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After the introduction of highly active combined 
antiretroviral therapy (cART) at the end of the last 
century, the life expectancy of HIV-infected patients, 
at least in Western countries, changed in a spectacular 
and welcome fashion. In the space of a few months, 
hopeless clinical pictures became treatable, if not 
curable, and the typical HIV+ patient today is an 
individual with a long-term future of chronic treatment 
with several different antiretroviral agents. 
Like other deadly diseases, in which treatment, but not 
cure, was found, after a few years of great enthusiasm, 
several concerns have arisen regarding the quality of 
these invaluable years of added life, as well as the unto-
ward effects of long-term exposure to cART (1).
This brief review will summarize some data pointing 
to a heightened risk of type 2 diabetes in the HIV+ 
cART treated patient and discuss its potential clini-
cal implications. Firstly, some aspects regarding high 
risk conditions for type 2 diabetes in HIV-subjects are 
outlined for an in-depth understanding of the peculiar 
situation of the HIV+ patient on cART.

High risk condition for type 2 diabetes in HIV 
individuals
The list of at-risk conditions for type 2 diabetes is very 
long, but four conditions are particularly common and 
relatively simple to detect: positive family history for 
type 2 diabetes, previous gestational diabetes, central 
obesity/metabolic syndrome and pre-diabetes, the lat-
ter defined as either impaired fasting glucose (IFG) or 
impaired glucose tolerance (IGT) or both (2). The first 
two conditions are not modifiable, and largely, if not 
primarily, are surrogate indexes for genetic risk of dia-
betes. The last two conditions are promptly recogniz-
able disorders amenable to efficacious interventions.
Most epidemiologic studies have found metabolic syn-
drome a strong risk indicator of the development of 

diabetes (3), with an increased risk of approximately 
threefold over the background population. In the 
population-based Bruneck Study we observed that, 
over five years, the risk of diabetes was increased 
~3-fold by overweight, ~10-fold by obesity, ~7-fold 
by IFG and ~4-fold by IGT (4). Importantly, these risk 
indicators are additive, so that the obese individual 
with both IFG and IGT has a diabetes risk increased 
by more than 20-fold.
From the pathophysiological viewpoint, type 2 
diabetes risk conditions are usually hallmarked by 
both deficient beta-cell function and reduced insulin 
sensitivity (5). This idea has found some difficulties in 
being elaborated and accepted over the years because 
it is inhrerently difficult to judge the adequacy of a trait 
(beta-cell function) which is physiologically linked to 
insulin sensitivity by a homeostatic negative feedback 
(6). In addition, when compared to insulin sensitivity, 
assessments of beta-cell function have suffered from 
a slower pace of technological improvements and 
a greater difficulty of the scientific community in 
correctly understanding their significance (7). Current 
consensus holds that, while both defects can be 
detected even when the prediabetic individual still 
has normal glucose regulation, the decline in beta-
cell function is a much better pacemaker of ongoing 
deterioration in glucose regulation (5). In this regard, 
studies in homozygous and heterozygous twins have 
demonstrated that heritability, and hence genetic 
influence, is greater for beta-cell function than for 
insulin sensitivity (8). Not surprisingly, the recent 
results of genome-wide association studies have 
identified many diabetes risk alleles, most of which 
belong or are located close to genes putatively labeled 
as “beta-cell genes” (9).
This evidence has been overemphasized in the domi-
nating concept that type 2 diabetes is essentially a 

AbstrAct
Some antiretroviral agentsinduce profound metabolic changes which may result in lipoatrophy/lipodystrophy, metabolic syn-
drome, type 2 diabetes and related disorders. The evidence linking antiretroviral therapy to enhanced risk of type 2 diabetes in the 
HIV+ patient on cART is reviewed and the potential relations with cardiovascular risk are highlighted. Current options in diabetes 
preventative therapy are also examined.
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disease of the beta-cell (2). This is incorrect. The 
current explosive pandemics of type 2 diabetes (10) 
are not due to a change in the genetic pool of Homo 
sapiens sapiens, but to undesirable effects of envi-
ronmental changes, of which the primary and central 
biologic transducer is insulin resistance. Vulnerability 
of beta-cell function, be it genetic or acquired or both, 
is a necessary condition, but for most patients, not a 
sufficient one, to develop type 2 diabetes, unless and 
until insulin resistance supervenes.

The overflow hypothesis and type 2 diabetes in HIV 
individuals
There are a number of different elaborate biologic 
schemes which aim to offer a biologic account of the 
diffusion of metabolic syndrome, type 2 diabetes and 
other related conditions. The overflow hypothesis 
stands among the most convincing ones (11).
The heart of this construction is an imbalance between 
the capacity of the storage sites (adipose cells and 
tissue) and the amount of lipids (calorie excess) to 
be stored (Figure 1). This imbalance results in an 
overflow (whence the name) of some biologically 
active substances from the adipose tissue. At least four 
factors are responsible for this imbalance: maximum 
number and volume of adipocytes (at least partially 
influenced by the genome) and extent and duration 
of calorie excess. 
The overflow of substances from adipocytes is com-
pounded not only 
by lipids but also by 
c y tokines/adipok-
ines, which are pro-
duced and released 
in altered amounts 
by hypertrophic adi-
pocytes (12). To this 
overflow contrib-
ute macrophages, 
and possibly other 
immune cells, which 
infiltrate the adipose 
tissue of overweight/
obese people (13-15). 
Lipids are stored in 
ectopic sites (liver, 
muscle, endocrine 
pancreas, vessels…) 
and trigger lipotox-
icity and lipoapop-
tosis (11). In turn, 
cytokines, such as 
interleukin-6 and 
TNF-alpha, cause 
several dysfunctions 
in tissues/organs 
other than adipose 
tissue. The combined 
action of lipids and 
cytokines in differ-
ent organs may give 
rise to different phe-
notypes: for example, 
non alcoholic fatty 
liver disease in liver, 
atherosclerosis in 
large conduit arteries 

(11). Mitochondria are cell organelles which appear 
particularly sensitive to the dysfunctional action of 
cytokines. Mitochondrial damage plays important 
roles in decreasing insulin sensitivity and altering 
beta-cell function (16, 17).
Of this complex pathophysiologic circuitry, briefly 
outlined herein, (central) obesity results in being more 
a phenotypic indicator than a pathogenetic factor per 
se (Figure 1). Likewise, much of the role played by 
aging in diseases related to insulin resistance is likely 
to be due to the age-associated decline in mitochon-
drial number/function in several tissues (16). 
Thus, the overflow hypothesis displays a peculiar 
potential to reconcile and coordinate many apparently 
sparse observations into a unified picture (Figure 1) 
covering the entire spectrum of organ damage from 
beta-cell failure in type 2 diabetes to insulin resistance 
in peripheral tissues, NAFLD, and atherosclerosis.

Prediabetic phenotypes and risk of type 2 diabetes 
in the HIV+ patient
The contemporary HIV+ patient often has been on 
cART for a number of years with exposure to a 
variable number of drug classes and individual drugs. 
Seminal observations have highlighted multiple unto-
ward effects of cART, including, but not limited to, 
lipoatrophy/lipodystrophy (18), serum lipid abnor-
malities (19) and metabolic syndrome (20).
As to type 2 diabetes, the multiple peculiarities of 
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Figure 1. An oversimplified scheme of the “overflow” hypothesis. Calorie excess and 
specific genetic variants make adipocytes unable to cope with the lipid loads to be 
stored. “Overflow” of lipids and cytokines takes place, putting in motion lipotoxicity 
and lipoapoptosis on the one hand and causing mitochondrial damage on the other. 
Mitochondrial damage, in turn, is also target of the aging process, the vulnerability 
to which may also have a genetic basis. Target organ damage occurs in liver, muscle, 
beta-cells and large conduit arteries, with corresponding clinical manifestations of 
non-alcoholic fatty liver disease, insulin resistance, type 2 diabetes and atherosclerosis, 
respectively. (Central) obesity is the most easily detectable clinical indicator of the acti-
vation of this complex pathogenetic process.
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HIV+ patients on cART make it difficult to be very 
accurate in pinpointing if and, above all, to what extent 
their diabetes risk is increased (21). Data reported by 
the DAD Study Group show that diabetes prevalence 
in HIV+ patients, when compared to the appropri-
ate HIV- counterparts taken from NHANES 3, is 
increased by approximately 70% (22) (Figure 2). Brown 
et al. reported a greater than twofold increase in dia-
betes prevalence in HIV+ patients on cART compared 

not only to HIV-
individuals but also 
to HIV+ subjects not 
on cART (23) (Figure 
2). The same study 
also reported that the 
incidence of diabetes 
is increased in HIV+ 
patients on cART 
(23).
 This increased risk 
of diabetes would 
be expected to be 
accompanied, and 
indeed underlaid, by 
alterations in beta-
cell function and 
insulin sensitivity. 
Unfortunately, studies 
in HIV+ patients have 
primarily focused 
on insulin sensitiv-
ity and much less on 
beta-cell function. 
Nevertheless, several 
years ago Woerle et 
al. showed that, in 
HIV+ patients on 
cART with reportedly 
normal glucose regu-
lation both insulin 
sensitivity and beta-
cell function were 
impaired (24) (Figure 
3). Interestingly, espe-
cially for the beta-cell, 
the same was not true 
for HIV+ patients 
not on cART. Thus, 
the HIV+ patient 
on cART seems to 
encompass the typical 
abnormalities of the 
individual at high risk 
for diabetes (5).
 More detailed stud-
ies have shown that 
this pattern is typical 
of those HIV+ patients 
who develop lipodys-
trophy on cART (25) 
(Figure 4). Another 
clinical indicator of 
meaningful altera-
tions is dyslipidemia, 
which is accompanied 
by insulin resistance 
in muscle, adipose tis-

sue and liver (26). Unfortunately the latter study did 
not assess beta-cell function.
More broadly, great attention has been devoted to the 
appearance of metabolic syndrome in HIV+ patients 
on cART, and this has been variably associated with 
some specific drugs more than others (27). While 
metabolic syndrome undoubtedly has a significant 
bearing on the global cardiovascular risk of the 
patient, the diabetes risk is likely to be more closely 
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Figure 2. Increased prevalence in the HIV+ patients of the DAD study at enrollment 
(22) (left panel) and of ref (23).

Figure 3. Effects of PI treatment on insulin sensitivity and beta-cell functional adequacy in HIV- 
controls, HIV+ patients before therapy and HIV+ patients after therapy. § P <0.01 HIV+ patients 
after therapy vs HIV+ patients before therapy.  Redrawn from (24).
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associated with the concomitance of beta-cell dam-
age. This distinction has not often been inspirational 
for studies conducted to gain novel insights into the 
potential of antiretroviral drugs to induce prediabetic 
changes in metabolism. Thus, most of these studies 
have focused on insulin sensitivity neglecting beta-
cell function altogether. Furthermore, the duration of 
exposure to the drug under study may be of relevance 
in determining the biological response. All together, 
there is some evidence that certain protease inhibitors 
(PI) may induce insulin resistance, but this evidence is 
far from being unanimous (21). For instance, an inter-
esting methodologically correct study conducted in 
HIV- subjects by Shankar et al. failed to disclose any 
change at all in insulin sensitivity induced by indinavir, 
one of the PI most often shown to cause insulin resist-
ance. At the same time this drug was quite effective 
in causing endothelial dysfunction (28), a very impor-
tant intermediate phenotype of atherothrombotic 
cardiovascular disease. Importantly, not all PI seem 
to be fraught with this potential to cause endothelial 
dysfunction (29). In a similar experimental setting, 
stavudine, a nucleoside reverse transcriptase inhibi-
tor (NRTI) compound, was shown to cause a mod-
est degree of insulin resistance and, perhaps more 
importantly, to cause a reduction in muscle mito-
chondrial DNA copies which reflect the number of 
mitochondria (30). Thus, this study showed a relevant 
mitochondrio-toxic potential of stavudine in vivo in 
man. This may be a class effect (31) and may also take 
place in other organs, most notably in beta-cells.

The overflow hypothesis and type 2 diabetes in 
HIV+ patients
The overflow hypothesis, illustrated above for the 
general case of the HIV- individual, may help to shed 
light, at least in part, on the increased diabetes risk 
of the HIV+ patient on cART (Figure 5). The appear-
ance of lipoatrophy/lipodystrophy in this patient is to 
be considered a clinical signal that overflow is being 

triggered by one or 
more of the antiret-
roviral drugs taken 
by the patient. In this 
regard, the nonobese 
patient that develops 
cART-related lipoat-
rophy/lipodystrophy 
should be considered 
the equivalent of an 
obese HIV-individual 
with regard to diabe-
tes risk. cART-related 
dyslipidemia, namely 
hypertriglyceridemia, 
conveys similar bio-
logical significance. 
Furthermore, the use 
of NRTI drugs, owing 
to their possibile 
toxic effects on mito-
chondria (31), may be 
responsible for bio-
logical effects similar, 
and additive, to those 
normally exerted by 
aging.

Thus, those antiretroviral drugs (31, 32), which poten-
tially induce dyslipidemia, lipodystrophy and mito-
chondrial damage, are to be considered powerful 
triggers for the organ damage mediated by lipotoxicity 
and lipoapoptosis, including type 2 diabetes (23), non-
alcoholic fatty liver disease (33) and atherosclerosis 
(22).

Type 2 diabetes and target organ damage in 
HIV+ patients
As to diabetes risk, a dual concern is fueled these 
patients: on the one hand, diabetes exposes these 
patients to specific target organ damage such as retin-
opathy, neuropathy and nephropathy. On the other, 
diabetes is a very powerful cardiovascular risk factor 
on its own, adding its weight (22) to patients already 
burdened with high cardiovascular risk due to dys-
lipidemia, metabolic syndrome and, not infrequently, 
unhealthy habits such as smoking.
The DAD study documented very convincingly that 
the diabetic HIV+ patient on cART has a more than 
fourfold increased cardiovascular (CV) risk, which 
declines to approximately 70% over the expected risk 
(22), but does not go to zero even after accounting for 
all other risk factors including cART. This figure of 
an independent increase of 70% in CV risk brought 
about by diabetes in HIV+ patients has led some to 
postulate a sort of beneficial “resistance” of the HIV+ 
patient to the CV detrimental effects of diabetes, but 
this is not the case. Indeed, recent reports from the 
Framingham Offspring Study document that diabetes 
independently increases the CV risk by 80-100% also 
in HIV individuals (34), whereas the diabetic patient as 
such has a several fold increase in CV risk owing to the 
concurrence of many other risk factors. 
However, the most important and specific information 
emerging from the DAD study are that protease inhib-
itors increase the CV risk by about 10% per year of 
exposure, whereas NRTIs and non-nucleoside reverse 
transcriptase inhibitors (NNRTI), as drug classes, 
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Figure 4. Peripheral and liver insulin sensitivity and beta-cell functional adequacy 
in HIV+ patients on cART with and without lipodystrophy. § P <0.01 lipodystrophic 
patients vs non-lipodystrophic patients.  Redrawn from (25).
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Figure 5. Possible involvement of cART in the “overflow” hypothesis. cART (drug 
classes or specific agents) may exert toxic effects on fat cells and on mitochondria and 
become the third initiating factor, together with calorie excess and aging, of adipocyte 
“overflow”. The role played by genetic variants broadens to include those putative 
variants which may regulate the vulnerability to the undesirable effects of antiretroviral 
agents. Obesity may or may not be present, but lipodystrophy and lipoatrophy are key 
clinical indicators of the activation of this complex pathogenetic process.

Figure 6. An oversimplified scheme of the potential relationships linking some antiret-
roviral drug classes to diabetes and target organ damage, herein meaning cardiovascu-
lar clinical events. Protease inhibitors may not be direct inducers of type 2 diabetes (36), 
but they may promote it by inducing dyslipidemia, which is an important risk factor for 
diabetes (36). Furthermore, protease inhibitors may enhance cardiovascular risk even 
independently of cardiovascular risk intermediate phenotypes and diabetes (22). NRTI 
on the other hand can facilitate the onset of type 2 diabetes (36) and hence the occur-
rence of cardiovascular clinical events (22, 35). However, they do not seem to enhance 
cardiovascular risk independently of intermediate phenotypes (35). NNRTI seem to be 
devoid of significant effects on target organ damage (22). Finally, epidemiologic evi-
dence links abacavir to cardiovascular risk (35), apparently as a drug-specific effect. 
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seem to be neutral (22). A different angle needs be 
given to abacavir, which may exert a CV toxic effect 
of its own (35).
Antiretroviral drugs do not exert independent paral-
lel effects on CV risk and diabetes risk. Again in the 
DAD study NRTIs were an independent risk factor 
for type 2 diabetes, whereas ritonavir, a PI charged 
with dreadful potential in inducing insulin resistance, 
had a paradoxical protective effect (36). However, the 
same DAD study highlighted the independent role 
that dyslipidemia, and in particular high triglyceride 
levels, play in enhancing the diabetes risk.
It is tempting to see a consistent pattern in this scien-
tific evidence (Figure 6). The diabetogenic potential 
of PI is likely not to be due to the drug per se, but 
is mediated through intermediate phenotypes such 
as dyslipidemia and, possibly, metabolic syndrome 
and insulin resistance. As a result, PI therapy per se, 
independently of these untoward metabolic changes, 
is not a risk factor for diabetes (36). The intermediate 
phenotypes of diabetes are also intermediate pheno-
types of cardiovascular events, but, unlike the pat-
tern seen for diabetes, PI therapy increases CV risk 
independently of the dysmetabolic traits (22). The 
explanation may lie in the toxic effect exerted by at 
least some PIs (28) directly on endothelial function, 
which is a key vasculoprotective factor.
The role played by the NRTI may be different. 
Here there seems to be the potential to injure the 
mitochondrion (31), which can be instrumental 
in causing insulin resistance (30) and, even more 
importantly, if it also occurs in beta-cells, in impairing 
beta-cell function. Not surprisingly then the 
epidemiological evidence charges the NRTI with an 
independent effect in increasing diabetes risk (36), but 
not, as a drug class, with an independent undesirable 
effect on cardiovascular risk (35). The latter might in 
turn be mediated through diabetes (Figure 6).
Having said that, it should be emphasized that, from 
the patient’s viewpoint, it is of trivial importance 
whether s/he has a myocardial infarction through 
the joint effect of dyslipidemia/lipotoxicity leading 
to diabetes and of independent damage to the vascu-
lar endothelium (the possibile PI-related biological 
sequence) or through an independent effect on the 
development of diabetes which, in turn, leads to the 
vascular event (the possibile NRTI-related sequence) 
(Figure 6). The patient’s interest is all in avoiding dia-
betes and, even more, vascular accidents, no matter 
what chain of biological events leads to them. What 
can be done to meet the patient’s need?

Preventing type 2 diabetes in the HIV+ patient
In moving from what we know to what we should do 
to prevent diabetes risk, it should be kept in mind 
that in most cases we are extrapolating evidence 
obtained in HIV- subjects to the the HIV+ patient. 
Nowadays, the standard management of the HIV+ 
patient on cART offers a unique opportunity to early 
detect those patients with the highest risk of develop-
ing diabetes. From this viewpoint, biological wisdom 
suggests that the lipodystrophic patient, albeit not 
meeting the criteria for being overweight or obese, is 
biologically equivalent, or very similar, to them. The 
mainstays of overweight/obesity treatment are diet 
and physical exercise (37), currently referred to as 
therapeutic lifestyle changes (TLC). Obviously, if the 

lipodystrophic patient is neither overweight nor obese, 
dietary counselling should focus on diet composition 
rather than calorie content. Hence, physical exercise 
would be the primary therapeutic tool in this specific 
patient. Perhaps it is equally important, because easily 
neglected, to highlight that small increases in glucose 
levels, the more so if they meet the diagnostic criteria 
of prediabetes (2), should alert the physician to start a 
vigorous diabetes prevention program.
There is much experimental evidence that TLC are 
very efficacious in preventing the progression from 
prediabetes to type 2 diabetes. This evidence has 
been obtained in quite different ethnic groups, such 
as Caucasians (38), Latin Americans (39), Afro-
Americans (39), and Asians (40). Even more impor-
tantly, TLC are the only preventative interventions 
able to act as disease modifiers, i.e. they are able to 
modify the long-term risk of diabetes even after the 
trial intervention has ceased (41). The amount of evi-
dence in favour of TLC as ideal preventative tools not 
only for type 2 diabetes, but also for a host of related 
conditions and for CV diseases, equals the hindrances 
and failures which physicians face when they try to 
translate this specific trial-derived evidence into the 
clinical arena. 
In a nutshell, randomized controlled trials have dem-
onstrated the efficacy of TLC beyond any reasonable 
doubt (38-40), but the daily experience of physicians, 
with the current amount and distribution of resourc-
es, demonstrates that efforts to implement them lack 
effectiveness, i.e. on average only minimal, inconse-
quential lifestyle changes are achieved. Since health 
systems and agencies are currently driven primarily 
by cost-effectiveness, and much less by cost-efficacy, 
the future may hardly be different from the present, 
unless the equivalent of a Copernican revolution 
occurs in the way health and disease are managed in 
Western countries.
Type 2 diabetes in individuals with prediabetes can 
also be prevented by several drugs. Metformin (39), 
acarbose (42), xenical (43), rosiglitazone  and piogli-
tazone (RA DeFronzo; personal communication) have 
all been shown to reduce diabetes risk by variable 
amounts, with thiazolidinediones apparently being 
the most effective class.  However, none of these 
drugs has been approved for use in the prevention 
of diabetes. Thus, the physician willing to use one of 
them for this purpose should obtain informed writ-
ten consent from the patient for off-label use of the 
medication. The physician’s choice should take into 
account the benefits and risks of each drug and these 
should be discussed thoroughly and carefully with the 
patient. Metformin and acarbose are among the best 
trade-offs, but their efficacy is less than TLC (39, 42). 
In many patients, xenical is limited by troubling side-
effects related to its mechanism of action. It is also 
expensive. Thiazolidinediones are the most efficacious 
drugs in preventing diabetes (44), but, especially for 
rosiglitazone, their untoward effects should be care-
fully weighed against their benefits (45). Furthermore, 
their effects are not additive to TLC (46).
Thus, the HIV+ patient with prediabetes poses multi-
ple novel challenges to the infectious disease special-
ist. However, progression from prediabetes to diabe-
tes is not inevitable. The time perhaps has come to 
address the needs of our patients systematically with 
more collaborative and holistic approaches. 
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