Netherlands

TheJournal of Medicine

REVIEW

Antiretroviral therapy in HIV patients:
aspects of metabolic complications and
mitochondprial toxicity

H.).M. ter Hofstede™, D.M. Burger?, P.P. Koopmans'

Departments of 'Internal Medicine and *Clinical Pharmacy, University Hospital Nijmegen,
PO Box 9101, 6500 HB Nijmegen, the Netherlands, tel.: +31 (0)24-361 98 78,
fax: +31 (0)24-361 98 77, e-mail: H.terHofstede@aig.umcn.nl, * corresponding author

INTRODUCTION

Since the introduction of highly active antiretroviral
therapy (HAART) in HIV-infected patients, morbidity
and mortality due to HIV infection have dramatically
decreased.” Although resistance to antiretroviral therapy
is an important issue, toxicity is becoming an even more
important problem. In the ATHENA cohort (a cohort of
around 3000 HIV patients in the Netherlands), the main
reason to switch antiretroviral therapy is toxicity: this is
44 to 58% in patients on their first regimen and 56% on
subsequent regimens.* Since HIV cannot be cured,
chronic therapy is needed to suppress HIV replication;
therefore the risk for adverse events may increase. The
benefits of HAART have led to a great number of HIV
patients receiving antiretroviral therapy.s

In this review we will discuss two major groups of
antiretroviral therapy-related toxicity: the lipodystrophy/
lipoatrophy syndrome with metabolic changes and
mitochondrial toxicity.*”

LIPODYSTROPHY SYNDROME

Symptoms

Exposure to antiretroviral drugs has been associated with
the development of significant metabolic adverse effects,
such as hyperlipidaemia, hyperglycaemia and insulin
resistance with diabetes mellitus, peripheral fat wasting
(lipoatrophy) and central adiposity. Fat loss on the
extremities, buttocks and in the face together with
localised deposits of fat, particularly in the abdomen,
breasts or neck region (Buffalo hump), is very stigmatising

for patients on HAART (figures 1-6). This syndrome is
called the lipodystrophy syndrome.

Epidemiology and predisposing factors

There are no exact data on the prevalence but in the
literature it is estimated that it may occur in up to 80% of
the patients on long-term therapy. A prospective cohort
study from 1996 to 1999 found the following incidences:
any lipodystrophy 11.7, lipodystrophy with subcutaneous
lipoatrophy 9.2 and lipodystrophy with central obesity 7.7
per 100 patient years." Data from the Dutch ATHENA
cohort, including 1952 patients, demonstrated 261 patients
who developed lipodystrophy/lipoatrophy. The incidence rate
was 6.2 per 100 person years with a four-year cumulative
incidence of 25%." However, most lipodystrophy studies
included HIV-positive Caucasian men. The incidence of
lipodystrophy in subjects other than Caucasians has not
been studied well. One study showed that lipodystrophy
was only seen in 3.5% of a cohort of Koreans.'®

Three major patterns are distinguished: the lipoatrophy
syndrome (fat depletion), a mixed or fat redistribution
syndrome and a subcutaneous fat accumulation syndrome,
often due to diet prescriptions when using some types of
protease inhibitors (PIs)."” Lipodystrophy with peripheral
lipoatrophy is mostly seen in HIV-infected patients receiving
HAART and therefore not likely to be associated with
HIV infection itself. Furthermore, the occurrence and
severity of the syndrome is independent of HIV load.
Recent reports highlight the fact that the fat depletion
component (lipoatrophy) is primarily linked to nucleoside
reverse transcriptase inhibitor (NRTI) therapy, while fat
accumulation with dyslipidaemia and insulin resistance
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Figures 1- 6
Patients with lipodystrophy/atrophy
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are more readily associated with PI therapy. Current
studies often distinguish the syndromes of fat depletion
(lipoatrophy) and fat accumulation, in contrast to previous
studies which use the term lipodystrophy for both com-
ponents of fat changes. It is often difficult to make a clear
distinction between the two components because they
often appear as a mixed syndrome and the majority of the
patients are treated with a combination of NRTIs and PlIs.
Although risk factors for these fat redistribution syndromes
are not exactly known, the following factors have been
suggested to play a role: low body weight before the start
of HAART, elevation of C-peptide and fasting triglyceride
concentrations early in therapy, female gender, age >40
years, baseline viral load >100,000 copies/ml, white
ethnicity, duration of HAART and the use of a HAART
regimen containing stavudine and combinations of PIs
(especially saquinavir and ritonavir)."*'7*° Lipoatrophy
occurs frequently in regimens including NRTIs and is
rare in NRTI-sparing regimens. Several studies confirmed
the observation that the use of NRTIs contributes to the
development of lipoatrophy, especially in patients on
stavudine.®9"°>"22 The risk of developing lipodystrophy
was assessed in a study with 158 HIV-infected patients,
113 of whom received a Pl-containing regimen and 45
were never treated with a PI. Predictors of subsequent
lipodystrophy severity included weight before PI therapy,
duration of therapy and fasting triglyceride and C-peptide
concentrations on therapy. Lipodystrophy was very common
and even progressive in most cases after two years of
HAART with a P1"® This is in contrast to a prospective
cohort study following almost 500 patients for 18 months,
in which the risk factors for developing lipoatrophy/dys-
trophy were multifactorial and overlapping and could not
be ascribed to the duration of exposure to a particular
antiretroviral drug.**

Hypothesis on the pathogenesis

Changes in adipose tissue

Different aspects of adipose tissue disturbances have been
postulated in the development of lipodystrophy/lipoatrophy.
One of the hypotheses of this syndrome is that it occurs
due to inhibition of lipid and adipocyte regulatory proteins,
which have partial homology to the catalytic site of HIV-1
protease, to which all PIs bind. Pls are suggested to inhibit
cellular retinoic acid-binding protein (CRABP)-1-modified
and cytochrome P450-3A-mediated synthesis of cis-9-
retinoic acid and peroxisome proliferator-activated receptor
type gamma (PPAR-y) heterodimer.” The inhibition
increases the rate of apoptosis of adipocytes and reduces
the rate at which pre-adipocytes differentiate into adipocytes,
reducing triglyceride storage and increasing lipid release.
PI binding to low-density lipoprotein receptor-related
protein would impair hepatic chylomicron uptake and
endothelial triglyceride clearance, resulting in hyperlipid-

aemia and insulin resistance.®*®** Another factor suggested
to play a role in lipodystrophy is the transcription protein
sterol-regulatory-element-binding-protein-1 (SREBP1).
SREBP1 is necessary for adipocyte differentiation. In vivo
investigation of fat tissue in HIV patients with lipoatrophy
versus HIV-negative healthy controls demonstrated a
higher proportion of small adipocytes and a reduced
expression of SREBP1 in patients with lipoatrophy.*
Recent investigations show the role of the autonomic
nervous system in regulation of adipose tissue.
Parasympathetic stimulation of adipose tissue results in
glucose and free fatty acid (FFA) uptake, resulting in an
increase in adipose tissue. Autonomic neurons in the
brainstem or the spine are able to innervate abdominal and
subcutaneous fat tissue. A misbalance in the autonomic
nervous system could lead to a different distribution of
fat tissue intra-abdominally and subcutaneously, leading
to central fat accumulation and peripheral fat loss as seen
in the lipodystrophy/lipoatrophy syndrome in HIV-infected
patients.?®

Changes in adipocyte cell and glucose metabolism

In addition, endocrine changes have been revealed in
lipodystrophy. The natural course of HIV-1 infection is
associated with an increase in whole body lipolysis and an
increase in resting energy expenditure (REE) without an
increase in catecholamines (normally stimulators of these
processes). However, in patients with lipodystrophy, plasma
concentrations of norepinephrine have been found to be
increased, indicating increased sympathetic activity. In
the same study, lipodystrophy patients had a lower REE
compared with HIV patients without lipodystrophy.
HAART-associated lipodystrophy is therefore suggested
to have only minor effects on lipolysis induced by HIV
infection itself, as a result of concomitant sympathetic
stimulation of adipose tissue.”” Also, an imbalance between
peripheral lipolysis and lipogenesis, both regulated by
cortisol and dehydro-epiandrosterone, has been found to
play a role in lipodystrophy. Furthermore, subcutaneous
adipocyte apoptosis has been found in lipoatrophic areas
of HIV-patients treated with PIs.?*2

Insulin resistance in antiretroviral therapy-associated
lipodystrophy has been attributed to impaired glucose
transport and phosphorylation. PIs interfere with glucose
metabolism in muscle and adipocyte cells, leading to an
increase of basal lipolysis. PIs have also been found to
directly inhibit the activity of GLUT4, an important cellular
glucose transporter, which is generally thought to be the
major contributor to insulin-stimulated glucose uptake in
adipocytes and skeletal muscle. GLUT4 inhibition by Pls
thereby leads to a decrease in insulin-stimulated glucose
uptake.’*3*

NRTI-associated mitochondrial toxicity has also been
postulated to play a role in antiretroviral therapy-related
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lipodystrophy.**** The fat redistribution as seen in HIV
patients treated with antiretroviral therapy resembles the
body composition of patients with Madelung’s disease.
Mitochondrial impairment has been found in patients with
benign or multiple symmetrical lipomatosis (Madelung’s
disease). Investigation of muscle mitochondria in HIV
patients with lipodystrophy has shown abnormalities in
mitochondrial respiratory chain complexes, mitochondrial
DNA (mtDNA) and mitochondrial morphology suggestive
of mitochondrial dysfunction.** Adipocyte mitochondria
have been studied in HIV-infected patients on NRTIs,
therapy-naive patients and healthy controls, revealing
mtDNA depletion and mitochondrial proliferation in
adipocytes in the first group.¥3°

Cardiovascular risk of antiretroviral therapy

The occurrence of metabolic changes, such as hyperlipid-
aemia and insulin resistance, with the use of antiretroviral
therapy may affect the risk of cardiovascular disease in
HIV-infected patients. Even after short-term therapy with
antiretroviral drugs, metabolic changes have been
observed. In a recent study in which healthy volunteers
were treated with indinavir, insulin resistance was already
found after four weeks of drug use.””

Prior to the availability of protease inhibitor therapy,
endothelial dysfunction, hypercoagulability, hypertrigly-
ceridaemia and abnormal coronary artery pathology were
associated with HIV infection. This was even seen in
children and young adults. Autopsy reports showed major
atherosclerotic lesions in HIV subjects in the absence of
traditional cardiovascular risk factors. A cohort of over
5000 HIV patients in the USA, followed between 1993
and 2002, showed an increase in myocardial infarctions
after the introduction of protease inhibitors in 1996.3®* In
contrast, a retrospective analysis of a cohort of 36,000
HIV-infected patients between 1993 and 2001 demonstrated
a decline in the rate of admissions for cardiovascular or
cerebrovascular disease from 1.7 to 0.9 per 100 patient-
years. The authors did not find a relation between the use
of NRTIs, NNRTIs or PIs and the cardiovascular and
cerebrovascular events. Antiretroviral therapy was associated
with an overall decrease in death from any cause.’® The
DAD study assessed the risk of cardiovascular disease in
HAART-treated patients in a prospective multinational
cohort study including around 17,000 subjects. Data from
this study indicate that NNRTIs and PIs (and especially
in combination) are associated with a lipid profile known
to increase the risk of coronary heart disease. This was
particularly seen in older patients with normalised CD4
counts and suppressed HIV replication.*

Plasma markers that play a role in endothelial function have
been shown to be significantly elevated in HIV patients
(von Willebrand factor, tissue plasminogen activator, {3,-
microglobulin and soluble thrombomodulin). Levels of

these markers have been found to be related to the stage
of HIV disease and may be proportional to the viral load.
The course of vascular disease may be accelerated in HIV-
infected patients because of atherogenesis stimulated by
HIV-infected monocyte macrophages, possibly via altered
leucocyte adhesion or arteritis. In recent literature, a relation
between chronic inflammation and atherosclerosis has
been postulated. In this light, chronic HIV infection with
the occurrence of co-infections (opportunistic or not)
makes subjects prone to atherogenic disturbances. In
addition, insulin resistance, hypercholesterolaemia and
the fat redistribution syndrome (increase of visceral fat)
associated with HIV therapy may exacerbate these HIV-
associated atherosclerotic risk factors.## Especially protease
inhibitors are known to interfere with lipid and glucose
metabolism resulting in insulin resistance with hyper-
glycaemia, hypertriglyceridaemia and elevated total
cholesterol (HDL cholesterol is often reduced).?*+5
However, lipid changes have also been seen in patients
on efavirenz. Moreover, NRTIs may play a significant role
in a synergistic effect on these metabolic changes.
Overall, there are conflicting data on cardiovascular effects
of HAART. The growing concern that the metabolic
complications associated with HIV and antiretroviral
therapy may lead to accelerated coronary artery disease is
being evaluated in large prospective trials with long-term
follow-up. Until the results are available, monitoring the
traditional cardiovascular risk factors and risk factors
associated with HAART such as dyslipidaemia, glucose
levels and visceral fat accumulation in HIV patients is
justified (table 1).38394446-48

Table 1
Risk factors for atherosclerosis in HIV patients on HAART

Increased triglycerides

Increased total cholesterol

Increased LDL cholesterol

Decreased HDL cholesterol

Insulin resistance

Increased visceral fat

Increased plasminogen-activator inhibitor type I

Increased apolipoprotein B

Diagnosis

The diagnosis of this syndrome is difficult and is based
on objective and subjective parameters such as physical
examination with measurement of hip/waist ratio, presence
of fat disposition/loss and visible veins on the extremities
together with the patient’s report of a changed body com-
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position. The HIV Lipodystrophy Case Definition Study
Group evaluated a model to diagnose lipodystrophy. This
model included a scoring system for age, sex, duration of
HIV infection, HIV disease stage, waist/hip ratio, anion gap,
serum HDL cholesterol concentration, trunk/peripheral
fat ratio, percentage of leg fat and intra-abdominal /extra-
abdominal fat ratio. By using this score the diagnosis
lipodystrophy had a sensitivity of 79% and a specificity of
80%, which is far more than with scores using only clinical
or metabolic variables.*

Lipoatrophy/dystrophy with lipid and glucose disturbances
has been studied by means of blood measurements, CT
scans, DEXA scans and body impedance amplitude (BIA) in
combination with weight and measurement of subcutaneous
fat. A problem with this syndrome is the subjective part
of it; changes in body composition experienced by the
patients cannot always be evaluated by standard tests.’>%'
Changes in fat distribution have been objectively confirmed
by dual energy X-ray absorption (DEXA) and computed
tomography. However, DEXA and CT scanning cannot
demonstrate a change in all aspects related to the lipo-
atrophy/lipodystrophy syndrome. Facial lipoatrophy, one
of the most distressing features of the syndrome, cannot
be measured in this way.” In addition, sonography can be
considered as an additional tool to quantify regional fat
distribution. The measurement of subcutaneous facial
and arm fat seems to be simpler, less variable and more
discriminative for diagnosing abnormal regional fat dis-
tribution than that of intra-abdominal fat.5

Treatment

HAART-receiving patients with hyperlipidaemia and
diabetes are currently treated with lipid-lowering agents
and oral antidiabetic drugs or even subcutaneous insulin.
Thiazolidinediones, such as rosiglitazone, have shown
to improve insulin sensitivity and promote adipocyte
differentiation in vitro. Small studies with metformin
and thiazolidinediones in HIV patients with impaired
insulin sensitivity and diabetes during HAART showed
amelioration of antiretroviral therapy-associated insulin
resistance, improvement of body fat distribution (increase
in lean body mass), a decrease in total body fat and a
decline in triglycerides and VLDL cholesterol.5%

Leptin therapy is suggested to be of use in lipodystrophy.
A study in mice demonstrated a positive effect of leptin
replacement with reduction of ritonavir-induced hyper-
cholesterolaemia, interscapular fat mass and improvement
of liver steatosis. This is in contrast to the administration
of a polyunsaturated fatty acid diet, which did not alleviate
Pl-induced metabolic abnormalities.®® Patients with con-
genital lipodystrophy have been studied while on chronic
leptin therapy. An improvement in insulin-stimulated
hepatic and peripheral glucose metabolism in severe insulin
resistance was demonstrated with marked reduction of

hepatic and muscle triglyceride content.®**® However, the
usefulness in HIV lipodystrophy has to be proven.

Lipid disorders are treated with statins (HMG-CoA
reductase inhibitors) in case of elevated cholesterol, and
fibrates are used in patients with elevated triglycerides.
Up until now, pravastatin has been the statin of choice
since it has no potential to cause rhabdomyolysis or to
interact with the other medications often used in HAART
regimens (especially the PIs).®"®* Furthermore, traditional
risk factors, such as age >40 years, positive family history,
male gender and smoking, should be taken into account
when treating patients with abnormal lipid values and
insulin resistance. Also dietary modifications and exercise
are general health measures that have been proven to be
beneficial in HIV-infected patients with lipodystrophy and
for lipid and glucose disturbances.®+443

Switching studies have shown that metabolic disturbances
due to HAART appear to be partially reversible, but
improvement in fat redistribution has not been clearly
demonstrated. There have been a few studies switching PIs
to abacavir, efavirenz or nevirapine showing improvement
in insulin resistance. Furthermore, there seems to be a
favourable change in lipid concentrations, particularly
after switching to nevirapine and abacavir.#*® One study
with Pl-treated patients who presented with lipoatrophy,
hyperlipidaemia and insulin resistance analysed the
switch from a PI-containing regimen to one containing
efavirenz.® Even one year after substitution of efavirenz
for PIs, the lipid profile did not improve nor did it resolve
the insulin resistance or lipoatrophy. Another study,
replacing ritonavir by nelfinavir or nelfinavir/saquinavir in
HAART combinations, led to improvement in triglyceride
levels.®® Decrease in lipids was also seen in a randomised
study in which patients were switched from a PI-containing
regimen to a combination of zidovudine, lamivudine and
abacavir.®7%9

Peripheral fat loss can sometimes be treated by implantation
of the patient’s subcutaneous fat or synthetic material
(bio-alcamid, New Fill® and botulin toxin); unfortunately
the results are not always satisfactory. Cosmetic surgery
with liposuction can be performed in patients with
abdominal fat disposition and buffalo hump; however it
is not clear if the fat accumulation will re-occur.”®

MITOCHONDRIAL TOXICITY

Epidemiology, predisposing factors and pathogenesis
Side effects associated with NRTI therapy are (cardio)myo-
pathy, neuropathy, pancreatitis, hepatic steatosis and lactic
acidosis (table 2). These events generally occur after at
least three to four months of NRTI treatment. The clinical
symptoms resemble symptoms that occur in paediatric
patients with congenital mitochondrial diseases.
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Table 2

Adverse events in NRTIs/NtRTI associated with mitochondrial toxicity

AZT 3TC d4T ddI ddcC ABV TFV*
Anaemia + - - R
(Cardio)myopathy + - - -
Neuropathy - - + + + .
Pancreatitis +/- - + _
Hepatic steatosis + - + + + -
Lactic acidosis + - + + + -

AZT = zidovudine, 3TC =

Therefore, it is supposed that the pathogenic pathway of
these side effects can be explained by NRTI-induced
mitochondrial damage. NRTIs interfere with an enzyme
(polymerase +y), which is essential for the synthesis of
mitochondrial DNA strands. The triphosphate compounds
of the nucleoside analogues inhibit polymerase y. By
interference with this enzyme, NRTIs are built into a new
mitochondrial DNA strand instead of the normal nucleo-
sides, resulting in chain termination and thereby impaired
mtDNA synthesis (figure 7). Direct proof for NRTI-induced
mitochondrial toxicity has been demonstrated in zidovudine-
related myopathy in humans, showing ragged-red fibres and
moderate lipid droplet accumulation and myofilamentous
loss without inflammatory infiltration.”" 74

Incidences are not well known and vary depending on the
analysis, such as neuropathy 12 to 46%, myopathy 17%
and pancreatitis 0.5 to 7%. The most life-threatening

A
Nucleoside |—| Nucleoside

Polymerase gam‘nﬁ \

| Nuc|e05|de | Nucleoside

B
Nucleoside |—| Nucleoside

Polymerase gamma
R
Figure 7

Synthesis of new mitochondrial DNA strand

A = Normal situation. B = Situation in NRTI use; blockage of the
formation of a new strand by NRTI.

lamivudine, d4T = stavudine, ddI = didanosine, ddC = zalcitabine, ABV = abacavir, TFV = tenofovir. *NtRTI.

NRTI-related toxic event reported is lactic acidosis with
hepatic failure. It has been described for zidovudine,
didanosine and stavudine. The incidence is estimated
around 1.3 per 1000 person-years, found retrospectively
in a cohort of antiretroviral drug users.>”"® This number
fits reasonably well with our own experience, when we
found four fatal cases within one year in the Netherlands,
where around 3000 patients are treated with antiretroviral
combination therapy.®* Imminent lactic acidosis should
be suspected if a patient complains of malaise, nausea
and vomiting, often accompanied by abdominal pain and
hyperventilation, followed by rapid liver failure and
uncontrollable arrhythmias.

Another striking feature of the NRTI toxicity is its apparent
tissue specificity: myopathy can be caused by zidovudine, but
rarely occurs with any of the other NRTIs and conversely,
neuropathy and pancreatitis are common features in
treatment with zalcitabine, didanosine and stavudine, but
not with the other NRTIs (see also table 2). A possible
explanation for this phenomenon of apparent tissue
specificity is the so-called polymerase-y hypothesis, which
states that four factors contribute to an effective inhibition
of DNA polymerase -y by a certain NRTT at a special tissue
level. These factors are pharmacodynamic capability to
enter the target cells, the right cellular nucleoside kinases
to triphosphorylate the NRTI, inhibition of DNA poly-
merase y by the triphosphorylated NRTT either by serving
as a competitive (ineffective) alternate substrate or by
chain termination of the nascent mtDNA strand (non-
competitive) and finally metabolic reliance on oxidative
phosphorylation by the target tissues.’

At present, the reason why some individuals suffer from
mitochondrial toxicity is not clearly understood, although
several factors have been identified to play a role in this
mechanism of toxicity. As in congenital mitochondrial
diseases, this mitochondrial impairment might have a
genetic basis. Patients with suboptimal mitochondrial
function due to inherited mtDNA mutations or deletions,
with no symptoms yet, might be more susceptible to
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developing severe dysfunction of mitochondria on NRTI
therapy. In a comparable fashion, ageing will result in
increasing mitochondrial dysfunction, since mutations in
mtDNA accumulate in time and repair mechanisms in
mitochondrial DNA replication are limited compared with
nuclear DNA replication. Older people might therefore be
more susceptible than younger age groups. A certain time
span appears to be necessary for the accumulation of toxic
effects. Consequently, long-term exposure to antiretroviral
nucleoside analogues is likely to result in symptomatic
mitochondrial dysfunction. Accumulative toxicity with
mitochondrial toxicity due to prior NRTT use is also seen.
Another predisposing factor might be the patient’s
nutritional state. Biochemical reactions in mitochondria
depend on a large range of vitamins, co-factors and sub-
strates. In malnourished patients there might be a deficiency
for these co-factors, in this way contributing to impaired
mitochondrial function.s™%2

In case of toxicity and discontinuation of medication,
some tissues show a very slow recovery. Factors that
determine this recuperation capacity are unknown but
tissues with a low cell turnover, such as neurones, seem
to recover very slowly and appear to be more vulnerable
for this kind of toxicity. An example is NRTI-induced
neuropathy that can last for months after NRTIs have
been stopped.

Diagnosis

Histology is the only method to demonstrate mitochondrial
disorders conclusively. It is an invasive examination and
the biopsy site has to be targeted to the tissue affected. For
instance, in muscle biopsies the difference between HIV
myopathy and AZT-induced myopathy can be established.
The presence of ragged-red fibres and myofilamentous is
characteristic of an acquired mitochondrial-related myo-
pathy. Damaged mitochondria can be seen with electron
microscopy, showing swollen mitochondria with disruption
and fragmentation of cristae, cristalline inclusions and
lipid droplets. However, tissue biopsies are not useful as
screening tests and not every tissue can be sampled.>®
For more then a decade, specific knowledge of mitochondrial
dysfunction has been obtained during zidovudine-
induced myopathy by evaluating cytochrome c oxidase
histochemical reaction in muscle biopsies.®5
Cytochrome c oxidase (COX), is an enzyme essential in
complex IV of the mitochondrial respiratory chain.
Deficiency of this enzyme was found in all patients with
AZT-related myopathy and in the majority of AZT-treated
patients, however, without myopathy. In contrast, no
deficiency was detected in patients with HIV-related
myopathy. COX deficiency was found in patients with
full-blown AZT myopathy as well as in myopathic tissue
from asymptomatic AZT recipients with only histological
changes characteristic of AZT myopathy.?9°

Histochemical reaction to COX could therefore be a marker
of AZT-induced mitochondrial toxicity in HIV-infected
patients. Disadvantages of mitochondrial function tests
are the invasive character of these tests and the results do
not always correlate with the clinical picture.
NRTI-induced hepatic steatosis and neuropathy are
diagnoses often detected by exclusion of other possibilities.
Histological examination of the liver reveals macrovesicular
steatosis without necrosis, in contrast to steatosis induced
by other toxic agents and diseases, which shows a micro-
vesicular pattern with necrosis. Additional histochemistry
has to be performed to exclude infectious causes.

Less invasive tests, such as blood tests, are easier to perform
and therefore might be more useful. As a result of mito-
chondrial dysfunction, pyruvate can only be metabolised
into lactate, which leads to an increased lactate and lactate/
pyruvate ratio. Determination of the blood lactate/pyruvate
ratio (L/P) is used as diagnostic screening method in
patients with mitochondrial diseases. Chariot et al. per-
formed a small pilot study in 20 HIV-infected patients
with AZT-induced myopathy.®"9* Although elevated lactate
levels have been described in patients suspected of mito-
chondrial toxicity, not all patients with mitochondrial
toxicity develop hyperlactataemia, and lactataemia does
not always result in lactic acidosis. Zidovudine, didanosine
and stavudine have all been described to cause lactic acid-
osis.”? In addition, several studies found elevated lactate
levels more frequently in stavudine-containing regimens.
Hyperlactataemia in patients on stavudine is noticeable
and not always directly related to adverse events.9*
Interestingly, serum lactate analysis in a group of our
own patients revealed the highest lactate values in
patients with presumed NRTI-related neuropathy. This is
consistent with a recent study using serum lactate levels in
distinguishing between HIV- and NRTI-associated neuro-
pathy.”** Overall, asymptomatic mild hyperlactataemia is a
rather common feature of antiretroviral therapy. In recent
publications the use of lactate to monitor complications
of antiretroviral therapy has been discussed.o®°® e o517
Routine lactate measurement is not recommended; a
difference has to be made between symptomatic and
asymptomatic hyperlactataemia and lactic acidosis. Mild
asymptomatic hyperlactataemia (lactate levels of z2500
pmol/l) requires careful monitoring but no immediate
action. Symptomatic hyperlactataemia and lactate levels
above 5000 pmol/l are clinically relevant and need inter-
vention. It is advisable to check lactates in patients with
NRTI-related neuropathy, hepatic steatosis or elevated
transaminases, myopathy and in case of extreme fatigue,
unexplained nausea, vomiting, dyspnoea or abdominal pain.
Patients with hyperlactataemia should be closely monitored
and in case of increasing lactates or lactic acidosis, nucleo-
side analogues should be discontinued.®97°81°9
Another option to study mitochondrial toxicity is to
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measure mtDNA contents. In vitro studies have been
performed in different cell lines showing time- and dose-
dependent mtDNA depletion in cells incubated with
zalcitabine, didanosine and stavudine in combination
with an increase in lactate production. This effect is also
seen in zidovudine-treated cells, although to a lesser
extent. Lamivudine and efavirenz did not affect any of
these measurements. In conclusion, NRTIs (except
lamivudine) can inhibit mtDNA polymerase vy and cause
termination of synthesis of growing mtDNA strands and
mtDNA depletion, although the propensity to injure
particular target tissues is unexplained.’

In patients with symptomatic hyperlactataemia, changes
in mtDNA relative to nuclear DNA in peripheral blood
cells were studied. The ratios of mitochondrial to nuclear
DNA in HIV patients with symptomatic hyperlactataemia
were 68% lower compared with non-HIV-infected subjects
and 48% lower than the ratios in asymptomatic HIV
patients. The decline in mtDNA resolved partially after
discontinuation of antiretroviral therapy."® Depletion of
mtDNA seems at least to be partially reversible. Patients
followed longitudinally showed a decline in mtDNA that
preceded the increase in lactate levels. In patients on
HAART (including NRTIs) with peripheral fat wasting
(lipoatrophy), mtDNA contents of subcutaneous fat tissue
from the neck, abdomen and thigh were measured. The
results showed a decline in mtDNA content compared
with HIV patients on HAART without lipodystrophy/
lipoatrophy, HIV therapy-naive patients and HIV-negative
controls. Unfortunately not all studies show consistency.
One study showed higher mtDNA levels in patients on
antiretroviral therapy compared with HIV-infected
patients without HAART. This suggests mitochondrial
recovery during HAART. Apparently more mechanisms
play a role in the mechanism of toxicity,'*®™" "
Treatment

Besides the discontinuation of NRTIs, there is no real
treatment for mitochondrial toxicity. Case reports have
been described treating lactic acidosis due to severe
HIV-induced mitochondrial damage with co-enzyme Q,
thiamine, L-carnitine and riboflavin. These substrates
play an important role in mitochondrial biochemical
reactions; however it is not clear what effect they had in
these case reports, since antiretroviral therapy was always
discontinued in these cases.*"9"*3

CONCLUSION

Human immunodeficiency virus infection can be success-
fully treated with HAART. However, the long-term safety
of the present drugs is a major concern. The pathogenesis
of the major syndromes such as lipodystrophy and the

so-called mitochondrial toxicity is still unclear, while
treatment options are limited. Close observation and
monitoring of side effects and potential risk factors as
well as studies on pathogenesis and treatment remain
warranted.
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