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Abstract

Purpose of Review: To discuss the diagnosis, treatment, and complications of diabetes in
people with HIV (PWH) and to review HIV-related factors that may contribute to the development
of diabetes or alter decisions in the care and treatment of PWH with diabetes.

Recent Findings: For those patients with atherosclerotic cardiovascular disease, heart failure,
and/or chronic kidney disease, GLP-1 receptor agonists and SGLT-2 inhibitors should be
considered for use. Evidence for this recommendation is, however, based on studies that were not
conducted in populations consisting solely of PWH.

Summary: Diabetes is a significant comorbidity in PWH and adds to their already heightened
risk of cardiovascular disease. HIV-specific factors, including interactions of antiretroviral therapy
with medications that either treat diabetes and/or prevent cardiovascular disease, should be
evaluated.
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Introduction

People with HIV (PWH) are living longer with advances in antiretroviral therapy (ART). As
a result, PWH are at risk for diseases associated with aging, including diabetes. Diabetes is a
cardiovascular (CV) disease risk factor and contributes to the already significant risk for
developing CV disease among PWH. HIV care providers should recognize that each aspect
of diabetes management, including diagnosis and therapy, may differ in PWH compared to a
patient from the general population.
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Epidemiology of Diabetes

The prevalence of diabetes in a cohort in the United States of PWH on = 6 months of ART
has been reported to be 19.3% in women and 12.2% in men [1], similar to the prevalence
seen in the general population [2]. Moreover, the prevalence of diabetes in general has
steadily been increasing in low and middle income countries (LMIC), in part because of
changes in diet, although HIV may also be a contributing factor [3]. The prevalence of
diabetes in PWH in LMIC ranges from 1.3 to 18%. The wide range is in part because of
different criteria used to define diabetes as well as actual differences in prevalence estimates
among different populations [4].

Whether HIV infection itself is a risk factor for diabetes has not been clearly established and
depends on the population studied. While there is some evidence that suggests HIV is
associated with greater risk of diabetes [5,6], other studies have not demonstrated a direct
association between HIV and diabetes [7,8]. Factors that could account for the discrepancy
in these findings include different definitions of diabetes used in the studies.

Risk Factors

Several risk factors related to HIV place PWH at risk for developing diabetes. One such risk
factor is ART. ART has evolved since the beginning of the HIV epidemic, and the effects of
early ART differ from those of contemporary ART. In the early ART era, ART was
associated with an increased incidence of diabetes, even after adjustment for body mass
index (BMI) and age, as seen in the Multicenter AIDS Cohort Study, a prospective study of
men with and without HIV. The majority of men with HIV on ART reported taking one or
more protease inhibitors (PI), and the use of any Pl was associated with diabetes incidence
[5]. Also, both in the early and modern ART eras, ART has been associated with an increase
in weight termed the “return to health” phenomenon [9].

Moreover, exposure to thymidine analogs, stavudine and zidovudine, has been associated
with changes in fat distribution. Specifically, previous exposure to stavudine has been shown
to be associated with greater pericardial adipose tissue volume [10], which is linked to
greater risk for coronary artery disease events [11]. In addition, previous exposure to
thymidine analogs is directly associated with greater visceral adipose tissue area [12] and
reduced subcutaneous fat [13]. Of note, stavudine is not recommended by current guidelines
[14], but previous stavudine exposure can remain a significant metabolic risk factor even
after this medication is withdrawn [12].

However, the median BMI of PWH has been climbing over time. In the current era, ART is
associated with increasing the risk of becoming overweight or obese [9,15].

Particular ART agents have been associated with weight gain. These include the integrase
strand inhibitors (INSTISs), in particular dolutegravir, in combination with the non-nucleoside
reverse transcriptase inhibitor (NNRTI) tenofovir alafenamide (TAF) [16]. Certain patient
populations are particularly susceptible to weight gain in the setting of INSTI use, including
women, African Americans, and older PWH [9,16]. However, the effects of INSTIs and their
associated weight gain on metabolic outcomes, including diabetes, is not yet known [9].
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Diagnosis and Monitoring

Treatment

For the general population, the American Diabetes Association (ADA) lists different
methods to diagnose diabetes, including fasting glucose = 126 mg/dl, 2 hour plasma glucose
> 200 mg/dl after a 75 gram oral glucose challenge, and hemoglobin Alc = 6.5%. However,
for specific patient populations, including PWH, the hemoglobin Alc may be inaccurate and
is thus not a preferred method to diagnose diabetes. Hemoglobin Alc has been shown to
underestimate glycemia in PWH, and abacavir has been associated with greater discordance
between hemoglobin Alc and blood glucose [17]. As such, a plasma glucose based method
is preferred [18].

Given the inaccuracy of hemoglobin Alc in PWH, fasting glucose is recommended for
screening and should be obtained at the following time points: at the time of care initiation,
when ART is started or changed, every 12 months and if clinically indicated. In the situation
of a random glucose outside of the normal range, then a fasting glucose is recommended
[14]. Similarly, the ADA recommends that plasma glucose based criteria, not hemoglobin
Alc, should be used for the diagnosis of diabetes in PWH [18].

Lifestyle interventions

Because of the lack of randomized controlled studies of interventions to treat diabetes in
PWH, many recommendations for the treatment of diabetes are extrapolated from studies
conducted in the general population.

Lifestyle interventions are recommended as the foundation of treatment in people with
diabetes [19,20]. These include the following: tobacco product cessation, including e-
cigarettes, nutrition therapy, and physical activity.

The ADA does not recommend a specific diet but does note that patients with diabetes
should be referred to a registered dietitian. Moreover, the ADA recommends avoiding sugar
sweetened beverages and emphasizes more whole foods over processed foods [20].
Similarly, the American Association of Clinical Endocrinology (AACE) recommends
avoiding foods with sucrose or high amounts of fructose [19]. However, evidence has shown
that PWH are more likely to have a lower quality diet, as measured by the Healthy Eating
Index (HELI), than people without HIV [21]. As such, nutrition therapy represents an area
that should be targeted in PWH in the treatment of diabetes.

Recommendations for physical activity in people with diabetes include = 150 minutes of
moderate intensity aerobic exercise over = 3 days a week [20]. The American Heart
Association recommends either 150 minutes of moderate intensity exercise a week or 75
minutes of vigorous intensity exercise a week [22], but the ADA notes that 75 minutes of
vigorous intensity exercise a week may be adequate in younger and more physically able
patients [20]. High quality data on the level of physical activity is sparse [23], but the
available data suggests that PWH may not be achieving recommended levels of exercise
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[24]. This underscores the importance for the clinician treating diabetes in PWH to address
and discuss any barriers to exercise that the patient may have.

Metformin is the first-line medication recommended in the treatment of type 2 diabetes by
the ADA, if there is no contraindication to metformin use [25].

One consideration in the use of metformin in PWH is ART-metformin interactions. No
adjustment to metformin is needed with use of NNRTIs, Pls, or nucleoside reverse
transcriptase inhibitors (NRTIs) [14]. However, INSTI-metformin interactions exist, with the
following INSTIs: bictegravir and dolutegravir, as both INSTIs can increase the area under
the curve of metformin. As such, a maximum dose of metformin 1000 mg daily is
recommended for use with dolutegravir, with a caveat to monitor for any adverse drug
effects of metformin [14]. No specific maximum dose of metformin is noted in the package
insert for bictegravir, as the magnitude of the interaction may not be clinically significant
[26].

Thus, metformin can be considered as first-line therapy for PWH with diabetes, based on
ADA guidelines, although monitoring for adverse effects from metformin and dose titration
may be indicated in the setting of bictegravir and dolutegravir use, respectively.

Sulfonylureas

Sulfonylureas decrease Alc by 1-2%. Associated side effects include weight gain and
hypoglycemia, and the risk of hypoglycemia with sulfonylurea use is increased in the setting
of renal insufficiency. The ADA guidelines recommend considering the use of sulfonylureas
as a second-line medication after metformin in patients with type 2 diabetes without
ASCVD if cost of medication is a concern [25]. Sulfonylureas are relatively less expensive
than other antihyperglycemic medications.

Among patients with diabetes with and without HIV who were naive to diabetes medication,
no difference in Alc change by HIV serostatus was observed in patients started on a
sulfonylurea compared to Alc change in either patients started on metformin or a
thiazolidinedione. Differences in side effect profile as a result of sulfonylurea treatment were
not reported [27].

Specific considerations to note in the treatment of PWH is the adverse effect of weight gain
with sulfonylurea use. A major point to consider is that the use of sulfonylureas in PWH
should be measured against the fact that ART initiation is already a risk factor for weight
gain.

No interactions between sulfonylureas and Pls, NNRTIs, NRTIs, or INSTIs have been
reported [14].

Thiazolidinediones

Pioglitazone is a thiazolidinedione that is currently on the market and used in clinical
practice. Compared to placebo, pioglitazone 30 mg daily lowers hemoglobin Alc by about
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1% [28]. Adverse effects of pioglitazone include edema and an elevated risk of bone
fractures in older individuals [29,30]. While some studies have described an association
between pioglitazone and bladder cancer [31,32], others have not shown a significant
relationship [33,34]. Pioglitazone carries a low risk of hypoglycemia [35] and has been
associated with a reduction in ASCVD events in a general population study of individuals
with type 2 diabetes and history of macrovascular disease [36].

The effect of pioglitazone on HIV-associated lipodystrophy syndrome (HALS) has been
studied. HALS, which is associated with insulin resistance, is characterized by a
redistribution in subcutaneous fat, including lipoatrophy in the face and extremities and
lipoaccumulation in the neck, abdomen and trunk. HALS may also be associated with CV
disease [37,38]. A risk factor for HALS includes use of thymidine analogs, a type of NRTI.
[38]. In different studies, pioglitazone treatment has been shown to result in either no change
or an increase in limb fat in patients with HALS . In addition, the effect of pioglitazone on
insulin resistance, as measured by the homeostasis model assessment insulin resistance
(HOMA-IR) or amended insulin-resistance ratio, in PWH has been shown to range from no
change to a significant decrease in insulin resistance. Differences in these studies’ findings
may be secondary to differences in study duration, sample size, and study demographics
[39-41].

DPP4 Inhibitors

DPP4 inhibitors lower hemoglobin Alc up to 0.8%, which is relatively less than the glucose
lowering effect that is seen with GLP-1 receptor agonists, as discussed below [42,43]. This
class of medications is not associated with hypoglycemia and is considered weight neutral.
The DPP4 inhibitors have a favorable side effect profile, with nasopharyngitis being one of
the most common adverse effects [44]. In placebo controlled trials of saxagliptin, upper
respiratory tract infection was observed in 7.7% of participants in the treatment arm
compared to 7.6% in the placebo arm [45]. The use of saxagliptin concurrently with the
INSTI elvitegravir and cobicistat may potentially result in an increase in saxagliptin
concentration [14].

DPP4 is a cell-surface protease which inactivates incretins, which explains the glucose
lowering effect of DPP4 inhibitors. In addition, DPP4 is involved with T cell activation, and
DPP4 or CD26 on lymphocytes also binds to the HIV associated protein gp120 [46]. The
question of whether DPP4 inhibitors affect the immune system in PWH has been of interest.
In a pilot study of PWH on ART and without diabetes randomized either to sitagliptin or
placebo, no significant change in CD4+ T cell count was associated with sitagliptin use [47].

In clinical studies, DPP4 inhibitors have shown to exert an anti-inflammatory effect [48,49].
In a study of PWH, a randomized, controlled trial studied whether 16 weeks of sitagliptin
treatment decreased soluble CD14, a monocyte activation marker. No significant change in
soluble CD14 was noted from baseline to the end of the study, although it was well tolerated
[50].

In summary, DPP4 inhibitors can be considered in the treatment of diabetes in PWH after
taking into account any potential ART interaction.
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GLP-1 Receptor Agonists

The ADA recommends the use of a GLP-1 receptor agonist, in addition to metformin, in
those patients with type 2 diabetes and ASCVD [25]. This recommendation is the result of
several CV outcomes trials that have shown the benefit in this class of medications in
reducing ASCVD risk. The AACE recommends GLP-1 receptor agonist therapy in those
patients with type 2 diabetes and ASCVD or with high risk of ASCVD, independent of
glycemic control [19]. Adverse effects associated with GLP-1 receptor agonist treatment
include nausea and vomiting. No causal association between GLP-1 receptor agonist
treatment and pancreatitis has been demonstrated [51].

In the LEADER trial of participants with type 2 diabetes, treatment with liraglutide, a once
daily GLP-1 receptor agonist, was associated with a reduction in the composite primary
endpoint of non-fatal myocardial infarction, non-fatal stroke, and CV-related death [52].
Similar results were seen in separate studies of dulaglutide, albiglutide (no longer on the
market), and injectable semaglutide. Semaglutide, in particular, was associated with a
reduction in non-fatal MI [53].

In 2 case studies, liraglutide resulted in weight loss and improvements in hemoglobin Alc
and fasting glucose in PWH [54,55]. No guidelines recommend the use of GLP-1 receptor
agonists specifically in PWH because to date there are no randomized controlled trials of
GLP-1 receptor agonists in PWH. However, given the increased risk of ASCVD in PWH and
weight loss associated with this class of medications, GLP-1 receptor agonists are an
attractive agent to consider in the treatment of diabetes in PWH. As such, despite the lack of
specific guidelines addressing this issue, the atheroprotective nature of GLP-1 receptor
agonists reflect favorably on these medications, in the goal to reduce ASCVD risk in PWH.

SGLT-2 Inhibitors

Similar to GLP-1 receptor agonists, SGLT-2 inhibitors are recommended in the treatment of
patients with type 2 diabetes and ASCVD, specifically chronic kidney disease and/or
congestive heart failure, by the ADA [25]. This class of medications is associated with
weight loss.

Several CV outcomes trials have demonstrated the benefit of this class of medications in
patients with ASCVD. In the EMPA-REG trial, empagliflozin was associated with a reduced
risk of the composite primary outcome of non-fatal myocardial infarction, non-fatal stroke,
and CV-related death [56]. Similar results were noted in separate trials of dapagliflozin [57]
and canagliflozin [58]. Canagliflozin and dapaglifozin each have a Food and Drug
Administration approved indication for lowering the risk of hospitalization for heart failure
[59], and canagliflozin has also been shown to lower the risk of the composite renal outcome
of end-stage kidney disease, doubling of serum creatinine or renal or CV death [60].
Adverse effects to consider with SGLT-2 inhibitors include the following: increased risk of
diabetic ketoacidosis in patients with type 1 diabetes or those prone to diabetic ketoacidosis
and genital mycotic infections in men and women. Additional reported adverse effects
include necrotizing fasciitis of the perineum and urinary tract infections [59]. In an
observational study of PWH and type 2 diabetes treated with canagliflozin, treatment
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resulted in both a decreased median BMI (-2.01 kg/m?) and median fasting glucose (-42.12
mg/dL) [61].

In a study by Garcia de Lucas et a/, 8 patients with HIV on ART and with diabetes were
treated with canagliflozin, starting at 100 mg daily and increased to 300 mg daily, for 24
weeks. At the end of the study, significant improvements in weight (-6.12 kg) and glycemic
control (-42.12 mg/dl in fasting glucose) were observed, compared to baseline levels. None
of the patients discontinued canagliflozin or required changes to ART [61].

In summary, the benefits of SGLT-2 inhibitors with regards to ASCVD risk reduction should
be weighed against possible adverse effects in the care of PWH.

The ADA recommends the use of insulin for patients 1) with a hemoglobin Alc > 10% or
blood glucose = 300 mg/dL, 2) symptoms of catabolism, or 3) symptoms of hyperglycemia.
Basal insulin can be initiated at a dose of 10 units daily or 0.1-0.2 units/kilogram daily.
Some patients may be candidates for dose titration of basal insulin, for example, to increase
basal insulin by 2 units every 3 days until a goal fasting glucose target is met.

If basal insulin has been titrated to an optimal dose and a patient’s glycemic target overall is
not met, then prandial insulin can be started, usually once daily with the patient’s largest
meal of the day. Additional prandial doses, up to 3 doses total a day, can be added
subsequently to achieve a goal glycemic target. Alternately, for those patients who are
unable to or do not want to take multiple injections of insulin daily, pre-mixed insulin
administered twice daily is an option. Disadvantages of insulin therapy include
hypoglycemia, weight gain [25], and a narrow therapeutic index [62].

Sequence of initiating agents for the treatment of diabetes

As noted above, the ADA recommends metformin as the first-line agent to treat diabetes, in
addition to healthy lifestyle interventions [25]. The AACE also recommends metformin as a
preferred first-line agent, although a GLP-1 receptor agonist or SGLT-2 inhibitor may be
considered instead of metformin in patients with chronic kidney disease or ASCVD or at
high risk for ASCVD [63]. After metformin monotherapy, the ADA’s therapy decision
making-tree assesses the presence or absence of ASCVD, chronic kidney disease, or heart
failure. If ASCVD, chronic kidney disease, or heart failure is present, then a GLP-1 receptor
agonist or SGLT-2 inhibitor is recommended, regardless of glycemic status. If ASCVD,
chronic kidney disease, or heart failure is absent, then subsequent add-on therapy should
take into consideration issues including cost of medication, the need for weight loss, and risk
of hypoglycemia. The recommendations then note that a hemoglobin Alc should be
obtained every 3—6 months to re-assess the need for additional therapy [25], although as
noted above, hemoglobin Alc may not be accurate in PWH. For example, in a patient with
HIV, for whom cost of medications is a concern and who does not have ASCVD, chronic
kidney disease, or heart failure, an appropriate sequence of starting medications may be as
follows: 1) metformin and lifestyle interventions, 2) sulfonylurea, 3) thiazolidinedione, and
4) basal insulin, after taking into account contraindications to these medications and the
patient’s preferences.
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Diabetes-Related Complications

Peripheral Neuropathy

There are several HIV-associated neuropathies, including the most common, HIV-associated
distal symmetric polyneuropathy (HIV-DSP). Risk factors include age and exposure to d4T
[64], which is no longer recommended for use [14].

Distal symmetric peripheral neuropathy is also a known microvascular complication from
diabetes. The ADA recommends an annual comprehensive foot examination in all patients
with diabetes. In those patients with diabetes and known peripheral neuropathy and/or
history of foot ulcer or amputation, the ADA recommends a foot examination at each visit.
Such an examination involves 1) a detailed history, 2) visual inspection, 3) a neurologic
assessment and 4) a vascular assessment of the feet [65]. As such, the clinician caring for
PWH who have diabetes should consider both HIV-DSP and peripheral neuropathy
secondary to diabetes as etiologies for peripheral neuropathy in patients. A referral to
podiatry is recommended for those patients with foot wounds or ulcers.[65]

Retinopathy

Because of an aging general population, the prevalence of visual impairment is predicted to
increase in the United States in the next 30 years, and a major cause of this is diabetic
retinopathy [66]. The ADA recommends a dilated eye examination in patients with type 2
diabetes at the time of diabetes diagnosis [65]. Although opportunistic infection of the retina
(CMV retinitis) was once common in PWH in the pre-ART era, its incidence of this has
decreased markedly with the widespread availability of ART [67,68].

Kidney Disease

Diabetic kidney disease and nephropathy, which includes proteinuria, hypertension, and
reduced renal function, are seen in patients with diabetes, can have multiple etiologies, and
is the main cause of end-stage renal disease in the United States [69]. In addition, both HIV
infection and some ART are associated with kidney disease, and the kidney diseases
associated with HIV infection have changed over the course of the HIV epidemic. For
example, HIV-associated nephropathy was more prevalent in the United States prior to the
ART era. With effective ART, PWH are living longer and are experiencing more age-related
kidney diseases, including diabetic nephropathy. In addition, tenofovir disoproxil fumarate
(TDF) has been associated with renal tubular dysfunction and chronic kidney disease [70]. It
should be noted that proteinuria is associated with HIV status, even in those without diabetes
and may be related to systemic inflammation [71].

To screen for kidney disease in PWH before and after ART initiation, current guidelines
recommend obtaining 1) a basic chemistry and urinalysis at the start of care and at the time
of ART initiation, 2) a basic chemistry alone 2 to 8 weeks after ART initiation, every 6
months, and if clinically indicated, and 3) a urinalysis every 6 months if on TDF or every 12
months and if clinically indicated [14]. The ADA recommends obtaining a urine
microalbumin to creatinine ratio and an estimated glomerular filtration rate yearly in patients
with type 2 diabetes [65].
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Macrovascular disease

CV disease is a major cause of mortality in people with diabetes [72]. In addition, PWH
have a greater risk for developing CV disease compared to the general population. CV risk
factors, both traditional, including diabetes, and non-traditional, including inflammation, are
seen in PWH.

The American College of Cardiology (ACC) considers HIV infection to be a risk-enhancing
clinical factor that should be taken into account when determining a patient’s CV risk. For
example, if a patient with HIV is found to have an intermediate 10 year of CV disease (=
7.5% to < 20%) using the Pooled Cohort Equations calculator, the knowledge that HIV
infection is a risk-enhancing factor can better inform the join decision between clinician and
patient to start a moderate intensity statin.

As noted above, a mainstay of primary CV disease prevention is statin therapy. However, no
trial data specifically focused on statins and their effect on primary prevention in PWH have
been published to date. The ongoing prospective REPRIEVE study was designed to answer
this question, i.e., the effect of pitavastatin on primary CV disease prevention in PWH, and
is ongoing [73]. Statin-ART interactions should also be taken into consideration in the
patient-clinician decision to initiate statin therapy. For example, with regards to protease
inhibitor (PI) use, atorvastatin should not exceed 20 mg daily when administered with the PI
darunavir and the pharmacokinetic enhancer cobicistat (DRV/c). No dose adjustment is
needed with pitavastatin in co-administration with Pls, NNRTIs, or INSTIs [14].

In summary, both diabetes and HIV infection are CV disease risk factors. Although no
published randomized trials have focused on statin use and primary CV disease prevention
in PWH, current recommendations based on general population studies note that statin use is
indicated in those patients at high risk for CV disease and should be considered in those at
intermediate risk and with a risk enhancer present.

Conclusions

Each aspect of diabetes care in PWH is distinct from diabetes care in the general population.
In the screening and diagnosis of diabetes in PWH, hemoglobin Alc should be avoided as it
is an inaccurate measurement in PWH, and plasma glucose measurements should be used
instead. Anti-diabetes medications should be initiated and adjusted based on the type of
ART a patient is taking because of potential interactions with ART. The use of general
population CV risk calculators do not include HIV infection as a risk factor, which should be
taken into consideration in the decision to start a statin. Finally, PWH are at risk for
microvascular complications that can also be seen in the context of diabetes so appropriate
surveillance is warranted.
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