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Abstract Many drugs besides lipid-lowering drugs affect serum lipid levelsin either a

potentially harmful or beneficial way, and may therefore increase or decrease the
risk of cardiovascular disease.

Diuretics, p-blocking agents, progestogens, combined oral contraceptives
containing ‘second generation’ progestogens, danazol, immunosuppressive agents,
protease inhibitors and enzyme-inducing anticonvulsants adversely affect the
lipid profile. They increase total cholesterol, low density lipoprotein cholesterol
and triglycerides by up to 40, 50 and 300%, respectively, and decrease high
density lipoprotein cholesterol by a maximum of 50%. Conversely, a-blocking
agents, estrogens, hormone replacement therapy, combined oral contraceptives
containing ‘third generation’ progestogens, selective estrogen receptor modula-
tors, growth hormone and val proic acid show mostly beneficia effectsonthelipd
profile. Some drugs, for example, isotretinoin, acitretin and antipsychotics,
mainly €elevate triglyceride levels.
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Adverse or beneficial effects on serum cholesterol levels do not always trans-
late into a higher or lower, respectively, incidence of cardiovascular disease,
because these drugs may influence cardiovascular risk through multiple path-
ways. In some cases, excessive cholesterol levels occur, for example, with protease
inhibitor therapy, and several cases of pancreatitis attributable to drug-induced
hypertriglyceridaemia have been reported.

Some general guidelines on the management of drug-induced dyslipidaemia
can be given. Replacement of the dyslipidaemia-inducing drug by an equivalent
alternative therapy is preferred. However, such alternatives are often difficult to
find. If there is no equivalent aternative and treatment with the dyslipidaemia-
inducing drug must be initiated, monitoring of serum lipid levelsisimportant. If
drug use is expected to be long term, the existing guidelines for the management
of dyslipidaemiain the general population can be applied to drug-induced dys-
lipidaemia. In cases of extreme hyperlipidaemia, medication use should be reas-

sessed.

Hyperchol esterolaemiaisawell established risk
factor for atherosclerosis, leading to cardiovascular,
cerebrovascular and peripheral vascular morbidity
and mortality. Serum lipid levels can be affected by
many factorsincluding drug therapy, both positively
as well as negatively. These drugs may therefore
also decrease or increase the risk of cardiovascular
morbidity and mortality.

In this paper we review the effects of several
important drug classes (besideslipid-lowering drugs)
on serum lipid levels and theimplications for clin-
ical practice associated with their use. We describe
the magnitude of their effects derived from data
from randomised clinical studies and some obser-
vational studies(tablel). The mechanisms of drug-
induced dyslipidaemias are beyond the scope of
thisreview and will not be discussed.

1. Cardiovascular Drugs

The effects of antihypertensive drug therapies
on serum lipid levels are well documented by the
results from randomised clinica trials and obser-
vational studies. Kasiskeet al.[1 performed ameta-
analysis of 474 studies (66% randomised, 25% ob-
servational) conducted between 1966 and 1993. A
more recent editoria in the Archives of Internal
Medicine shows that there is still much debate about
antihypertensives, lipids and clinical implications.[2

Thiazide diuretics increase serum total choles-
terol and low density lipoprotein (LDL)-choles-
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terol levels by up to 5 to 10%.[1:37] High density
lipoprotein (HDL)-cholesterol levels are not af-
fected, whereastriglyceride concentrationsareal so
elevated by 5t0 15%. All these effectswerelargest
with higher dosages (50 to 100 mg/day).[*! In con-
trast with older studies,[l Lakshman et a.[”! showed
recently that these effects are short term; after 1
year of treatment, elevated serum lipid levels re-
turned to their initial levels. Loop diuretics affect
serum cholesterol levelsin asimilar way and mag-
nitude as thiazide diuretics.[8-1% Weidmann et al .1
reviewed the effects of potassium-sparing diuretics
on the lipid profile. The effects of monotherapy
with one of these agents are largely unknown. Com-
binations of a thiazide diuretic with a potassium-
sparing diuretic show effects similar to the effects
of monotherapy with athiazide diuretic. Thisim-
plies no effects of potassium-sparing diuretics on
serum lipid levels. Indapamide does not significantly
influence serum lipid levels.[151]

The effects of B-blocking agents on serum total
cholesterol or LDL-cholesterol levels are neglig-
ible. However, they increasetriglyceridelevels (10
to 40%) and decrease HDL-cholesterol levels by
about 5 to 20%.113612 One study showed that these
effects on HDL-cholesterol lasted less than 1 year,[”]
whereas others reported elevated levels even after
several years of treatment.[*14 Furthermore, in-
creasing intrinsic sympathomimetic activity and
Bi-selectivity are associated with a more neutral

Drug Safety 2001; 24 (6)
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Table I. Direction and magnitude of changes in serum lipid levels induced by different drug classes. Changes are percentage increases (1)

or decreases (1)

Drug class Total cholesterol LDL-cholesterol HDL-cholesterol Triglycerides
Cardiovascular drugs
Diuretics
thiazide diuretics 1 5t010 1 5t0 10 NC t15t015
loop diuretics 1 5t010 1 5t0 10 NC 1 5t0 10
potassium-sparing diuretics NC NC NC NC
indapamide NC NC NC NC
B-Blockers NC NC 1 5t020 1 10 to 40
celiprolol 1 0to 10 1 0to 20 1 3t0 40 1 5t025
ACE inhibitors NC NC NC 1 (?)
Calcium antagonists NC NC NC NC
a-Blockers L5 L5 12to5 1 4t014
Hormones
Unopposed estrogens 1 2t010 1 7t020 1 5t0 20 140
Unopposed progestogens
C21-steroids NA 1 ! i
Cio-steroids NA 1 6t013 115to 30 120
Hormone replacement therapy 110 120 1INC/y 1/NC/L
Combined oral contraceptives with:
second generation progestogens NA 110 1 0to 15 150
third generation progestogens NA 1 0to15 110to 15 175
Selective estrogen receptor modulators
tamoxifen 113 117 NC 1 0to 30
raloxifene 1 5t010 1 10to 20 NC NC
Danazol NA 1 10 to 40 1 50 NC
Growth hormone 1 5t015 1 10to 25 1711 20 NC
Retinoids
Synthetic
isotretinoin 115 115 NC/1 1 35t0 144
acitretin NC NA NC 1 60
Vitamin A NC NC NC NC
Immunosuppressive drugs 1 10 to 40 1 0to 50 1 0to 90 10to 70
Protease inhibitors
Ritonavir 1 30 to 40 NA NC 1 200 to 300
Indinavir/nelfinavir 1 15t0 30 NA NC 1 0to 55
Saquinavir NC NC NC NC
Antipsychotics
Clozapine NC NC NC 1 351048
Other NC NC NC 1 0to 51
Anticonvulsants
Carbamazepine 1 0to 15 NA 1 0to 30/1 40 NC
Phenytoin/phenobarbital t5t015 NA 1 45/1 40 NC
Valproic acid 1 5t020 NA NA NC

HDL = high density lipoprotein; LDL = low density lipoprotein; NA = not available; NC = no change.

0 Adis International Limited. All rights reserved.
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effect. Celiprolol, aselective 3;-blocker with weak
[Bo-sympathomimetic activity, even improves the
lipid pattern.[3.13]

ACE inhibitors do not affect levels of the cho-
lesterol fractions in patients without diabetes
mel litus, but may decreasetriglyceridelevels, al-
though some reviews report no effect.l912 |n pa-
tients with type 2 diabetes mellitus, Ravid et al.[14]
observed a decrease in total cholesterol and LDL-
cholesterol levels(5 and 7%, respectively) after ACE
inhibitor therapy. HDL-cholesterol and triglycer-
ide levels remained unchanged. These effects of
ACE inhibitors may at least partly be attributed to
thedeclinein albuminuria. Calcium antagonistsdo
not affect the lipid profile.[16.12]

The only antihypertensive agents with benefi-
cia effectson lipid levels are a;-blocking agents.
They lower total cholesterol and LDL-cholesterol
levels (by approximately 5%) as well as triglycer-
ide levels (by 4 to 14%).[1.6.7.12] Furthermore, they
elevate the HDL-cholesterol level slightly (by 2to
5%).

There are only a few population-based studies
focusing on the effects of antihypertensive drug
therapy on serum lipid levels!1517 These studies
were mainly cross-sectional and showed no effects
on total cholesterol levels and a decrease in HDL-
cholesterol levels by 5 to 10%. However, in most
studies, no distinction was made between the dif-
ferent antihypertensive drug classes 516l and some
studies used patients with untreated hypertension
and patients with normal blood pressure as arefer-
ence group.[* This approach may lead to biased
comparisons, since hypertension itself is associated
with higher total cholesterol levels and lower HDL -
cholesterol levels.[18l

Despitethe potential negative effects of thiazide
diureticsand B-blocking agentsonthelipid profile,
thesedrugsareeffectivein reducing cardiovascul ar
morbidity and mortality. Both antihypertensives de-
crease the incidence of stroke and congestive heart
failure. Low dose diuretic therapy also prevents cor-
onary disease and reduces total mortality.[*9 In pa-
tients with type 2 diabetes mellitus, atenolol proved
to be as effective as captopril in reducing the risk

0 Adis International Limited. All rights reserved.

of fatal and nonfatal macrovascular and microvas-
cular complications despite its negative effects on
bodyweight gain and higher glycated haemoglobin
levelsover thefirst 4 years.[29 | n this study, serum
lipid levels were not negatively affected by aten-
olal.

Recently, in the Antihypertensive and Lipid-
Lowering Treatment to Prevent Heart Attack Trial
(ALLHAT), the doxazosin treatment arm was dis-
continued. Patients in the doxazosin group had a
higher risk of congestive heart failure [4-year rel-
ativerisk (RR) 2.04; 95% confidenceinterval (Cl)
1.7910 2.32], stroke (RR 1.19; 95% Cl 1.01 to 1.40)
and combined cardiovascular diseases (RR 1.25;
95% Cl 1.17 to 1.33) compared with patients treated
with thediuretic chlorthalidone.[2Y These data sug-
gest that beneficial effects on serum lipid levels
from a1-blocking agents do not trandlateinto alower
incidence of cardiovascular diseases compared with
thiazide diuretics.

2. Hormones

2.1 Unopposed Estrogens and Progestogens

Unopposed estrogens beneficialy affect the lipid
profile, mainly by lowering total cholesterol and
LDL-cholesterol levels (by 2 to 10% and 7 to 20%,
respectively) and elevating HDL -chol esterol levels
(by 5to 20%).[22-27] However, they also elevatetri-
glyceride levels up to 40%. The effects on triglyc-
eride levels are dose-dependent.[24] All effects de-
pend on thetype of estrogen: the synthetic estrogen
ethinylestradiol has a stronger beneficia effect than
do natural estrogens.[?2 Estrogen implants show
the same but weaker pattern on total cholesterol,
LDL-cholesterol and HDL-cholesterol levels, al-
though areversal of the beneficial effect on HDL-
cholesterol has also been reported.[2728] Trans-
dermal estrogens show almost no effects on serum
lipid levels.[24.27.29]

Besides natural progesterone, several synthetic
progestogens exist. These progestogens are either
natural progestogen derivatives (Cp; steroids) or
testosterone derivatives (Cqg steroids) with proges-
togenic activity. When used alone, high doses of

Drug Safety 2001; 24 (6)
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19-nortestosterone derivatives (e.g. norethister-
one) decreasetriglyceridelevelsby 20% and HDL -
cholesterol levels by 25 to 30% and elevate LDL-
cholesterol levels by 6 to 13%.13%31 |_ow doses, as
used in progestogen-only contraceptive pills, show
no significant effects3233 and depot formulations
only lower HDL-cholesterol (by 12 to 30%).[34:3%]

Natural progesterone and its derivatives (me-
droxyprogesterone, medrogestone and dydroges-
terone) show qualitatively similar, but weaker,
effects on serum lipid levels.3% Depot medroxy-
progesterone mainly affectsHDL-cholesterol, which
is decreased by 15 to 30%.[34:36.37]

2.2 Combined Hormone
Replacement Therapy

Hormone replacement therapy is mainly pres-
cribed to relieve menopausal symptoms and pre-
vent osteoporosis. The administration of unopposed
estrogensto postmenopausal women hasbeen shown
to increase the risk of endometrial carcinoma. The
addition of progestogens is therefore widespread,
especialy in women with an intact uterus. How-
ever, some of the beneficia effects of unopposed
estrogens on the lipid profile might be diminished
or even reversed by these progestogens.

Estrogen/progestogen regimens have similar
effects on total cholesterol levels and LDL-
cholesterol levels as unopposed estrogens.[22-24.26.27]
The effects on HDL-cholesterol levels, however,
are weakened (combinations with medroxypro-
gesterone or dydrogesterone) or even reversed
(mainly combinations with norethisterone). Reports
of their effects on triglyceride levels are inconsis-
tent: increases,[22232526 no effectd?3271 and de-
creasesi? have been reported.

A meta-analysis of observational studieson the
association between postmenopausal estrogens and
coronary heart disease showed a protective effect
of this therapy (RR 0.56, 95% CI 0.50 to 0.61).[38]
However, this effect could be attributable to the
‘healthy cohort effect’; women who receive a pre-
scription for hormone replacement therapy might
be healthier, or more determined to stay so, than
women who forgo this therapy.[39 A recent ran-

0 Adis International Limited. All rights reserved.

domised trial showed that treatment with hormone
replacement therapy did not reducethe overall rate
of coronary heart disease in postmenopausal women
with established coronary disease (RR 0.99, 95%
ClI 0.80 to 1.22), despite positive effects on the
lipid profile.[*d Moreover, morewomen inthe hor-
mone group experienced venous thromboembolic
events (RR 2.89, 95% CI 1.50 to 5.58). Treatment
for the purpose of secondary prevention of coro-
nary heart disease alone is therefore not recom-
mended by those investigators.

2.3 Combined Oral Contraceptives

Combined oral contraceptives consist of estro-
gensand 19-nortestosterone derivatives. Their safety
has been reviewed extensively.[41-44 Their effects
on serum lipid levels depend on the androgenicity
of the progestogen. M ore androgenic progestogens
such aslevonorgestrel have larger effectsthan less
androgenic progestogens such as desogestrel and
gestodene. Oral contraceptives with ‘second gen-
eration’ progestogens (levonorgestrel, lynestrenol
and norethisterone) show the most unfavourable
effects. The androgenic and antiestrogenic proper-
tiesof levonorgestrel result in themost pronounced
effects. Formulations with levonorgestrel increase
LDL-cholesterol levels (by 10%) and triglyceride
levels (by up to 50%), whereas HDL -cholesterol
levels are decreased (by 5 to 15%).[324% Prepara-
tions with other ‘ second generation’ progestogens
show similar effects on total-cholesterol, LDL-
cholesterol and triglyceride levels. However, the
effects on HDL-cholesterol may be more benefi-
cial compared with formulationswith levonorgest-
rel _[32,46]

‘Third generation’ progestogens (desogestrel
and gestodene) were designed to reduce the risk of
developing atherosclerosis. These formulations do
show favourable effectson LDL-cholesterol levels
(decreased by 0 to 15%) and HDL -cholesterol lev-
els(increased by 10to 15%), but they alsoincrease
triglyceride levels (by up to 75%).[3241-43] The ef -
fects of desogestrel seem to be slightly more fa-
vourable than the effects of gestodene.

Drug Safety 2001; 24 (6)
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Despite these differences in effect on serum lipid
levels, there is no convincing evidence that com-
bined oral contraceptives containing ‘ second gen-
eration’ progestogens lead to increased risk of
cardiovascular disease compared with formulations
containing ‘third generation’ progestogens. Stud-
ies of myocardial infarction yielded inconsistent
results, which may be attributed to differences in
the methodology of the observational studies. Re-
search isaso complicated by the low absol ute car-
diovascular risk in young women, and sound stud-
ies are rare.[47-49

A number of studies, however, found anincreased
risk of venous thrombosis for formulations con-
taining ‘third generation’ progestogens compared
with formulations containing ‘ second generation’
progestogens,[4749 especially intheyoungest women
who use oral contraceptives for the first time.[>%

2.4 Selective Estrogen Receptor Modulators

Benshushan and Brzezinskil®! reviewed the
effects of long term use of tamoxifen on the lipid
profile. Tamoxifen beneficially affects both total
cholesterol and L DL -cholesterol level sby decreas-
ing them, on average by 13 and 17%, respectively.
HDL -cholesterol levelsdo not change. Thefavour-
able effects are mediated by its partial estrogenic
activity. Reported changesin triglyceridelevelsvary
from no effect to a 30% increase. In 2 randomised
trials of adjuvant tamoxifen therapy for breast can-
cer, the risk of cardiovascular morbidity and mor-
tality was assessed.[5253] These studies suggest a
25% reduction in cardiovascular mortality for wo-
men treated with tamoxifen. However, they inclu-
ded mostly premenopausal women and the effects
of tamoxifen in postmenopausal women and healthy
women remain to be established.

The effects of raloxifene on serum lipid levels
bear agreat resemblanceto the pattern reported for
tamoxifen. In postmenopausal women, raloxifene
decreasestotal cholesterol (by 5to 10%) and LDL-
cholesterol (by 10 to 20%) levels.[5458 HDL -
cholesterol and triglyceridelevel sremain unchanged,
the latter in contrast with tamoxifen therapy. The
effect of raloxifene on the incidence of cardiovas-

0 Adis International Limited. All rights reserved.

cular eventsis currently under investigation in the
Raoxifene Usein The Heart (RUTH) trial.

2.5 Danazol

The main indication for danazol is treatment of
endometriosis. Packard and Shepherd!®® reviewed
published dataon serum lipid level sduring dana-
zol therapy. Danazol induces an increase in LDL-
cholesterol level by 10 to 40% and a decrease in
HDL-cholesterol level by approximately 50%. These
effects are not dose-dependent. Furthermore, they
rapidly return to baseline levels, usualy within 8
weeks after stopping therapy. Triglyceride levels
are not altered.

2.6 Growth Hormone

Adults with growth hormone deficiency have
lipid abnormalities, which may contribute to their
increased risk of cardiovascular morbidity.[60]
Treatment with recombinant human growth hormone
(somatropin) results in decreased levels of total
cholesterol (by 5to 15%) and L DL -cholesterol (by
10 to 25%).161-63] Triglyceride levels remain un-
changed. Studies show inconsistent results regard-
ing the effects on HDL-cholesterol; no effect!61.62]
as well as an increase by 7%!63 or a decrease by
approximately 20%I64 have been reported. These
differences in response of HDL-cholesterol to so-
matropin are not fully understood, but apolipo-
protein E phenotype may be a determining factor
in this response.[®]

3. Retinoids

Retinoidsincludethe natural compound vitamin
A (retinol) and the synthetic derivatives of retinoic
acid, isotretinoin and acitretin.

3.1 Synthetic Retinoids

Isotretinoin is a well established therapy for
treatment-resistant acne vulgaris. Isotretinoin treat-
ment increasestotal cholesterol and L DL-cholesterol
levels by approximately 15% compared with pre-
treatment levels.[%6-74 Reported effects on HDL-
cholesterol are less consistent; nonsignificant ef-

Drug Safety 2001; 24 (6)
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fectd67.7274 aswell as decreases/%6:68.69.73] have been
reported. The most pronounced effects are how-
ever on triglyceride levels, with increases ranging
from 35 to 144%. Barth et al.["1] assessed the need
for routine measurements of plasma lipids in pa-
tientstreated with isotretinoin. They found that the
individuals with the highest levels of serum cho-
lesterol after 16 weeks of treatment (>6.5 mmol/L)
all had elevated cholesterol at the onset of therapy.
Determination of the lipid profile prior to onset of
therapy and measurement of triglyceride levelson
1 occasion after 4 weeks' therapy isrecommended.
More frequent determinations should be saved for
patients predisposed to hypertriglyceridaemia and
patients with diabetes mellitus.

Acitretin is primarily used for the treatment of
severe and therapy-resistant psoriasis. The effects
of acitretin on thelipid profile are less pronounced
than the effects of isotretinoin.[”>79 Total choles-
terol and HDL -cholesterol levels do not change and
triglyceridelevelsincrease by up to 60%. Measure-
ment of lipid levels before onset of acitretin therapy
and after a few weeks' treatment is also recom-
mended. Hypertriglyceridaemia is a contraindica-
tion for both isotretinoin and acitretin treatment.

Dietary supplementation with fish oil in combi-
nation with acitretin therapy may improvetheclin-
ical features of psoriasis compared with acitretin
therapy alone.[”® Moreover, there is a significant
decrease (by 11%) in triglyceride levels after treat-
ment with acitretin and fish oil. Further researchiis
necessary to establish the potential benefit of this
combination.

3.2 Vitamin A

The Caroteneand Retinol Efficacy Lung Cancer
Chemoprevention Trial (CARET) was designed to
assess the effects of long term supplementation with
[3-carotene 30 mg/day and vitamin A 25 000 |U/day
on lung cancer in smokers, former smokers and
workers exposed to asbestos.[8% However, thistrial
ended prematurely because of the unexpected find-
ings that the active treatment group had a 46%
increased mortality from lung cancer and a 26%
increased cardiovascular mortality compared with

0 Adis International Limited. All rights reserved.

placebo.!8l] Based on the knowledge that synthetic
retinoids can affect serum lipid levels, it was hypo-
thesised that the increased cardiovascular mortaity
inthistria was attributable to (3-carotene—induced
or vitamin A—induced dyslipidaemia. Analysis of
the available data showed a small nonsignificant
increase in triglyceride levels, but no differences
in the other lipid levels after a mean follow-up of
5 years.[82 However, in the active treatment group
more participants started lipid-lowering medication
(RR 2.09) and developed diabetes mellitus (RR
2.58). The authors concluded that further research
iswarranted, especially because of the widespread
use of vitamin A supplements and the use of high
dose vitamin A in ongoing cancer preventiontrials.

4. Immunosuppressive Drugs

Patients after successful transplantation show
high cardiovascular morbidity and mortality because
of the accumulation of cardiovascular risk factors
such as hypertension and hyperlipidaemia. This hy-
perlipidaemiamay beinduced by immunosuppres-
sive therapy following transplantation.

All lipid levels are increased and the magnitudes
of the effects depend on the combination of immuno-
suppressive agents (cyclosporin, azathioprine and
corticosteroids) and the gender of the patient.[83-87]
Total cholesterol isincreased by 10 to 40%, LDL-
cholesterol by 0 to 50%, HDL-cholesterol by 0 to
90% and triglyceride levels by 0 to 70%. These
effects seem to be larger in women than in men.
Combinations with cyclosporin tend to have the
largest effects, whereas the combination of aza-
thioprine and prednisone shows the smallest in-
creases.

Immunosuppressive therapy is not only associ-
ated with an increase in LDL-cholesterol levels,
but also with accumulation of triglyceride-enriched
LDL.[%8 Theseare small dense LDL particles, which
are known to be more atherogenic. Low dose cyclo-
sporin (1.25 mg/kg) as used in the treatment of
psoriasis did not significantly affect the lipid pro-
file.l8l

Tacrolimus does not affect total cholesterol and
LDL-cholesterol levels and shows a smaller effect

Drug Safety 2001; 24 (6)
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on triglyceride levels compared with cyclosporin
(10 to 15% increase).l8”] The effects on HDL-
cholesterol aresimilar to the effects of cyclosporin.
One of the newest immunosuppressive drugs, my-
cophenolate mofetil, does not cause adverse effects
on the lipid profile.l8¥ However, sirolimus (rapa-
mycin), another new immunosuppressant, seemsto
have an even more pronounced effect on both cho-
lesterol and triglyceride levels than does cyclospo-
rin_[90-92]

K obashigawa et al.!83] showed that the addition
of pravastatin, a HMG-CoA reductase inhibitor,
after cardiac transplantation beneficially affected
cholesterol levels and, more importantly, 1-year sur-
vival. Treatment with lipid-lowering medi cation after
transplantation may be reasonable, especialy in
patients with multiple cardiovascular risk factors.
HM G-CoA reductase inhibitors are the most valu-
able drugs to improve lipid profiles in transplant
patients.![%] However, simultaneous use of cyclo-
sporin and HM G-CoA reductase inhibitors may in-
crease the risk of myopathy and rhabdomyolysis.
Theinteraction between cyclosporin and HMG-CoA
reductase inhibitorsis not yet fully understood. In-
hibition of the cytochrome P450 (CYP) enzyme
CYP3A4 by cyclosporin and potentia drug inter-
actions between immunosuppressants and HM G-
CoA reductaseinhibitorsin the small intestine may
play an important role.[94 Pravastatin is not signif-
icantly metabolised by CYP enzymes and is the
most hydrophilic HMG-CoA reductase inhibitor.
Together with fluvastatin, which isaCY P2C9 sub-
strate, pravastatin is arelatively safe choice in the
treatment of transplant patients.

5. Protease Inhibitors

Thelipodystrophy syndromeisacommon com-
plication in patients receiving HIV protease inhib-
itors.[®! The syndrome is characterised by periph-
eral fat wasting, central adiposity, dyslipidaemia
and insulin resistance. The cause of the syndrome
is unknown. All protease inhibitors cause the syn-
dromewith similar severity after long term therapy.
However, the onset seemsto bemorerapid with the
combination of ritonavir and saquinavir.[9l

0 Adis International Limited. All rights reserved.

Ritonavir exhibits the most pronounced effects
onserum lipid levels. Datafrom arandomised tria
show that total cholesterol levelswereincreased by
30 to 40% and triglyceride levels were increased
by 200 to 300% throughout the 32 weeks of the
study.!®"1 In another trial, 61% of patientsreceiving
ritonavir had at least adoubling of their triglyceride
levelsin the first 4 weeks, compared with 19% of
patients receiving placebo.[%! These effects of rito-
navir were confirmed in 2 observational studies.[96.99]
Changesin serum lipid levelsby indinavir and nel-
finavir are smaller compared with those by rito-
navir. Total cholesterol and LDL-cholesterol levels
are increased by 15 to 30% and triglyceride levels
increase by 0 to 55%.196.99.100] HD| -cholesterol is
unchanged after protease inhibitor therapy.[99-101]
Combinations of saquinavir with ritonavir or nel-
finavir do not further elevate serum lipid levels.[%9

Cases of extreme hyperlipidaemia, especially
attributableto ritonavir, have been reported.[102.103]
Total cholesterol reached levels of over 25 mmol/L
and triglyceride levelswereincreased up to almost
10 mmol/L in 1 case and to over 60 mmol/L in the
other case. After discontinuation of antiretroviral
therapy and initiation of lipid-lowering medication,
levels returned to normal. Cases of premature cor-
onary artery disease and vascular complications
after protease inhibitor therapy have aso been re-
ported.[104-106] However, 1 patient with acute an-
ginapectoris had normal cholesterol and triglyceride
level 51961 and another patient developed angina after
only 4 weeks of proteaseinhibitor therapy,!1%4 sug-
gesting amechanism other than protease i nhibitor—
induced lipid abnormalities.

High serum triglyceride levels, especialy >10
mmol/L, are known to be associated with an in-
creased risk of pancreatitis. Pancreatitis has been
reported after protease inhibitor therapy and this
may well be related to protease inhibitor—induced
hypertriglyceridaemia.[107-109]

Research on the pharmacological treatment of
protease inhibitor—induced dydlipidaemiais limited.
Treatment switching from triple therapy with the
proteaseinhibitor to triple therapy without a prote-
ase inhibitor is one of the options. In patients not
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previously treated with non-nucleoside reverse tran-
scriptaseinhibitors (NNRTIs), substituting nevira-
pine for protease inhibitor therapy improved the
lipid profile.[119 Another option is adding lipid-
lowering drugs, especially HMG-CoA reductase in-
hibitors or fibrates, to the ongoing protease inhibitor
therapy. However, the use of HM G-CoA reductase
inhibitors in patients receiving protease inhibitors
could be problematic. Most HM G-CoA reductase
inhibitors are metabolised in theliver by CYP3A4
and all protease inhibitors are known to inhibit this
enzyme.'!] Elevated concentrations of HMG-CoA
reductase inhibitors have been associated with
increased risk of myopathy and rhabdomyolysis.
Pravastatin and fluvastatin are again relatively safe
choices because they are not, or not primarily, me-
tabolised by the CY P3A4 enzyme.

Sofar, thereareno studiescomparing the effects
of treatment switching to the effects of adding lipid-
lowering drugsto successful antiretroviral therapy
with a protease inhibitor. Since until very recently
there were no guidelines avail able for the manage-
ment of dyslipidaemiain patientswith HIV,[112] in-
dividual physicians used to make their own judge-
ments based on the beneficial effects of protease
inhibitors on CD4+ lymphocyte count and viral load
and on unfavourable effects on the lipid profile. In
both cases, with or without exi sting guidelines, mon-
itoring lipid levelsis one of the key issues.

6. Antipsychotic Drugs

Treatment with antipsychotic drugs is associ-
ated with increased serum triglyceridelevels. Gaulin
et al.[113] determined serum lipid level changes af -
ter treatment with either clozapine or haloperidol.
Changeswere measured against basdlinelevels. Men
and women treated with clozapine had significantly
elevated triglyceridelevels (increase by 48 and 35%,
respectively), whereas only women treated with
hal operidol showed increased triglyceride concen-
trations (51%). A cross-sectional study published
in 1985 evaluated serum lipid levelsin patients re-
ceiving either a phenothiazine (e.g. chlorproma-
zine) or a butyrophenone (e.g. haloperidol) for a
long time (average 8 years).[114 Therewereno sig-
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nificant differencesin cholesterol levels compared
with the control group. Triglyceride levelsin pati-
ents receiving phenothiazines were approximately
30% higher than in patients receiving butyrophen-
ones, but levelswere not higher than in the control
group.

Studies of cardiovascular disease in patients with
chronic schizophrenia are limited and outdated. The
study by Hussar[11® in 1965 found no increased
prevalence or incidence of cardiovascular disease
in these patients. The more recent introduction of
clozapine for the treatment of schizophrenia has
led to several case reports of pancreatitis probably
attributable to clozapine-induced hypertriglyceri-
daemia.[116]

7. Anticonvulsants

The effects of various anticonvul sants on serum
lipid levels are the subject of controversy. Many
observational studies havereported elevated levels
of both LDL-cholesterol and HDL-cholesterol in
patients receiving anticonvul sants compared with
healthy control participants, whereas others reported
no effects. Thisinconsistency has been observed
in studiesinvolving adults117-119 and in paediatric
studi es_[120—123]

Carbamazepine el evates total cholesterol levels
by 0 to 15% and HDL-cholesterol levels by 0 to
30% compared with healthy control participants.
These effects seem to be more pronounced in women
and they were independent of the dosage of carba-
mazepine and plasma concentrations.[11¥! One study
showed levelsof HDL -cholesterol decreased by al-
most 40%.[118] Phenytoin and phenobarbital have
been studied less frequently, but studies indicate
that both elevate total cholesterol levels by 5 to
15% compared with healthy control participants.
Reported changes in HDL-cholesterol levels vary
from a 40% decrease to a 45% increase. Valproic
acid isthe only anticonvul sant with amore favour-
able effect on the lipid profile. Total cholesterol
levelswith valproic acid tend to be 5 to 20% lower
than thosein control participants. Triglyceridelev-
elsare not affected by any of the anticonvulsants.
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Anticonvulsants, except valproic acid, have en-
zyme-inducing effects on the hepatic microsomal
CY P system, asystem by which they are also prin-
cipally metabolised. The same system is responsi-
ble for the breakdown of cholesterol to bile acids
and competition between anticonvul sants and cho-
lesterol for the enzyme may occur. The net effect
of these 2 mechanisms, the inducing of the enzyme
and the competition for the enzyme, isanincreased
total cholesterol level.[119122]

The clinical relevance of the effects of anticon-
vulsants on the lipid profile is unclear. In awidely
cited study by Muuronen et al.,[124 therisk of death
from ischaemic heart disease in patients receiving
phenytoin, carbamazepine or barbiturates (alone or
in any combination) was 29% |ower thanin control
participants. This difference was not caused by ex-
cessdeathsattributable to any other cause. TheHDL-
increasing propertiesof the anticonvul santsmay be
an explanation for this phenomenon.

8. Implications for Clinical Practice

Many drugs besides lipid-lowering drugs affect
serum lipid levelsin either abeneficial or potentia
harmful way. These drugs differ in the magnitudes
of their effects, varying from a small increase to
more than doubling of levels, and from asmall de-
crease to halving of levels.

Research on the impact of drug-induced dys-
lipidaemiaislimited. However, it may be reasonable
to extrapolate risk from the association between
serum lipid levels and the risk of cardiovascular
diseasefoundin epidemiological studies. TheMul-
tiple Risk Factor Intervention Trial (MRFIT) showed
that the relationship between serum total chol-
esterol and coronary heart disease is continuously
graded without any threshold.[*23] A 1% increasein
serum total cholesterol was associated with an al-
most 2% higher 6-year risk of coronary heart dis-
ease. However, drugs may influencetherisk of car-
diovascular disease through multiple pathways. This
could result in a net effect on risk different from
what would be expected based on the effects of
these drugs on serum lipid levels alone. A clear
exampleistheantihypertensive drugs; despitetheir
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unfavourable effects on the lipid profile, thiazide
diureticsand 3-bl ocking agents do decrease cardio-
vascular morbidity and mortality.

Some general guidelines on the management of
drug-induced dyslipidaemiain daily clinical prac-
ticecan begiven. An equivalent alternativetherapy
for the dyslipidaemia-inducing agent would be pre-
ferred. However, such alternatives are often dif-
ficult to find. Combined oral contraceptives with
progestogens of the ‘third generation’ may not be
an equivalent aternative for formulations contain-
ing ‘second generation’ progestogens, because they
increase the risk of venous thrombosis. ACE inhi-
bitors may be an alternative for the treatment of
hypertension instead of thiazide diuretics and 3-
blocking agents. It was recently confirmed that there
is no significant difference in efficacy in prevent-
ing cardiovascular morbidity and mortality between
these classes of antihypertensive drugs.!126127] How-
ever, thiazide diuretics and -blocking agents are
till considered to befirst-line agentsin most treat-
ment guidelines because of the long term experi-
ence with these agents and the low treatment costs.

If there is no equivalent alternative available,
risks of the treatment should be weighed against
the possible benefit. Although protease inhibitors
strongly influencethelipid profile, their utilisation
in the treatment of HIV isoften necessary. In those
situations, the lipid profile should be determined
before onset of therapy and monitored during treat-
ment. Initiation of lipid-lowering medication can
be considered if increased lipid levels fall within
the ranges indicated by current guidelines for the
management of hyperlipidaemiain the general pop-
ulation. These guidelines also take additional risk
factors for cardiovascular disease into account in
their decision whether to start lipid-lowering med-
ication. If the dyslipidaemia-inducing drug is only
prescribed for ashort period of time, use of alipid-
lowering drug may not be advisable.

Treatment with a dyslipidaemia-inducing drug
should be reassessed in cases of extreme hyper-
cholesterolaemia or extreme hypertriglyceridaemia
that could lead to pancreatitis.
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9. Conclusion

Many drugs affect the lipid profile. However,

the overall effect on cardiovascular morbidity and
mortality not only depends on changesin lipid lev-
els, but also on other drug effects. The existing
guidelinesfor the management of dyslipidaemiain
the general population can also be applied to iatro-
genic dyslipidaemia if drug use is long term. In
cases of extreme drug-induced hyperlipidaemia, me-
dication use should be reassessed.
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