Drug Safety 2003; 26 (2): 81-91
REVI EW ARTICLE 01 lAIgglé(/}Oi/\éOOQ-OOSI/SSO 00/0

© Adis International Limited. All rights reserved.

Fenofibrate-Induced
Hyperhomocysteinaemia

Clinical Implications and Management

Jutta Dierkes, Sabine Westphal and Claus Luley

Institute of Clinical Chemistry and Biochemistry, University Hospital Magdeburg,
Magdeburg, Germany

Contents
ADBSITOCT 81
1. Elevation of Total Homocysteine: Implication for AtheroscleroticRisk . . . . . . . ... ... . ... 82
2. Elevation of Total Homocysteine by Fibrates: Review of Published Studies . . . . . . .. ... ... 84
3. Mechanisms by Which Fenofibrate May Induce Hyperhomocysteinaemia . . . .. ... ... .. 85
3.1 Influenceon Vitamins . . . . . . . . 85
3.2 Influence on Renal Function/Creatine Metabolism . . . . . . .. ... ... ... .. .. ... 86
3.3 OtherMechanisms . . . . . . . 87
4. Reversal of Homocysteine Elevation: the Action of Vitamins . . . . . . . . .. . ... .. ... ... 87
5. Conclusion . . . . 89
Abstract Fenofibrate is among the drugs of choice for treatment of hypertriglyceridae-

mia and low levels of high-density lipoprotein (HDL)-cholesterol, both
recognised as risk factors for cardiovascular disease. Recently, a number of stud-
ies have shown an elevation of homocysteine levels with fenofibrate or bezafi-
brate therapy. Homocysteine is an atherogenic amino acid derived from the
methionine cycle. At present, the underlying mechanism for this elevation has
not been elucidated. While deterioration of vitamin status does not seem to be
involved, impairment of renal function or changes in creatine metabolism are
regarded as probable mechanisms. In patients not receiving lipid-lowering drugs,
vitamin supplementation with folic acid and vitamin B12 effectively reduces the
plasma homocysteine level. Two studies have shown that addition of folic acid
or a vitamin combination to fenofibrate prevented most of the homocysteine
increase associated with fenofibrate. Although the consequence of increasing
homocysteine levels for cardiovascular risk has not been proven at present, it has
to be considered that fenofibrate will be given for long-term treatment. Therefore,
addition of folic acid and vitamin B12 to fenofibrate can be recommended to
prevent the increase of homocysteine associated with fenofibrate, or treatment
could be changed to gemfibrozil, which does not increase plasma homocysteine
levels.
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There has been considerable debate whether
elevated triglycerides are an independent risk fac-
tor for coronary heart disease or whether this asso-
ciation is mediated by the concurrently observed
low levels of high-density lipoprotein (HDL)-
cholesterol.l2l With respect to cardiovascular
risk, hypertriglyceridaemia must be divided into
isolated hypertriglyceridaemia and combined
hyperlipidaemia. Whereas isolated hypertri-
glyceridaemia is mostly due to an elevation of
chylomicrons, which are most probably not athero-
genic, combined hyperlipidaemia is characterised
by elevated triglycerides and total cholesterol due
to elevation of very low-density lipoprotein
(VLDL)-cholesterol, while low-density lipopro-
tein (LDL)-cholesterol levels are normal or only
slightly elevated and HDL-cholesterol levels are
low. However, normal LDL-cholesterol in this
condition conceals a preponderance of small,
dense LDL particles, which are highly athero-
genic.B Thus, this lipoprotein phenotype has been
called the atherogenic lipoprotein phenotype char-
acterised by elevated triglycerides, low HDL-
cholesterol and small, dense LDL-cholesterol.[3! Tt
is the result of overproduction of triglyceride-
rich lipoproteins and reduced catabolism of LDL-
cholesterol and is among the most often observed
dyslipidaemias.

Drugs of choice for the treatment of hyper-
triglyceridaemia are the fibric acid derivatives,
with the main substances being fenofibrate, beza-
fibrate, ciprofibrate and gemfibrozil. They are ef-
fective in lowering elevated triglycerides, in-
creasing HDL-cholesterol and lowering LDL-
cholesterol.[*31 Although the hydroxymethyglu-
taryl coenzyme A (HMG-CoA) reductase inhi-
bitors (statins) are more powerful in reducing
LDL-cholesterol, the main strength of the fibrates
is the reduction of triglyceride-rich lipoproteins.
Fibrates exhibit their lipid-lowering action by ac-
tivation of the peroxisome proliferation-activated
receptors-o. (PPAR-a), which form a subfamily of
the nuclear receptor gene family. Lowering of
triglycerides by 50% and increase of HDL-choles-
terol by 10-20% can be achieved by administration
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of fenofibrate or the other fibrates.[*5] Worldwide,
about 3—4 million patients are being treated with
fenofibrate and bezafibrate. Generally, fenofibrate
is considered to have a favourable safety profile
and is well tolerated.[>®1 According to drug-
monitoring programmes and intervention stud-
ies,[08] serious adverse effects are rare (<0.5%)
and include hepatitis with jaundice, cholelithiasis
and pancreatitis. Other adverse effects include
muscle pain with increase of creatine phospho-
kinase and abnormal liver function tests.[ In the
drug-monitoring studies, adverse effects were re-
ported in 4-5% of patients receiving micronised
fenofibrate.[%7] In addition, induction of renal
failure has been reported after therapy with fibric
acid derivatives, especially in recipients of renal
transplants®!9 or after cardiopulmonary bypass
surgery.[11]

Recently, it has been reported that fenofibrate
and bezafibrate treatment were associated with
hyperhomocysteinaemia, which is now recognised
as a risk factor for coronary heart disease. This is
obviously a newly observed adverse effect of this
class of hyperlipidaemic drugs that has not been
observed after lipid-lowering therapy with
HMG-CoA reductase inhibitors.[!2:13] Therefore,
this review shows the evidence of hyperhomocys-
teinaemia as a risk factor for thrombosis and ath-
erosclerosis, analyses the studies on fenofibrate
and homocysteine and discusses the underlying
causes of fibrate-induced hyperhomocysteinae-
mia. Finally, studies on the effect of addition of
vitamins to fenofibrate are reviewed and their re-
sults compared with those of other vitamin studies
for homocysteine lowering.

1. Elevation of Total Homocysteine:
Implication for Atherosclerotic Risk

Since the discovery of the inborn error of meta-
bolism homocystinuria in 1962, homocysteine has
attracted much attention because of its association
with thrombosis and cardiovascular disease. The
association of homocystinuria with atherosclerotic
and thrombotic events was extended to mild
hyperhomocysteinaemia, which is now regarded as
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an independent risk factor for cardiovascular dis-
ease and venous thrombosis.['¥1 While children
with untreated homocystinuria have homocysteine
levels of 100 umol/L or more, the upper limit of
the reference range of homocysteine in plasma is
as low as 10-15 pmol/L, depending on the popu-
lation, method of homocysteine determination or
risk stratification. Elevations up to 30 pmol/L are
called mild hyperhomocysteinaemia, and levels
between 30 and 100 umol/L are classified as mod-
erate hyperhomocysteinaemia. About 10% of the
population have mild hyperhomocysteinaemia and
fewer than 1% have moderate or severe hyper-
homocysteinaemia.[!5]

The major causes of mild to moderate hyper-
homocysteinaemia are vitamin B12 or folic acid
deficiency and impairment of renal function. How-
ever, during recent years, a number of drugs have
been identified that are associated with or directly
cause mild hyperhomocysteinaemia.l'®! One of
these drug classes is the fibric acid derivatives,
represented by fenofibrate, bezafibrate, ciprofibr-
ate and gemfibrozil, with fenofibrate having been
studied most intensively with respect to homo-
cysteine metabolism.

The most convincing evidence of whether
hyperhomocysteinaemia is a risk factor for cardio-
vascular disease is derived from epidemiological
rather than from mechanistic studies. The bio-
chemical evidence on the atherogenic effects of
hyperhomocysteinaemia has been investigated in
numerous animal and cell-culture studies. Homo-
cysteine at high concentrations is toxic to endothe-
lial cells, causes platelet aggregation and adhesion,
influences clotting factors in a prothrombotic di-
rection and induces proliferation of smooth muscle
cells. The mechanisms by which elevated homo-
cysteine levels may be atherogenic have been re-
viewed in depth by several authors.['7-18] In addition
to the manifold effects of hyperhomocysteinaemia
shown in vitro, acute and chronic hyperhomo-
cysteinaemia has been shown in vivo to be associ-
ated with endothelial dysfunction, an early event
in atherogenesis.!'?-20] The endothelial dysfunction
induced by acute hyperhomocysteinaemia after
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methionine loading has been suggested to be the
effect of the pronounced elevation of the free
homocysteine moiety in plasma.[?!! Interestingly,
endothelial dysfunction can be attenuated by con-
current application of antioxidative vitamins!22-23]
or folic acid.[?425 The mechanism by which hyper-
homocysteinaemia causes endothelial dysfunction
is thought to be dependent on the generation of
reactive oxygen species through homocysteine and
decreased nitric oxide (NO) bioavailability. The
concurrent elevation of asymmetrical dimethyl-
arginine (ADMA), a strong inhibitor of the NO
synthase,[?! may further contribute to the endo-
thelial dysfunction associated with hyperhomo-
cysteinaemia. However, no mechanism can fully
explain the atherogenic effects of elevated homo-
cysteine concentrations.

The association of mild hyperhomocysteinae-
mia with fatal or nonfatal cardiovascular disease
or total mortality was studied in a large number of
retrospective studies, which more or less unequiv-
ocally identified hyperhomocysteinaemia as a risk
factor for cardiovascular disease.[?’] Since 1992, a
number of prospective studies have been published
that investigated the association of homocysteine
with either future cardiovascular events or total
mortality. Most, but not all of these studies have
shown an association of elevated homocysteine
concentrations with vascular disease, and the asso-
ciation is even more pronounced with mortality.
These studies have been reviewed and subjected to
various meta-analyses showing that an increase of
homocysteine is associated with increased risk for
coronary heart disease, stroke and peripheral arte-
rial and venous occlusive disease.[?32%1 Thus, mild
to moderate hyperhomocysteinaemia is regarded
as a risk factor for occlusive vascular disease by
most authors,[4] although the independent associ-
ation between homocysteine and vascular disease
has been questioned by some scientists.3% Re-
cently, additional studies have been published
that investigated the association of hyperhomo-
cysteinaemia with mortality.31:32] From these
studies it appeared that hyperhomocysteinaemia is
even more closely related to total or cardiovascular
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disease mortality than to cardiovascular disease
morbidity. However, the association between
hyperhomocysteinaemia and cardiovascular dis-
ease has motivated clinical trials investigating the
effect of homocysteine lowering on cardiovascular
endpoints (including venous thrombosis) involv-
ing about 60 000 patients and controls.[2833-35]
These studies will answer whether lowering of
homocysteine by vitamin supplementation will
also reduce cardiovascular morbidity and mortal-
ity. Results of these studies will be published after
2003.

2. Elevation of Total Homocysteine by
Fibrates: Review of Published Studies

An increase in total homocysteine in plasma
has been reported for different derivatives of fi-
bric acid, namely fenofibrate, ciprofibrate and
bezafibrate. Most studies investigated the effect
of fenofibrate on the plasma homocysteine level
(a total of 173 patients).[36-441 A homocysteine-
increasing effect has also been documented for

bezafibrate (38 patients in three studies)[3943-46]
and ciprofibrate (26 patients),[*®! whereas gem-
fibrozil had no effect on plasma homocysteine after
short-term intervention in 22 patients.[*3]

From the published studies, it appeared that the
homocysteine-increasing effect of fenofibrate was
independent of time, as it was observed after short-
term treatment for 6-9 weeks,[37-38.41-44] after inter-
mediate treatment for 10—12 weeks!3%-3%! and after
6 months.!*% In all studies, the effect was quite
comparable and was about a 30-40% increase of
the baseline homocysteine level (table I). Some
studies also observed an increase in the other
sulphur-containing amino acids methionine and
cysteinel36:40-411 and the dipeptide cysteinylgly-
cine.[40]

The homocysteine-increasing effect of beza-
fibrate appears to be smaller: in three studies,
homocysteine increases of 17 and 9% and even a
decrease were reported.[3845401 Ciprofibrate was
associated with an increase of homocysteine of
57% in one study.[*0] Individual data on the

Table I. Studies investigating the effect of different fibrates on plasma homocysteine level (mean values + SD)

Reference Fibrate dose (mg) duration

Population studied

Basal and post-treatment
homocysteine (umol/L)

de Lorgeril et al.[%¢] Fenofibrate 200 [12wk]

Hyperlipidaemic men (n = 29)

11.4+£35—-516.6+52

Landray et al.l¥”] Fenofibrate dose according Patients with chronic renal failure (n = 8) 151 — 21.82
to renal failure [8wk] [GFR 23 ml/min]
Dierkes et al.[%] Fenofibrate 200 [6wk] Hyperlipidaemic men (n = 10) age 39-56y 13.1 - 20.02
Bezafibrate 400 [6wk] Hyperlipidaemic men (n = 10) age 39-56y 11.9 —» 15.52
Melenovsky!®] Fenofibrate 200 [10wk] Hyperlipidaemic men (n = 29) 12.4 + 36.5%
Jonkers et al.4%] Bezafibrate 400 [6wk] Hyperlipidaemic men (n = 16) 11.9+21 514.1+29
Giral et al.4] Fenofibrate 200 [6mo] Hyperlipidaemic patients (n = 29) 12.3+3.9 > 16.2+4.6

Bissonnette et al.1]
Harats et al.46]

Dierkes et al.*?]

Westphal et al.*?!

Stulc et al.#4

Fenofibrate 200 [8wk]
Ciprofibrate [12wk]

Bezafibrate [12wk]

Fenofibrate 200 [6wk]
Fenofibrate 200 + vitamins [6wK]
Gemfibrozil 900 [6wk]

Fenofibrate 200 [6wk]
Fenofibrate 200 + folic acid

10 every other day [9wk]
Fenofibrate 200 mg/day [9wkK]

Hyperlipidaemic men (n = 20)
Hyperlipidaemic patients (n = 26)
Hyperlipidaemic patients (n = 12)
Hyperlipidaemic patients (n = 25)
Hyperlipidaemic patients (n = 25)
Hyperlipidaemic patients (n = 22)

Hyperlipidaemic patients (n = 22)
Hyperlipidaemic patients (n = 11)

Hyperlipidaemic patients (n = 11)

10.3+3.3 > 14.1+3.8
+57%

-16%
+4.4+£530r+44+47%
+1.1+28o0r+13+25%

12.9 (7.1-23.6) »12.4
(6.3-29.5)

10.7 (4.4-24.8) — 14.4
(7.7-23.1)
10.1£2.3 - 12.2+ 3.1

123+32—-519.1+£7.2

a Median.

GFR = glomerular filtration rate; SD = standard deviation.
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homocysteine increase were provided in three
studies.[4041.441 These studies showed that the
homocysteine-increasing effect of fenofibrate oc-
curred over the whole range of baseline homocyst-
eine levels, and that the increase was similar for
baseline homocysteine between 4 and 18 umol/L.
The homocysteine-increasing effect was observed
in the majority of patients: in one study, an in-
crease was observed in 26 of 29 patients (90%),[40]
and other studies reported increases in 100% of
patients*!1 and in 21 out of 22 patients.[*! In our
studies, homocysteine increases after fenofibrate
were observed in 9 out of 10 patients*8! and in 23
out of 25 patients.[*?] Although analysed in only
a few studies, the homocysteine-increasing effect
of fenofibrate seems to be independent of baseline
vitamin status or methylenetetrahydrofolate re-
ductase (MTHFR) C677T genotype.[41:42]

Thus, the published studies so far show a nearly
uniform association of fenofibrate treatment with
an increase in plasma homocysteine, although the
absolute numbers of patients in whom the effect
has been reported are small. The homocysteine-
increasing effect of fenofibrate and other fibrates
is therefore a newly observed adverse effect. Sus-
pected mechanisms for this effect may be alter-
ation in renal function, creatine metabolism in
muscles, vitamin metabolism or PPAR-o activa-
tion by fibric acid derivatives.

3. Mechanisms by Which Fenofibrate
May Induce Hyperhomocysteinaemia

The major determinants of fasting plasma
homocysteine concentration in the average popu-
lation are the status of folic acid and vitamin
B12,47) renal function,*84%] the C677T polymor-
phism in the gene of MTHFRDPY and male sex.[!%]
The generation of homocysteine is also closely
linked to creatine synthesis, thus explaining part of
the association with muscle mass and renal func-
tion.[>1-531 Additionally, various drugs have been
identified as influencing the plasma homocysteine
level,!'® namely fibric acid derivatives, nicotinic
acid, phenytoin, methotrexate and metformin.
Mechanisms by which these drugs may influence
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the homocysteine concentration are their influence
on folic acid and vitamin B12 bioavailability and
metabolism, deterioration of renal function, or
other, as yet unknown interactions on a molecular
level.

3.1 Influence on Vitamins

The effect of fenofibrate on the metabolism or
plasma level of the vitamins involved in homocyst-
eine metabolism has been addressed by only a few
of the studies that investigated the homocysteine-
increasing effect of fenofibrate. In our stud-
ies,[384243] we found, after short-term treatment
with bezafibrate, fenofibrate or gemfibrozil, no ef-
fect on plasma levels of folic acid, vitamin B12 or
pyridoxal-5-phosphate (the active metabolite of
vitamin B6). In another study, vitamin levels (se-
rum folic acid, vitamin B12 and vitamin B6) were
also measured and no effect on vitamin level by
fenofibrate was observed after 8§ weeks of ther-
apy.[41]

Intracellular folic acid concentration, which is
thought to be a more reliable marker for long-term
folic acid status, was not determined in these stud-
ies and has not yet been investigated in any
fenofibrate trial. Keeping in mind the short-term
nature of most of the trials that investigated homo-
cysteine and fenofibrate, measuring intracellular
folic acid concentration would not have shed much
light on the association of vitamin status and
fenofibrate. Another option to assess changes in
vitamin status is the measurement of metabolic
markers such as methylmalonic acid for vitamin
B12. However, the concentration of this marker is
also influenced by renal function!®* and its use for
vitamin B12 status measurement may be not ap-
propriate in a situation when a drug may concur-
rently influence renal function. Another argument
against a pronounced effect of fenofibrate on vita-
min status is the safe, long-term use of fenofibrate
in daily practice. We are not aware of any reports
on fenofibrate-induced macrocytic anaemia, the
specific sign of folic acid and vitamin B12 defi-
ciency. Thus, at present it can be concluded that
fenofibrate has no particular influence on folic
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acid, vitamin B12 or vitamin B6 metabolism and
that disturbances of these vitamins are most prob-
ably not the underlying cause of the homocysteine-
increasing effect of fenofibrate.

3.2 Influence on Renal
Function/Creatine Metabolism

There is a scientific debate as to whether feno-
fibrate causes impairment of renal function and
whether this may be causative for the increase of
homocysteine. Administration of fenofibrate
causes a significant, pronounced, but reversible
increase in serum creatinine.[!%55] However, in
most patients the creatinine levels are within the
reference range during fenofibrate therapy and do
not attract the particular interest of the physician.
Indeed, this adverse effect is not very well known,
although some case reports showed that discontin-
uation of fibrate therapy was necessary because
of development of renal failure.®!!l However, a
deterioration of neither glomerular filtration rate
nor renal plasma flow due to fenofibrate or
bezafibrate therapy was observed in studies using
reliable and accurate techniques.[*3-% Thus, a rea-
son for the increase in creatinine other than a de-
crease of the glomerular filtration rate may be in-
creased creatine turnover in muscles, resulting in
increased serum creatinine and increased urinary
creatinine.[5% Similar data are also reported on the
use of bezafibrate:[*°] despite a 20% increase of
serum creatinine and a 15% increase of urinary
creatinine there was no change of the creatinine
clearance in 16 patients. Since urinary creatinine is
dependent on muscle mass and turnover, this sug-
gests that fenofibrate or bezafibrate change the
creatine/ creatinine metabolism in muscle. On the
other hand, the plasma homocysteine level is
closely linked to creatine metabolism and muscle
mass, as creatine synthesis is dependent on the
methyl donor S-adenosylmethionine, rendering S-
adenosylhomocysteine. It was suggested that about
80% of the formed homocysteine during the methi-
onine cycle is due to creatine synthesis.[>?! Indeed,
dietary administration of the precursor molecule
guanidinoacetate to rats resulted in a significant
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increase in plasma homocysteine, while adminis-
tration of creatine itself decreased plasma homo-
cysteine in ratsi®’! or had no effect on plasma
homocysteine in humans.8! Thus, increases in
creatine synthesis will stress the methionine cycle
and probably also increase the synthesis and the
plasma level of homocysteine.

However, two observations are in conflict with
the reports on unaltered renal function after
fenofibrate.[*3-561 First, a 20% increase of cystatin
C during fenofibrate therapy was observed in
studies[334243] that measured this specific marker
of glomerular filtration rate,*8] suggesting impair-
ment of renal function by fenofibrate. A plausible
mechanism for the effects of fenofibrate on re-
nal function is down-regulation of the renal cyclo-
oxygenase (COX)-2 enzyme system through acti-
vation of PPAR-o, affecting the synthesis of
vasodilating prostaglandins.®! This particularly
affects glomerular filtration rate in patients with
impaired renal function who are dependent on the
vasodilating prostaglandins synthesised by the
COX-2 system.[%0] Second, in two studies we also
measured creatine kinase as a marker of increased
creatine metabolism.[*243] In neither of the studies
was a change of creatine kinase observed, which
could have been expected if muscle metabolism
was affected by fenofibrate.

A present, the effect of fenofibrate on renal
function as the underlying cause of hyperhomo-
cysteinaemia remains a subject of debate. In-
creases of biochemical markers such as serum cre-
atinine, urea and cystatin C suggest an effect of
impaired renal function, which was, however, not
shown in studies measuring renal blood flow and
glomerular filtration rate. More studies are neces-
sary before a final conclusion can be drawn.

However, although the effect of fenofibrate on
renal function remains unclear, it can be calculated
whether the creatinine increase can fully explain
the homocysteine increase. Data from cross-
sectional studies show the close relationship be-
tween serum creatinine and homocysteine. The
theoretical increase of homocysteine associated
with a 10-20% increase in serum creatinine can be
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calculated by regression analysis and can be com-
pared with the observed increase of homocysteine
after fenofibrate. For this purpose, we used data
from healthy middle-aged menl'>! and from
healthy elderly (Dierkes et al., unpublished data).
The mean increase of creatinine by fenofibrate in
our studies was 12 umol/LB842] and the plasma
homocysteine increase was on average 4.4 = 5.3
wmol/L. Linear regression from the cross-sectional
data revealed that a 12 umol/L higher level of se-
rum creatinine was associated with 1.4 umol/L
higher plasma homocysteine in the healthy elderly
men and with 0.7 umol/L higher homocysteine in
the middle-aged men. Similar figures have been
reported earlier in healthy men and women.[>3! It
appears that the fenofibrate-induced homocysteine
increase is much higher than the estimated increase
of 0.7-1.4 pmol/L. Thus, other mechanisms,
which still have to be identified, may additionally
play a role in the increase of total homocysteine
after fenofibrate therapy.

This finding is in line with the observation that
the increase in homocysteine by fenofibrate was
not or only weakly associated with the increase in
serum creatinine.l37401 A recalculation of our
own data®?! revealed that the correlation between
increase of plasma homocysteine and creatinine
was weak and nonsignificant (r = 0.28; NS). In
other studies, data on a correlation between the
increase in plasma homocysteine and creatinine
are lacking.

3.3 Other Mechanisms

The option that fenofibrate interacts with me-
thionine/homocysteine metabolism either via in-
creased synthesis or reduced degradation at a mo-
lecular level cannot be excluded.

The homocysteine-increasing effect of fibric
acid derivatives seems to be independent of the
lipid-lowering effect of the fibrates. In a single
study, the increase in homocysteine was associated
with the increase of HDL-cholesterol.[*)) In con-
trast to fenofibrate and bezafibrate, gemfibrozil
has not been observed to have a homocysteine-
increasing effect.l*?! Gemfibrozil does not activate
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PPAR-0, suggesting the possibility that activation
of PPAR-a may influence homocysteine meta-
bolism.[®!l However, currently there are no data
on any association between homocysteine meta-
bolism and PPAR-o activation in the scientific lit-
erature. One study reported a positive association
between homocysteine plasma level and the mRNA
expression of PPAR-8 in peripheral mononuclear
cells.[621 However, since fibrates do not activate
PPAR-§,[03] this does not seem to be a likely ex-
planation for the homocysteine increase by
fibrates.

Interestingly, lipid lowering with niacin also in-
creases the homocysteine concentration.[64-66]
The homocysteine-increasing effect of niacin
was observed after acute administration of the
drug and is believed to be associated with the con-
siderable methyl group demand exhibited by nia-
cin. The methyl groups, however, are derived from
S-adenosylmethionine, thus rendering S-adenosyl-
homocysteine.[®# In contrast to niacin, fenofibrate
is not methylated during its metabolisation, mak-
ing increased methyl demand an unlikely explan-
ation for the homocysteine increase by fenofibrate.

4. Reversal of Homocysteine Elevation:
the Action of Vitamins

To date, numerous studies have investigated the
effects of vitamins on the plasma homocysteine
level in healthy volunteers, patients with coronary
heart disease and patients with varying degrees of
renal disease.[°7%8] In contrast, only two studies
have been published that investigated the effect of
vitamins on fenofibrate-induced hyperhomo-
cysteinaemia.l*>44! Both studies showed that the
addition of either folic acid or a combination of
folic acid, vitamin B12 and vitamin B6 reduced the
increase of plasma homocysteine associated with
fenofibrate. However, in both studies, a significant
increase of plasma homocysteine after fenofibrate
plus vitamins was observed, although the increase
was significantly lower than the increase with
fenofibrate alone. This is in contrast to the de-
crease of homocysteine that has been observed af-
ter vitamin supplementation without fenofibrate
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and is demonstrated by comparison of studies with
fenofibrate and vitamins with studies that investi-
gated the effect of vitamins on homocysteine with-
out fenofibrate.

With respect to homocysteine lowering by vita-
mins, two important conditions have to be consid-
ered. First, folic acid is responsible for most of the
homocysteine lowering that is observed after vita-
min supplementation, although there is no clear
dose-dependent effect. Second, the reduction of
homocysteine is more dependent on the initial
homocysteine level than on the dose of folic acid
or other vitamins. Therefore, a retrospective com-
parison of the fenofibrate-vitamin studies with vi-
tamin studies should consider the vitamin combi-
nation and dose and the baseline homocysteine
concentration.[68]

In our fenofibrate-vitamin study,“Zl we used a
low-dose vitamin combination consisting of 650g
folic acid, Smg vitamin B6 and 50pg vitamin B12.
Comparable vitamin preparations have been used

in hyperhomocysteinaemic men,[®! in normo-
homocysteinaemic volunteers,!’%! in healthy young
women,’!] and in two studies with patients with
coronary heart diseasel’273! (table II).

In all these studies, a decrease of homocysteine
was observed. In one study with coronary artery
disease patients,[7?! there was a substantial propor-
tion of nonresponders (14%) which could be due
to the inclusion of patients with CAD who received
drugs that prevented the homocysteine-lowering
effect of the vitamin combination.

Stulc et al.l*4 investigated the effect of folic
acid 10mg every other day together with feno-
fibrate. This dose is comparable to folic acid Smg/
day given to normohomocysteinaemic volun-
teers!’% or patients with CAD and normal homo-
cysteine levels.’#! In the vitamin studies without
fenofibrate, significant and pronounced decreases
of homocysteine were observed which are again in
contrast to the increase of plasma homocysteine
observed after folic acid and fenofibrate.[]

Table Il. Studies investigating the effect of vitamins in patients treated with fenofibrate and comparison with the effect of vitamin
supplementation studies without fenofibrate

Reference

Dose? and duration

Basal and post-treatment
homocysteine (umol/L)

Comment

High-dose vitamins
Stulc et al.#4

den Heijer et al.’
Thambyrajah et al.l’4!
Low-dose vitamins
Dierkes et al.*2
Schnyder et al.[”2!
den Heijer et al.l’®!
Ubbink et al.[69

Wald et al.l”?]

Dierkes et al."]

Fenofibrate 200 mg/day + 10mg
FA every other day, 9wk

5mg FA, 56 day (n = 35)

5mg FA, 12wk (n = 43)

Fenofibrate 200 mg/day + 0.65mg
FA + 0.05mg vitamin B12 + 5mg
vitamin B8, 6wk (n = 25)

1mg FA + 0.4mg vitamin B12 +
10mg vitamin B6, 6mo (n = 105)
0.5mg FA, 56 days (n = 36)

0.65mg FA + 0.4mg vitamin B12
+ 10mg vitamin B6, 6wk (n = 20)
0.2, 0.4, 0.6, 0.8 or 1.0mg FA,
3mo (n = 25 each group)

0.4mg FA + 2mg vitamin B6, 4wk
(n=36)

10.1+2.3 5122431
11.8 (7.0-22.1) - 8.7 (5.9-13.8)

11.7 (10.6-13.0) - 9.3 (8.5-10.1)

9.9 (6.7-19.9) - 11.7 (7.0-19.8)

11.1+43 572124

12.2 (4.7-22.3) - 10.0 (2.8-13.8)
26.9 - 13.6

0.2ug—1.2 umol/L; 0.4ug—1.3 umol/L;
0.6ug—1.8 umol/L; 0.8ug—2.7 pumol/L;

1.0ug—2.5 umol/L
7.7 (4.4-13.1) — 6.4 (3.9-10.8)

Mean + SD, hyperlipidaemic men

Median and range, healthy
volunteers

Mean and 95% ClI, patients with
CAD

Median and 5th and 95th
percentile, hyperlipidaemic men

Mean + SD, patients with CAD

Median and range, healthy
volunteers

Mean, hyperhomocysteinaemic
men

Median change in each group,
median baseline homocysteine
was 13.4 umol/L

Geometric mean and range,
healthy women

a Vitamin doses are provided as daily dose.
CAD = coronary artery disease; FA = folic acid; SD = standard deviation.
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Hence, it can be concluded that the addition of
vitamins to fenofibrate prevents much of the ob-
served increase of homocysteine induced by
fenofibrate. However, in contrast to vitamin sup-
plementation studies without fenofibrate, there is
no decrease of homocysteine after vitamin treat-
ment. The effect of fenofibrate can obviously mask
the effect of the vitamin.

5. Conclusion

A number of studies have shown that lipid-
lowering therapy with fenofibrate or bezafibrate is
associated with an increase of the plasma concen-
tration of total homocysteine. Fenofibrate exhibits
a stronger effect on plasma homocysteine than
bezafibrate, and on average, the homocysteine
level increases by 30—40%. The increase is obvi-
ously not associated with the triglyceride-lowering
and HDL cholesterol-increasing effect of fenofi-
brate, but appears to be related to either changes of
renal function or changes in creatine metabolism.
However, more studies are needed that investigate
the underlying mechanism responsible for the
homocysteine increase.

At present, it appears that increasing homocyst-
eine levels are associated with increasing cardio-
vascular risk, although the association appears to
be weaker than for elevated blood cholesterol.30]
However, although the exact meaning of the
homocysteine increase remains to be elucidated,
this is an unwanted and undesirable effect of feno-
fibrate and bezafibrate.

Options to manage this problem include switch-
ing to other lipid-lowering agents, including
HMG-CoA reductase inhibitors or gemfibrozil, or
adding vitamins to fenofibrate. HMG-CoA reduc-
tase inhibitors have been shown to have no effect
on the homocysteine level;l1%13:36] however, these
agents lack most of the ability to decrease elevated
triglycerides and to increase HDL cholesterol.>]
Therefore, HMG-CoA reductase inhibitors are not
an alternative treatment for many patients with
hypertriglyceridaemia. However, the homocyst-
eine-increasing effect has not been observed after
gemfibrozil,*3] another fibrate that lowers triglyc-

© Adis Infernational Limited. All rights reserved.

erides effectively. In addition, gemfibrozil has
been shown to be effective in lowering cardio-
vascular morbidity in prospective intervention
trials.[75761 However, there is only one study show-
ing that gemfibrozil has no effect on homocyst-
eine. This finding warrants confirmation in other
studies. The other option is the addition of folic
acid or a vitamin combination to fenofibrate. Two
studies(*?441 have shown that the lipid-lowering
effect of fenofibrate is not influenced by the addi-
tion of vitamins, and that most of the homocysteine
increase can be prevented by concurrent adminis-
tration of high-dose folic acid or low-dose multi-
vitamins. Addition of vitamins is safe and does not
substantially increase the costs of fenofibrate treat-
ment. Since many studies have shown that hyper-
homocysteinaemia is a risk factor for cardiovascu-
lar disease, one should choose one of the following
options: either the choice of gemfibrozil as lipid-
lowering drug or the addition of vitamins to
fenofibrate as a safe and easy measure to reduce
the concurrent homocysteine increase.
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