejjani D, Rizk N, et al. Rosiglitazone improves lip-
oatrophy in patients receiving thymidine-sparing regimens. AIDS 2010;
24:1291–8.

49. Lewis JD, Ferrara A, Peng T, et al. Risk of bladder cancer among diabetic
patients treated with pioglitazone interim report of a longitudinal co-
hort study. Diabetes Care 2011; 34:916–22.

50. Schernthaner G, Currie CJ, Schernthaner G-H. Do we still need piogli-
tazone for the treatment of type 2 diabetes? A risk-benefit critique in
2013. Diabetes Care 2013; 36(suppl. 2): S155–61.

51. Home P, Lagarenne P. Combined randomised controlled trial experi-
ence of malignancies in studies using insulin glargine. Diabetologia
2009; 52:2499–506.

52. Afrezza prescribing information. Available at: http://www.mannkindcorp.
com/product-pipeline-diabetes-afrezza-micro-site.htm. Accessed 13
October 2014.

53. Yki-Järvinen H, Juurinen L, Alvarsson M, et al. Initiate Insulin by
Aggressive Titration and Education (INITIATE): a randomized
study to compare initiation of insulin combination therapy in type 2 di-
abetic patients individually and in groups. Diabetes Care 2007; 30:
1364–9.

54. Drucker DJ, Nauck MA. The incretin system: glucagon-like peptide-1
receptor agonists and dipeptidyl peptidase-4 inhibitors in type 2 diabe-
tes. Lancet 2006; 368:1696–705.

55. US Food and Drug Administration. Byetta safety update for healthcare
professionals. Available at: http://www.fda.gov/Drugs/DrugSafety/
PostmarketDrugSafetyInformationforPatientsandProviders/DrugSafety
InformationforHeathcareProfessionals/ucm190406.htm. Accessed 21
March 2014.

56. Patil HR, Al Badarin FJ, Al Shami HA, et al. Meta-analysis of effect of
dipeptidyl peptidase-4 inhibitors on cardiovascular risk in type 2 diabe-
tes mellitus. Am J Cardiol 2012; 110:826–33.

57. Scirica BM, Bhatt DL, Braunwald E, et al. Saxagliptin and cardiovascular
outcomes in patients with type 2 diabetes mellitus. N Engl J Med 2013;
369:1317–26.

58. White WB, Cannon CP, Heller SR, et al. Alogliptin after acute coronary
syndrome in patients with type 2 diabetes. N Engl J Med 2013; 369:
1327–35.

59. Goodwin SR, Reeds DN, Royal M, Struthers H, Laciny E, Yarasheski KE.
Dipeptidyl peptidase IV inhibition does not adversely affect immune or
virological status in HIV infected men and women: a pilot safety study.
J Clin Endocrinol Metab 2012; 98:743–51.

60. Onglyza (saxagliptin) prescribing information. Available at: http://
packageinserts.bms.com/pi/pi_onglyza.pdf. Accessed 21 March 2014.

61. National Institutes of Health. NIH begins recruitment for long-term
study of diabetes drug efficacy. Available at: http://www.nih.gov/news/
health/jun2013/niddk-03.htm. Accessed 21 March 2014.

62. Neal B, Perkovic V, de Zeeuw D, et al. Rationale, design, and baseline
characteristics of the Canagliflozin Cardiovascular Assessment Study
(CANVAS)—a randomized placebo-controlled trial. Am Heart J 2013;
166:217–23.

63. Invokana (canagliflozin) prescribing information. Available at: http://
www.invokanahcp.com/prescribing-information.pdf. Accessed 21
March 2014.

64. Holman RR, Paul SK, Bethel MA, et al. 10-year follow-up of
intensive glucose control in type 2 diabetes. N Engl J Med 2008;
359:1577–89.

65. Abraira C, Colwell J, Nuttall F, et al. Cardiovascular events and corre-
lates in the Veterans Affairs Diabetes Feasibility Trial. Veterans Affairs
Cooperative Study on Glycemic Control and Complications in Type II
Diabetes. Arch Intern Med 1997; 157:181–8.

66. Action to Control Cardiovascular Risk in Diabetes Study Group; Ger-
stein HC, Miller ME, et al. Effects of intensive glucose lowering in type 2
diabetes. N Engl J Med 2008; 358:2545–59.

67. ADVANCE Collaborative Group; Patel A, MacMahon S, et al.
Intensive blood glucose control and vascular outcomes in patients
with type 2 diabetes. N Engl J Med 2008; 358:2560–72.

68. Kelly TN, Bazzano LA, Fonseca VA, Thethi TK, Reynolds K, He J.
Systematic review: glucose control and cardiovascular disease in type
2 diabetes. Ann Intern Med 2009; 151:394–403.

69. Gerstein HC, Miller ME, Byington RP, et al. Effects of intensive glucose
lowering in type 2 diabetes. N Engl J Med 2008; 358:2545–59.

70. Freiberg MS, Chang CC, Kuller LH, et al. HIV infection and the
risk of acute myocardial infarction. JAMA Intern Med 2013; 173:
614–22.

71. Gaede P, Lund-Andersen H, Parving HH, Pedersen O. Effect of a mul-
tifactorial intervention on mortality in type 2 diabetes. N Engl J Med
2008; 358:580–91.

HIV/AIDS • CID 2015:60 (1 February) • 461

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/60/3/453/310940 by guest on 15 M

ay 2022

http://aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf
http://aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf
http://aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf
http://aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf
http://aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf
http://aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf
http://www.viivhealthcare.com/media/58599/us_tivicay.pdf
http://www.viivhealthcare.com/media/58599/us_tivicay.pdf
http://www.viivhealthcare.com/media/58599/us_tivicay.pdf
http://www.mannkindcorp.com/product-pipeline-diabetes-afrezza-micro-site.htm
http://www.mannkindcorp.com/product-pipeline-diabetes-afrezza-micro-site.htm
http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/DrugSafetyInformationforHeathcareProfessionals/ucm190406.htm
http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/DrugSafetyInformationforHeathcareProfessionals/ucm190406.htm
http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/DrugSafetyInformationforHeathcareProfessionals/ucm190406.htm
http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/DrugSafetyInformationforHeathcareProfessionals/ucm190406.htm
http://packageinserts.bms.com/pi/pi_onglyza.pdf
http://packageinserts.bms.com/pi/pi_onglyza.pdf
http://packageinserts.bms.com/pi/pi_onglyza.pdf
http://www.nih.gov/news/health/jun2013/niddk-03.htm
http://www.nih.gov/news/health/jun2013/niddk-03.htm
http://www.nih.gov/news/health/jun2013/niddk-03.htm
http://www.invokanahcp.com/prescribing-information.pdf
http://www.invokanahcp.com/prescribing-information.pdf
http://www.invokanahcp.com/prescribing-information.pdf


72. Grinstein J, Cannon CP. Aspirin resistance: current status and role of
tailored therapy. Clin Cardiol 2012; 35:673–80.

73. O’Brien M, Montenont E, Hu L, et al. Aspirin attenuates platelet activa-
tion and immune activation in HIV-1-infected subjects on antiretroviral
therapy: a pilot study. J Acquir Immune Defic Syndr 2013; 63:280–8.

74. James PA, Oparil S, Carter BL, et al. 2014 evidence-based guideline for
the management of high blood pressure in adults report from the panel

members appointed to the Eighth Joint National Committee (JNC 8).
JAMA 2014; 311:507–20.

75. Stone NJ, Robinson J, Lichtenstein AH, et al. 2013 ACC/AHA guideline
on the treatment of blood cholesterol to reduce atherosclerotic cardio-
vascular risk in adults: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines. J Am
Coll Cardiol 2014; 63(25 pt B):2889–934.

462 • CID 2015:60 (1 February) • HIV/AIDS

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/60/3/453/310940 by guest on 15 M

ay 2022



academic.oup.com/cid  of 1 4

Please excuse the presence of this and the 
following test pages, which have been 

added to a small number of article PDFs for 
a limited time as part of our process of 

continual development and improvement.

academic.oup.com/cid



Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod 
tempor incididunt ut labore et dolore magna aliqua. Ut enim ad minim 
veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea 
commodo consequat. Duis aute irure dolor in reprehenderit in voluptate 
velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat 
cupidatat non proident, sunt in culpa qui officia deserunt mollit anim id 
est laborum. Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed 
do eiusmod tempor incididunt ut labore et dolore magna aliqua. Ut enim 
ad minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip 
ex ea commodo consequat. Duis aute irure dolor in reprehenderit in 
voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint 
occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit 
anim id est laborum. Lorem ipsum dolor sit amet, consectetur adipiscing 
elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua. 
Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi 
ut aliquip ex ea commodo consequat. Duis aute irure dolor in 
reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur. 
Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia 
deserunt mollit anim id est laborum. Lorem ipsum dolor sit amet, 
consectetur adipiscing elit, sed do eiusmod tempor incididunt ut labore et 
dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation 
ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure 
dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla 
pariatur. Excepteur sint occaecat cupidatat non proident, sunt in culpa 
qui officia deserunt mollit anim id est laborum. Lorem ipsum dolor sit 
amet, consectetur adipiscing elit, sed do eiusmod tempor incididunt ut 
labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud 
exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat. 
Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore 
eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat non proident, 
sunt in culpa qui officia deserunt mollit anim id est laborum. Lorem 
ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor 
incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam, 
quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea commodo 
consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse 
cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat 
non proident, sunt in culpa qui officia deserunt mollit anim id est 
laborum. Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do 
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eiusmod tempor incididunt ut labore et dolore magna aliqua. Ut enim ad 
minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex 
ea commodo consequat. Duis aute irure dolor in reprehenderit in 
voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint 
occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit 
anim id est laborum. Lorem ipsum dolor sit amet, consectetur adipiscing 
elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua. 
Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi 
ut aliquip ex ea commodo consequat. Duis aute irure dolor in 
reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur. 
Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia 
deserunt mollit anim id est laborum. Lorem ipsum dolor sit amet, 
consectetur adipiscing elit, sed do eiusmod tempor incididunt ut labore et 
dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation 
ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure 
dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla 
pariatur. Excepteur sint occaecat cupidatat non proident, sunt in culpa 
qui officia deserunt mollit anim id est laborum. Lorem ipsum dolor sit 
amet, consectetur adipiscing elit, sed do eiusmod tempor incididunt ut 
labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud 
exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat. 
Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore 
eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat non proident, 
sunt in culpa qui officia deserunt mollit anim id est laborum. Lorem 
ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor 
incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam, 
quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea commodo 
consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse 
cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat 
non proident, sunt in culpa qui officia deserunt mollit anim id est 
laborum. Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do 
eiusmod tempor incididunt ut labore et dolore magna aliqua. Ut enim ad 
minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex 
ea commodo consequat. Duis aute irure dolor in reprehenderit in 
voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint 
occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit 
anim id est laborum. Lorem ipsum dolor sit amet, consectetur adipiscing 
elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua. 
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Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi 
ut aliquip ex ea commodo consequat. Duis aute irure dolor in 
reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur. 
Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia 
deserunt mollit anim id est laborum. Lorem ipsum dolor sit amet, 
consectetur adipiscing elit, sed do eiusmod tempor incididunt ut labore et 
dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation 
ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure 
dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla 
pariatur. Excepteur sint occaecat cupidatat non proident, sunt in culpa 
qui officia deserunt mollit anim id est laborum. Lorem ipsum dolor sit 
amet, consectetur adipiscing elit, sed do eiusmod tempor incididunt ut 
labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud 
exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat. 
Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore 
eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat non proident, 
sunt in culpa qui officia deserunt mollit anim id est laborum. Lorem 
ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor 
incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam, 
quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea commodo 
consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse 
cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat 
non proident, sunt in culpa qui officia deserunt mollit anim id est 
laborum. Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do 
eiusmod tempor incididunt ut labore et dolore magna aliqua. Ut enim ad 
minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex 
ea commodo consequat. Duis aute irure dolor in reprehenderit in 
voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint 
occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit 
anim id est laborum. Lorem ipsum dolor sit amet, consectetur adipiscing 
elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua. 
Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi 
ut aliquip ex ea commodo consequat. Duis aute irure dolor in 
reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur. 
Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia 
deserunt mollit anim id est laborum. 
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