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Antiretroviral protease inhibitor therapy leads to
hyperglycaemia, hyperlipidaemia and
lipodystrophy

Tsiodras S, Mantzoros C, Hammer S, Samore M. (The Divisions
ofInfectious Diseases; and Endocrinology and Metabolism, Beth
Israel Deaconess Medical Center, Harvard Medical School, Bos-
ton, Massachusetts, USA.) Effects of protease inhibitors on hyper-
glycemia, hyperlipidemia and lipodystrophy. Arch Intern Med
2000;160:2050-6.

SUMMARY
The combined therapy of human immunodeficiency virus type-I
(HIV-1) infection with nucleoside/non-nucleoside reverse trans-
criptase inhibitors and protease inhibitors (PIs) has considerably
reduced the morbidity and mortality in patients with advanced
HIV infection in the past 5-7 years. However, important metabolic
adverse effects were found to be associated with these regimens.
The present cohort study which followed patients treated with PIs
for 21 months has revealed that hyperlipidaemia and impaired
glucose tolerance were common in them. Since there has been no
~ystematic evaluation of this association, the present study exam-
ined the temporal trends in serum glucose and lipid levels after
initiation of therapy with PIs, to assess whether the changes are
independent of virological response and improvement in disease
severity as well as to determine the risk factors associated with the
development of hyper glycaemia, hyperlipidaemia and lipodystro-
phy. A 5-year historical cohort analysis was conducted on 221
HIV-infected patients (171 of whom were men) attending the
Infectious Disease Clinic of a tertiary centre in Boston from
October 1993 to July 1998. The clinical and laboratory data were
retrieved from medical records and a computerized database. The
main outcome measures studied were the incidence of hyper-

, glycaemia, hypercholesterolaemia, hypertriglyceridaemia and lipo-
dystrophy. The mean follow up of patients was 45 months (SD
12.9 months). A total of 176 patients received PIs contributing to
405 patient-years of follow up before initiation of PI therapy and
298 patient-years of follow up after initiation of therapy. The 45
patients not exposed to PIs contributed to 155 patient-years of
follow up. The cumulative incidence of recent onset of hyper-
glycaemia, hypercholesterolaemia, hypertriglyceridaemia and li-
podystrophy was found to be 5%, 24%, 19% and 13%, respec-
tively. PIs were independently associated with hyperglycaemia
[adjusted IRR 5.0; 95% confidence interval (CI): 1.3-19.4],
hypercholesterolaemia (adjusted IRR 2.8; 95% CI: 1.5-5.2),
hypertriglyceridaemia (adjusted IRR 6.1; 95% CI: 3.1-11.7) and
lipodystrophy (adjusted IRR 5.1; 95% CI: 1.9-13.9). Inclusion of
potential intermediate variables (e.g. suppression of virological
load and increase in body weight) did not reduce the magnitude of
association with PIs. The association between hypertriglycerid-
aemia and ritonavir was stronger than for other PIs (Wald test,
p=0.02). In contrast, the incidence of hyperglycaemia,
hypercholesterolaemia and lipodystrophy did not varysignifi-
cantly between different PIs (saquinavir, ritonavir, indinavir,
nelfinavir and amprenavir). Longitudinal mixed models for mul-

tivariate analysis revealed a strong association of serum lipid
levels with antiretroviral therapy, particularly of PIs with serum
glucose. The authors concluded that there exists an independent
association between the use of PIs and hyperglycaemia,
hyperlipidaemia and lipodystrophy that is not explained by anti-
viral and other therapeutic effects of PIs.

COMMENT
Anti-HIV -1 therapy has been radically modified during the past 5
years.' Development of" toxic reactions and resistance to the
reverse transcriptase inhibitors (RTIs) led to the introduction of
drugs that target the HIV protease. Currently, five HIV PIs have
been approved for use (indinavir, nelfinavir, ritonavir, saquinavir
and amprenavir). Combination therapy with RTIs and PIs pro-
du~es p~ofound and sustained suppression of HIV-1 replication,
which in turn has resulted in declining rates of HIV -related
morbidity and mortality in patients with advanced HIV infection.'
Due to its high efficacy, combined anti-HfV drug therapy has now
been labelled as a highly active antiretroviral therapy (HAART).
Successful employment ofHAART regimens has resulted in near
complete suppression ofHIV -1 replication but not its eradication. 3

Therefore, HAART will need to be used for an indefinite duration
to preserve the clinical benefits. The sustained benefits ofHAART
hav~ ~ed to a far greater number of HIV-1 infected patients
receiving at least 3 of the 15 approved antiretroviral drugs for a
longer duration. Long term exposure to these agents has recently
been found to be associated with the development of important
metabolic adverse effects such as hyperlipidaemia, peripheral
wasting of adipose tissue, central adiposity, hyperglycaemia,
insulin resistance and new onset of diabetes mellitus." All these
raise the possibility of accelerating cardiovascular disease and
early onset of diabetes in HIV-infected patients. ThisHAART-
related drug toxicity is being increasingly recognized because of
the declining incidence of HIV -1 associated opportunistic infec-
tions and the indefinite period of drug use. Even more distressing,
body fat redistribution (commonly referred to by the misnomer
'lipodystrophy') characterized by accumulation of intra-abdomi-
nal visceral fat and simultaneous depletion of subcutaneous fat in
the ~s, legs, buttocks and face is being recognized as a major
bamer to the long term compliance with HAART. Initially, it was
referred to as HIV-associated metabolic and morphological ab-
normality syndrome (HAMMAS)-again a misnomer as the
latest reports have found it to be associated with HAART and not
HIV.4 Specifically, this spectrum of changes has now been thought
to be a part of the new metabolic syndrome associated predomi-
nantly with the use of PIs. 5.6

The overall prevalence of at least one of these metabolic and
morphological abnormalities in recent reports and abstracts pre-
sented in various conferences on AIDS and AIDS-related sessions
in 1998 is about 50% after 12-18 months of therapy." The differ-
ences between these prevalence rates which ranged from 18% to
83% may also have been confounded by other characteristics of
patie~ts such as age, sex, type of antiretroviral drug combinations,
duration ofHAART and the lack of an objective and validated case
definition.

The main features of PI therapy-associated HAMMAS de-
scribed to date include: lipodystrophy, hypertriglyceridaemia,
hypercholesterolaemia, insulin resistance (with raised C-peptide
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and insulin concentration) and type 2 (generally non-ketotic)
diabetes mellitus."? Dyslipidaemia at concentrations associated
with increased cardiovascular disease has been reported in 70% of
patients." The reported prevalence of diabetes mellitus is about
8%-10% and most cases were identified after glucose loading>" A
further 15% of patients had impaired glucose tolerance." A few
patients had symptoms such as polyuria, weight loss and blurred
vision; however, ketoacidosis was rare. Most of these cases of
hyperglycaemia, hyperlipidaemia and lipodystrophy have been
identified in recipients of PIs and this study has established an
independent causal relationship between HAMMAS and PIs.

However, it is not clear how the use of PIs causes diabetes and
other metabolic effects including the changes in body fat configu-
ration. Since these features of the syndrome are similar to those in
patients with metabolic abnormalities of syndrome X, it has been
hypothesized that insulin resistance underlies this syndrome.t-'
This hypothesis suggests that these effects might be due to the
inhibition of lipid and adipocyte regulatory proteins that have
partial homology to the catalytic site of HIV -1 protease to which
all PIs bind. 81t is possible that the occurrence of hyperlipidaemia
is the primary metabolic event during PI therapy which may
contribute to the development of hyperglycaemia at a later stage
(Randle hypothesis)." In this regard, itis worth studying the effect
of PIs on nuclear receptors (particularly abundant in fat cells)
called peroxisome proliferator activated receptor-y (PPAR-y) as
candidates for PI-induced modulation (as blockers).IO.ll Such a
blockade of PPAR-y may lead to an increased release of a newly
discovered insulin antagonist hormone resistin from adipocytes."
Increased concentration of resistin has been reported to impair
glucose tolerance and decrease sensitivity to the effect of insulin
in mice. With regard to the cause of lipodystrophy, it has been
postulated that the interference of PIs with apoptosis and impaired
differentiation of peripheral adipocytes but relative sparing of
intra-abdominal adipocytes is the underlying mechanism."

If blockade of PPAR-y by PIs is responsible for the develop-
ment ofHAMMAS as postulated earlier, use of the thizolidinedione
group of insulin receptor-sensitizing drugs such as rosiglitazone
and pioglitazone would benefit such patients, as this group of
drugs has been found to decrease the circulating levels of resistin. 12
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Since resistin has been demonstrated to be a link between obesity
and diabetes mellitus," it is possible that a reduction in the level
of this hormone by insulin-sensitizing drugs through PPAR-y
could antagonize the blockade of this nuclear receptor by PIs.
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