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Article Synopsis

As the modern era of combination antiretroviral therapy has increased life expectancy for HIV

infected individuals, Type II Diabetes Mellitus (DM) and disorders of glucose metabolism have

emerged as an important issue in the care of this population. Multiple mechanisms, both specific

and nonspecific to HIV, underlie a significant prevalence. While best practice diagnostic testing

remains unclear, the risks associated with diabetes in the setting of HIV are well characterized,

ranging from organ-specific damage to socioeconomic decline. Population specific treatment data

is limited, and thus current guidelines serve as a basis for ongoing management.
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The landscape of HIV care has changed dramatically in the last 10 years. While the advent

of combination antiretroviral therapy (cART) has saved an estimated 14 million life-years in

low- and middle-income countries, it has also altered the natural history of HIV infection.

Numerous studies have demonstrated that, as HIV patients gain control of the disease (as

measured by viral load below the limit of detection and rising CD4 count), there is a parallel

rise in chronic medical illness. (1). A recent study from Kim et. al.(2) observed that 2/3 of a

treated HIV-infected cohort had the presence of multimorbidity, or the clustering of two or

more chronic medical illnesses. These diseases, including cardiovascular disease and
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diabetes, are not benign, and collectively contribute to the decreased life expectancy of HIV-

infected patients on treatment.

Diabetes mellitus (DM) and disorders of glucose metabolism are increasingly common in

the US and impact morbidity and cardiovascular disease in all populations, including

persons living with HIV. In 2011 the American Diabetic Association estimated 25.8 million,

or 8.5% of the United States population, carry a diagnosis of type 2 DM. Pre-diabetes,

defined by a fasting glucose of 100–126 mg/dl or a hemoglobin A1c level of 5.7–6.4%,

affects an additional 79 million Americans. While lifestyle associated risk factors are

thought to be the main progenitor of this epidemic, HIV-infected patients with disorders of

glucose metabolism have established a divergent and multifactorial pathogenesis compared

to their non-infected counterparts. In addition to traditional risk factors such as obesity, both

direct and indirect effects of cART medication, HIV-associated conditions such as Hepatitis

C and opiate drug use, and the HIV virus itself have been proposed as mechanisms of

hyperglycemia and diabetes in this context (see Figure 1).

DM is a systemic disease, and carries risk for HIV-infected patients beyond cardiovascular

disease. Disorders of glucose metabolism in this population have been associated with

increased prevalence and worsened outcomes in a diverse array of conditions ranging from

neurocognitive changes to renal impairment and albuminuria. Hence, the diagnosis and

treatment of this condition represents a potential wide net of impact on general health.

Diabetes is an emerging issue in the HIV-infected population that is important to

characterize as the clinical course of HIV changes. This review will seek to discuss (1) the

epidemiology of DM in HIV; (2) the proposed mechanisms of glucose intolerance; (3)

challenges in diagnosis; (4) associated health risks; and (5) current treatment strategies.

Epidemiology

As the use of cART spread in the late 1990s, there was early recognition that disorders of

glucose metabolism were linked to cART. Early studies evaluated this in the context of

specific medications such as protease inhibitors, and emerging conditions such as

lipodystrophy.

Calza et. al.(3) evaluated the prevalence of DM and metabolic syndrome in an observational

cohort of 775 HIV-infected patients on cART seen in an Italian clinic between July-

September 2009. Diabetes was diagnosed through one time fasting blood glucose >126

mg/dl, random glucose >200 mg/dl, or history of hypoglycemic medications. The prevalence

of DM was 4.5%, impaired fasting glucose was 9.4%, hyperinsulinemia was 11.9%, and

metabolic syndrome was 9.1%. There were no significant differences found in type of

cART, presence of liver disease, cholesterol levels, or blood pressure measurements

between diabetic and non-diabetic patients.

Similarly, Galli et. al.(4) conducted a cross sectional investigation of 4,249 HIV-infected

clinic patients and 9,148 healthy controls Diabetes was diagnosed using fasting blood

glucose >126 mg/dl, reported history of DM, or prescription of hypoglycemic medication.

The prevalence of DM was 4% compared to 2.5% within the non HIV-infected population.
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In 1999 a large, multinational cohort was established to prospectively evaluate potential

adverse effects of cART. The Data Collection on Adverse Events of Anti-HIV Drugs

(D:A:D) cohort of 33,389 HIV-infected patients found the prevalence of diabetes, defined

by fasting glucose > 126 mg/dl on two separate readings, physician record or antidiabetic

therapy, was 2.85% at entry to study.(5)

Taken together, a conservative estimate from largely European cohort data estimates the

prevalence of diabetes among HIV-infected patients at 3–4%. It should be noted that these

study populations were overwhelmingly male, relatively young, with limited ethnic and

racial diversity. Previous data from the Multicenter AIDS Cohort Study (MACS), which

evaluated 533 HIV-infected men and contemporary uninfected controls from multiple US

cities between 1999–2003, found an overall prevalence of DM of 14% in HIV vs. 5% in the

non-infected control group.(6) The higher prevalence may be related to the definition of

diabetes, which included fasting glucose >126 mg/dl as well as self-report, and that the body

mass index (BMI) tended to be higher than other cohorts. Numerous demographic and social

factors which contribute to DM prevalence should be taken into account, but in the studies

that included matched uninfected subjects as a comparator group, the prevalence of diabetes

was increased among those with HIV.

Of note, Capeau and colleagues (7) determined the incidence of DM in a cohort of 1046

HIV-infected patients prospectively followed between 1999 and 2009 as they started cART.

While the overall incidence was 14.1 cases per 1000 person-years (py), there was a trend for

the incidence of DM to decline over time. For example, in the period between 1999–2000,

the incidence was 23.2/1000 py, whereas it was as low as 2.7 cases/1000 py in the period of

2005–2006. Elements of cART, as well as traditional risk factors such as age, BMI, and

waist-to-hip ratio were associated with incident DM, but the decline in incidence over time

may reflect changes in cART practices and the development of less toxic cART alternatives.

In the US, diabetes is known to disproportionately affect those of African-American,

Hispanic, and Native American descent. Within the HIV-infected diabetic population, data

on the influence of race and ethnicity are limited. The aforementioned studies of prevalence

consist largely of white men, limiting the power to evaluate association with minority race.

Adeyemi et. al.(8) utilized the Women’s Interagency HIV Study data, a prospective study of

predominantly African American and Hispanic HIV-infected and matched HIV-uninfected

women from multiple US cities, to evaluate factors related to insulin resistance. In this

report of non-diabetic women (754 HIV-infected and 328 uninfected), there was a higher

rate of insulin resistance as measured by HOMA-IR among Hispanic women, but no

difference in insulin resistance by HIV status. Hispanic race remained a significant

associated risk factor for HOMA-IR ≥ 2.6 after adjusting for age, BMI, hepatitis C infection

and protease inhibitor use. Further studies are necessary to further outline the impact of race

and ethnicity on the prevalence of diabetes in the HIV-infected population.

Mechanisms

Despite the contribution of several mechanisms of pathogenesis unique to HIV, traditional

risk factors play a significant role in the development of diabetes in the HIV-infected
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population. While studies have demonstrated a lower BMI in HIV-infected patients with

diabetes compared to non-infected matched cohorts,(9) the association between DM and

obesity persists in HIV. For example, Galli et. al.(4) found the prevalence of DM in those

with normal BMI was 3.2% in HIV patients and 1.1% in HIV uninfected. However, in the

overweight and obese categories, DM prevalence rose to 3.9% and 12.7% among HIV-

infected patients compared with 3.1% and 7.8% respectively in HIV-uninfected patients.

Similarly, the D:A:D cohort demonstrated an increase in relative rate of new-onset DM with

increasing weight category.(10) Obesity in HIV will be discussed as a separate topic for this

journal, but the association between obesity and diabetes, as in non-infected patients, is

strong.

Similarly, genetics appear to contribute in the development of diabetes in HIV. Recent

genomic studies have established a number of common single nucleotide polymorphisms

(SNPs) associated with diabetes in the general population. Rotger et. al.(11) evaluated 22

SNPs associated with the development of DM in 94 patients with diabetes in the Swiss HIV

Cohort and in 550 HIV-infected non-diabetic controls. Four common SNPs were found to

influence DM risk, and this association became stronger as the number of risk alleles

increased. Further, the relative contribution of genetic variation and other risk factors to the

development of diabetes was assessed; SNPs accounted for 14% of DM risk variability,

whereas cART exposure accounted for 3% and age 19% of the variability in DM. This

emerging area of research highlights the importance of non-HIV risk factors in the

pathogenesis of DM in HIV.

Various studies investigated ART naïve populations in order to assess any inherent

connection between the HIV virus and development of glucose disorders. Unfortunately, the

available data do not suggest a clear answer. Brown et. al.(12) evaluated cumulative

exposure to cART and markers of insulin resistance in 533 HIV positive men of the MACS

cohort, and found that ART naïve patients demonstrated a lower QUICKI score (−0.04; 95%

CI −0.07–0.01) as well as higher odds of fasting hyperinsulinemia (1.08 OR; 95% CI 1.02–

1.13). However, this relationship was not born out in subsequent studies. Galli et. al.(4)

found HIV-infected patients who were ART naïve had a lower prevalence of diabetes

(0.8%) compared to HIV-infected patients on therapy (4%), or uninfected comparison cohort

(2.5%).

One proposed pathway for the influence of HIV on diabetes and glucose is through

generalized inflammation, with upregulation of chemokines involved in insulin regulation.

For example, Brown et. al.(13) found that higher markers of TNF-α activation after 48

weeks of cART was associated with increased odds of subsequent diabetes after adjustment

for age, BMI, CD4 count, and type of cART. However, conflicting data provide no

definitive conclusion to this hypothesis. More studies have focused on the relative

contribution of cART to the incidence of diabetes in HIV.

In the D:A:D cohort, DeWit et. al.(5) found that cumulative exposure to cART carried an

adjusted relative risk of 1.11 per year (95% CI: 1.07–1.15, p=0.0001). Exposure to the

specific nucleoside reverse transcriptase inhibitor (NRTI) stavudine was associated with an

increased risk of diabetes (RR 1.19 per year exposure; 95% CI: 1.15–1.25, p=0.0001), as
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were didanosine and zidovudine, but to a lesser extent. In another large prospective trial,

Capeau et. al.(7) found stavudine use was associated with a significant increase in hazard

ratio for DM, peaking in the second year of use (HR 2.81 95% CI: 1.4–5.64, p=0.004). The

protease inhibitor indinavir was also associated with increased hazard ratio of 2.55 (95% CI:

1.36–4.79) although this declined in the subsequent years of use. Utilizing the MACS

Cohort, Brown et. al.(12) also found stavudine exposure was associated with significantly

lower QUICKI value and increased risk of hyperinsulinemia; lamivudine and indinavir

exposure demonstrated similar results. The WIHS (14) study found that NRTI exposure was

associated with a higher median HOMA compared with no NRTI in a cohort of HIV-

infected women and uninfected controls. Each additional year of NRTI use was associated

with a 2% increase in median HOMA. Median HOMA increased 6% per year of stavudine

exposure. No significant relationship between markers of insulin resistance and exposure to

lamivudine, zidovudine, abacavir, tenofovir were identified, nor did they find any significant

relationship with PIs or NNRTIs as classes of antiretroviral therapy.

Overall, data support an increased prevalence of diabetes among HIV-infected patients

treated with stavudine, with mixed data regarding indinavir and other agents. Observed

discrepancies may be attributed to changes in cART prescribing practices over time, with

more recent studies reporting less use of a first generation PIs and thymidine analogues. For

initiation of HIV therapy, current treatment guidelines do not include the described agents

implicated in diabetes and insulin resistance. However, observations regarding risk

associated with agents such as stavudine remain applicable, as it continues to be utilized in

resource limited settings globally. Future studies will be needed to reevaluate the influence

of contemporary antiretroviral treatment practices on diabetes and glucose metabolism in the

modern era of antiretroviral therapy.

Side effects of cART such as lipodystrophy and hyperlipidemia play an important role in the

association between diabetes and HIV, and will be addressed directly in other sections of

this review. Other conditions known to occur with increased frequency in HIV-infected

patients have also been found to influence the development of disordered glucose

metabolism. For example, opioid use is common in HIV-infected patients, and has been

linked to aberrant glucose metabolism in animal studies. In an investigation of women with

or at risk of HIV by Howard and colleagues, opiate use was associated with increased

prevalence of DM amongst past opioid users (18% vs. 9%) as well as current opioid users

(15% vs. 10%), independent of multiple factors including Hepatitis C infection.(15) Opiate

use in the cohort was also associated with an increased incidence of diabetes during the

period of 2000–2006.

This study also found a higher prevalence of diabetes among hepatitis C co-infected patients

(16% vs. 10% among those without hepatitis C), a finding which has been identified in other

studies of both HIV-infected and uninfected populations. This is thought to be mediated by

hepatic steatosis and liver fibrosis, with resultant insulin resistance. In a cross sectional

study among 432 HIV-monoinfected patients, DallaPiazza et. al.(16) identified liver fibrosis

estimated by APRI (AST to platelet ratio, where score of >1.5 is predictive of significant

liver fibrosis) in association with diabetes. While the overall prevalence of DM was 8%, this

increased to 17% in patients with APRI > 1.5. While the design and sample size cannot
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establish causality, diabetes was the most significant risk factor associated with fibrosis. The

authors suggest that liver fibrosis, independent of viral hepatitis, may be prevalent in HIV

monoinfected patients, with important implications in the risk of diabetes.

Taken together, the above data demonstrate the wide array of pathogenesis in the

development of insulin resistance and diabetes in HIV. Though multifactorial, the disease is

related to known demographic risk factors, in particular age, obesity, and genetic variants,

but specific medications such as stavudine, and associated conditions such as lipodystrophy,

opiate use, and liver fibrosis are also contributory for many patients.

Diagnostics

The definition of DM in the aforementioned studies demonstrates the variability of

diagnostic criteria available today, and may underlie the differences in prevalence and

incidence among various cohorts. The current American Diabetes Association guidelines

underscore that either fasting blood glucose, hemoglobin A1c, oral glucose tolerance test

(OGTT), or random glucose with classic symptoms of hyperglycemia can be performed to

diagnose diabetes (17). For the first three strategies, outside of unequivocal hyperglycemia,

repeat testing should occur for confirmation. Interval testing is recommended to occur every

three years. The only group of distinction remains pregnant women, for whom OGTT is the

diagnostic test of choice. Studies have evaluated the performance of diagnostic strategies in

the setting of HIV, but optimal diabetes screening guidelines have not been established

specifically for HIV-infected patients.

One study determined the proportion of incident DM cases among 377 HIV-infected or at-

risk adults using fasting and OGTT 120 minute glucose levels tested a year and half apart.

(18) Of those diagnosed with DM during the study, 44% were detected only by a fasting

plasma glucose, 31% were detected only by the 120-min plasma glucose level on OGTT,

and 25% were detected by both tests, with no difference between HIV and non-infected

patients. A similar pattern of detection was found for diagnosis of prediabetes. The authors

conclude that given 1/3 of diabetes cases were detected only by use of OGTT, performing

fasting glucose alone may miss a significant number of individuals with diabetes.

Recently, Tien et. al.(19) also explored the effect of definition on case detection of DM,

using the WIHS cohort. The researchers used three definitions of diabetes: one (I) being the

measures (FBG >126 mg/dl, reported DM diagnosis or medications for hyperglycemia)

utilized by most of the large cohort studies, two (II) including a second confirmatory fasting

blood glucose, and three (III) including a HgbA1c of >6.5%. The results demonstrated the

highest case detection for definition I, with an incidence rate of 2.44 per 100 person-years in

the HIV infected population, and 1.89 per 100 person-years in the uninfected comparison, a

difference of 1.2 fold. While the greatest prevalence in both infected and non-infected

patients was seen with single fasting glucose >126 mg/dl, the addition of confirmatory

testing or an HgbA1c level increased the accuracy of diagnosis and only slightly attenuated

the association between DM and HIV.

In a retrospective chart review of 395 HIV-infected, primarily black and Hispanic men,

Eckhardt et. al.(20) compared elevated fasting blood glucose with HgbA1c. Using fasting
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blood glucose as the gold standard, investigators found that the sensitivity of HgbA1c was

poor at 40.9%, but specificity high at 97.5%; peak sensitivity and specificity was found at a

HgbA1c cutoff of 5.8%. This investigation and others have noted that elevations in MCV in

patients with HIV tend to underestimate glycemia when using HgbA1c.(9) Despite these

observations, HgbA1c can be used in conjunction with FBG for clinical decision making.

Overall, there are no specific recommendations for diabetes surveillance or testing in the

context of HIV infection. For practical purposes, most investigations conclude that fasting

blood glucose as well as HgbA1c are the diagnostic tests of choice, and that there is not

enough evidence in the HIV population to recommend for or against either strategy. The

recently updated Infectious Disease Society of America (IDSA) primary care guidelines

recommend fasting glucose and/or HgbA1c, and suggest consideration of a 5.8% HgbA1c

threshold cutoff (21). The IDSA guidelines also recommend testing every 6–12 months in

HIV-infected patients, which does deviate from the ADA recommendations for the general

population to screen every three years. Currently, there is insufficient evidence to

recommend an ideal time interval, especially as the only study which addressed this used the

oral glucose tolerance test. However, given the prevalence of diabetes in HIV, this

additional guidance can be employed in conjunction with clinical evaluation.

Effects

Diabetes is a systemic illness with well-established, targeted end organ effects. In the setting

of HIV, strong data supports the association between diabetes and the risk of cardiovascular

disease. In a study utilizing the D:A:D cohort, Worm et. al.(22) investigated the predictive

value of preexisting DM and heart disease for subsequent cardiac events in the context of

HIV infection. Of the 33,347 patients enrolled, the prevalence of diabetes was 2.9%, and the

prevalence for heart disease was 1.1%. There were 698 incident cardiac events (incidence of

4.4 per 1000 person years). These events were divided into four risk categories: previous

heart disease alone, diabetes alone, both prior CHD (coronary heart disease) and DM, and

neither diagnosis. While previous cardiac disease had a stronger relative risk (RR 9.04, 95%

CI: 7.1–11.49) than diabetes (RR 3.03, 95% CI: 2.34–3.93) for incident cardiac events, their

combined effect was substantial (RR 11.66 with 95% CI: 7.42–18.3). In this cohort of

mainly 30–40 year old adults, the average length of diabetes diagnosis was only five years,

which may be insufficient time for resultant vascular damage to occur. In a subanalysis, the

risk of heart disease increased with longer duration of diabetes, highlighting the potential for

a stronger relationship with extended clinical follow up. Additionally, the study noted the

high prevalence of cardiac risk factors such as tobacco use, which is often over-represented

among HIV-infected populations. A study by Calvo-Sanchez et. al.(23) further illustrates

these findings. This retrospective chart review utilized two parallel case-controls to evaluate

the rate of acute coronary syndrome (ACS) in HIV, with matched populations of HIV-

infected patients without ACS, HIV-uninfected patients with ACS, and healthy volunteers.

While the population attributable risk (PAR) of diabetes was 6.57 (95% CI: −8.87–16.96),

smoking held the largest fraction, with a PAR 54.35 (95% CI: 29.33–70.51), which was

significantly larger than that observed in the HIV-uninfected population.
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The effects of diabetes in cardiovascular health potentially extend beyond incidence of

cardiac events. In a study by Lorgis et. al.(24), data from a French database of 277,303

patients with acute myocardial infarction (MI) was separated into parallel cohorts of HIV-

infected and uninfected patients. After one year of follow-up, multiple post-MI

complications were followed including hospitalizations, heart failure, and recurrent MI. A

diagnosis of diabetes was associated with an increased risk of heart failure, with an odds

ratio of 5.34 (95% CI: 2.39–11.9) within this period. Similarly, in the HIV-HEART study,

Reinsch et. al.(25) investigated the prevalence of diastolic dysfunction, a potential early

marker of coronary artery disease, in a cross-sectional cohort of 698 HIV-infected patients.

Patients with diabetes were found to be four times as likely to have diastolic dysfunction,

despite a prevalence of only 2% in the study population.

While cardiac disease is an important contributor to mortality in persons living with HIV,

liver disease also disproportionately affects this population. Much of this is related to co-

infection with Hepatitis C and B. However, significant liver abnormalities have also been

found in HIV-monoinfected patients, and diabetes may play a role in modulation of this. As

noted previously, DallaPiazza et. al.(16) showed that HIV-infected patients with a diagnosis

of diabetes were three fold times more likely to have an APRI score indicative of liver

fibrosis compared to those without diabetes. While data were not collected on potential

confounders such as cART and other hepatotoxic medications, this study sheds light on

important interplay between diabetes and liver disease in HIV.

Renal disease is also a significant risk in the HIV-infected population, and the presence of

diabetes appears to have an additive affect. To assess the interaction between diabetes and

development of chronic kidney disease (CKD), Medapalli et. al.(26) measured progression

to GFR < 45 mL/min/1.73m2 using data from the large Veterans Aging Cohort Study. The

presence of both HIV and DM was associated with a hazard ratio of 4.47 (95% CI: 3.87–

5.17) for development of CKD. In a subgroup of 7328 with HIV infection, excluding those

with acute or chronic renal injury, the incidence of progression to CKD was 9.7%, and

diabetes was associated with a hazard ratio of 1.78 (95% CI 1.49–2.12), representing a

stronger association with development of CKD than use of cART, HIV RNA, or CD4 count.

The additive effect of DM and HIV is also seen in earlier measures of renal disease, such as

albuminuria. In a cross sectional study of HIV-infected patients with and without diabetes,

and matched uninfected controls with diabetes, Kim et. al.(27) identified a high prevalence

of albuminuria in HIV-infected diabetics (34% HIV/DM vs. 13% HIV vs. 16% DM). The

association with HIV and DM remained significant when a multivariate model controlled for

multiple potential confounders including age, race, blood pressure, gender, BMI, and

ACE/ARB use. These studies demonstrate that the untoward effects of DM in the context of

HIV infection may contribute to renal dysfunction and chronic kidney disease.

One of the most common complications of uncontrolled DM in the general population is

peripheral neuropathy. In the HIV population, this relationship is confounded by the

independent risk of HIV- and cART-mediated neuropathy. In an AIDS Clinical Trials Group

study of neuropathy,(28) 2141 patients who initiated cART from 2000 to 2007 were

followed to determine the prevalence and risk factors for peripheral neuropathy in HIV.

Throughout the evolution of treatment, both before, during and after discontinuation of
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neurotoxic cART, diabetes remained positively associated with symptomatic and

asymptomatic neuropathy. These investigators subsequently showed that use of glucose

lowering therapies was protective against neuropathy and its progression in HIV-infected

patients.(29) The impact of diabetes and insulin resistance on the nervous system may also

apply to the brain and cognition. To examine the relationship between HIV neurocognitive

disorder and metabolic variables, McCutchan et. al.(30) completed a cross-sectional

substudy of 130 HIV-infected patients. In the population aged > 55 years, those with

neurocognitive impairment (defined as a global deficiency score of > 0.5) were more likely

to have a concomitant diagnosis of DM (52.4% vs. 29.9%, p= 0.05)

The above studies support the idea that diabetes is a significant risk factor for organ system

dysfunction the context of HIV. Yet the implications of diabetes in the HIV infected

population may also extend to psychosocial factors. A study by Dray-Spira et. al.(31),

evaluated the risk of work cessation in a cohort of persons living with chronic HIV

infection. They found that one third of patients stopped working within five years of their

HIV diagnosis. Looking at multiple risk factors, diabetes was associated with a hazard ratio

of 5.6 (95% CI 1.5–18.5, p<0.005), while HIV disease severity and HIV discrimination had

no significant relationship with work cessation. The authors concluded that comorbid

conditions such as DM constitute a major barrier to retained employment in French HIV-

infected patients.

Taken together, these studies demonstrate the widespread impact of diabetes as a risk factor

for multiple pathways of morbidity and mortality in the HIV infected population.

Treatment

Currently, there are no randomized control trials of diabetes treatment specific to patients

with HIV infection. Multiple studies have analyzed the use of thiazolidinedione (TZD)

medication in the setting of lipodystrophy, with improvements seen in measures of insulin

resistance. However, given the declining prevalence of lipodystrophy along with proposed

increase in cardiac risk with use of TZDs, application beyond this clinical setting is not

currently recommended. Similarly, switching classes or specific combinations of

antiretroviral therapy in the absence of stavudine or indinavir induced hyperglycemia has

not been shown to improve measures of insulin resistance.

Despite the lack of clinical data regarding various treatment options, several studies have

looked at the efficacy of overall diabetes treatment and management in the HIV-infected

population. Satlin et. al.(32) completed a retrospective cross sectional study of 142 HIV-

infected adults with type 2 DM. They found that one third of patients had inadequate

glycemic control, as defined by HgbA1c > 7.5 for more than six months over the year.

While most uncontrolled patients were on insulin (60% vs. 20%, p < 0.001), this may simply

reflect that insulin initiation is in part triggered by measures of A1c. The overall frequency

that ADA clinical goals were achieved was poor, with approximately 30% who met HDL

and TG goals, and 40% who met blood pressure goals. A study set in a Malawi diabetes

clinic discovered similar findings. Cohen et. al.(33) analyzed 620 patients, separating

outcomes between HIV infected and non-infected patients. HIV diabetes patients had similar
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poor control to their non-infected counterparts, with an average HbA1c of 9.0% vs. 9.5%

respectively. In short, HIV-infected patients appear to have a similar profile of disease

control compared to their non-infected counterparts. However, it should be noted that this is

a poor level of control, and given the additive effects of diabetes in the setting of HIV,

carries an additional layer of risk.

As such, the current ADA guidelines serve as the basis for ongoing management of DM in

the HIV-infected population. Further studies are needed to assess the question of optimal

therapeutics.

Conclusions

Successful screening, diagnosis, treatment, and management of diabetes has emerged as an

important component of HIV care. HIV cohort studies estimate the prevalence of diabetes at

3–4% amongst HIV-infected individuals. Studies on the impact of ethnicity and race on this

prevalence are limited.

As in the general population, traditional risk factors such as age, BMI, and genetics play a

significant role in development of diabetes in persons living with HIV. However, multiple

other mechanisms contribute to the pathogenesis of DM in HIV-infected patients.

Antiretroviral agents, as well as drug effects such as hyperlipidemia and lipodystrophy, have

been associated with increased incidence of diabetes. HIV is a risk factor for other

conditions such as opiate use and liver fibrosis and steatosis; in these groups diabetes is

found in increased prevalence.

The diagnosis of diabetes in HIV can be made using both fasting blood glucose as well as

HgbA1c, as current studies do not favor a specific diagnostic strategy. Recognition and

diagnosis is necessary, however, given the far ranging health effects associated with diabetes

in this population. Increased rates of cardiovascular disease and cardiac complications have

been found in HIV-infected patients with diabetes. Diabetes in HIV has also been associated

with worsened liver disease, measures of chronic kidney disease, and increased rates of

unemployment.

There are currently no studies comparing diabetes treatment strategies in the setting of HIV,

and as such, current ADA guidelines serve as the guiding tool for treatment. Future research

should address this knowledge gap, and address specific subpopulations related to HIV, such

as those with advanced liver disease. In addition, the recently updated HIV treatment

guidelines demonstrate the rapidity of turnover in cART recommendations. As HIV

treatment practices evolve, recurrent studies of diabetes prevalence are necessary to

recalibrate the scope of this issue.
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Figure 1.
Schema for the multifactorial HIV-specific mechanisms responsible for insulin resistance

and diabetes in persons with HIV infection

Hadigan and Kattakuzhy Page 13

Endocrinol Metab Clin North Am. Author manuscript; available in PMC 2015 September 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript


