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ABSTRACT

Patients with Type 2 diabetes mellitus (T2DM) have increased cardiovascular disease (CVD) risk. The use
of statins significantly reduces the rate of CVD events but many T2DM patients, especially those with mixed
dyslipidaemia (MD), have residual CVD risk. The use of fibrates, which improve triglyceride and high-density
lipoprotein cholesterol levels, is beneficial for the treatment of patients with MD. Evidence from the Action
to Control Cardiovascular Risk in Diabetes (ACCORD) Lipid study showed a possible beneficial effect on
CVD events of the addition of fenofibrate (FF) to statin treatment in patients with T2DM and atherogenic
MD. Furthermore, FF has been associated with slowing of the progression of early diabetic retinopathy. The
combination of statin with a fibrate may improve the residual CVD risk and microvascular complications of
patients with T2DM. However, trials specifically designed to assess the effects of fibrate-statin combination
on cardiovascular outcomes in patients with T2DM are missing.
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Many patients with T2DM, despite receiving a statin
and having a satisfactory LDL-C concentration,
are characterised by the presence of atherogenic
mixed dyslipidaemia (MD) (elevated TG
concentration and low levels of HDL-C).>48 This
adverse lipid profile is considered a main factor
for the increased CVD risk of diabetic patients on
statin treatment. Indeed, in the Treating to New

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is associated
with a significantly increased risk of cardiovascular
disease (CVD).? The increased CVD risk is, in part,
attributed to an adverse lipid profile observed in
T2DM patients, which includes increased levels
of low-density lipoprotein cholesterol (LDL-C),

increased concentration of triglycerides (TG), Targets study®and in the Pravastatin or Atorvastatin
and reduced levels of high-density lipoprotein Evaluation and Infection Therapy study® it was
cholesterol (HDL-C).3'4 The primary target of shown that patients with LDL-C <70 mg/dl, low

HDL-C levels, and/or increased TG levels had
higher CVD risk compared with patients without
MD. In the Action to Control Cardiovascular Risk
in Diabetes (ACCORD) Lipid study," patients with
T2DM and atherogenic dyslipidaemia (AD) had 70%
greater rate of major CVD events compared with
the group of T2DM patients without AD.

lipid lowering therapy in T2DM patients is the
reduction of LDL-C levels. The use of statins is the
cornerstone of therapy in patients with T2DM, since
these drugs significantly reduce the concentration
of LDL-C and have been proven efficacious for
the reduction of CVD risk.>® In the Collaborative
Atorvastatin Diabetes Study,’” which included 2,838

patients with T2DM, atorvastatin reduced the rate
of major vascular events by 37% in a period of 4
years (p<0.001).
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The ‘residual’ CVD risk in T2DM patients on statin
treatment has also been attributed to many
other variables that affect the atherosclerotic
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progression in patients with T2DM, including the
presence of the atherogenic small-dense LDL
particles, alterations in the distribution of HDL-C
subclasses, and increased levels of inflammatory
markers, such as high-sensitivity C-reactive protein
(hs-CRP) and lipoprotein-associated phospholipase
A21>? The residual CVD risk in diabetic patients
could be targeted with the combination of statins
with other hypolipidaemic drugs that improve MD,
such as fibrates.

FIBRATES

Fibrates are a class of drugs that activate
peroxisome proliferator-activated receptor «a.
Bezafibrate (BF), gemfibrozil (GF), and the newer
agents, fenofibrate (FF) and fenofibric acid
(FA), are members of this family. These drugs
reduce TG levels by 30-50% and increase HDL-C
concentration by 2-20%. Furthermore, fibrates
have been associated with improvement of the
distribution of LDL and HDL subclasses and other
markers of the atherosclerotic process.?®%

The administration of BF and GF as monotherapy
in patients with T2DM has been proven beneficial
in terms of CVD risk reduction.®®% In a more recent
study, the Fenofibrate Intervention and Event
Lowering in Diabetes (FIELD) trial,®® FF 200 mg/
day or placebo was given for 5 years in 9,795
patients with T2DM. FF administration did not
significantly reduce major coronary heart disease
(CHD) events (primary trial outcome; -11%, p=NS).
However, FF administration was associated with
a significant reduction of total CVD events (-11%,
p=0.035) compared with placebo, which was
attributed mainly to the reduction of non-fatal
myocardial infarctions (NFMI) (-24%, p=0.01) and
coronary revascularisations (-21%, p=0.003).%8 It
should be noted that significantly more patients
in the placebo group were receiving statins during
the trial compared with the FF group (17% versus
8%, p<0.0001), a fact that may have obscured the
possible beneficial CVD effect of FF.38

A meta-analysis of 18 trials with 45,058 participants
showed that fibrates resulted in a 10% relative risk
reduction for major CVD events (p=0.048) and a
13% risk reduction for coronary events (p<0.0001).%°
Another meta-analysis of six trials examined
the effects of fibrates in patients with AD.*° The
administration of fibrates reduced the risk of
vascular events by 25% (p<0.001) in 7,389 subjects
with high TG levels, by 29% in 5,068 subjects with
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high TG and low HDL-C levels (p<0.001), and by
16% in 15,303 subjects with low HDL-C (p<0.001).
Of note, fibrate therapy did not reduce the risk
of vascular events in 9,872 subjects without high
TG and low HDL-C (p=0.53).° The beneficial
effects of fibrates in reducing TG levels and
increasing HDL-C concentration seem promising
targets for the reduction of CVD risk in patients
with MD. These beneficial effects, as well the
effects of fibrates on inflammatory markers and
the distribution of LDL subclasses, make these
drugs candidates for use in combination with a
statin aiming to reduce the residual CVD risk in
patients with T2DM.

STATIN-FIBRATE COMBINATION
THERAPY IN PATIENTS WITH T2DM

Effects on Metabolic Variables

Several clinical trials have shown beneficial effects
on the lipid profile in patients with T2DM when
these individuals are treated with a statin/fibrate
combination.#44 The larger trial examining the
statin-fibrate combination is the ACCORD Lipid
study,” which randomised 5,518 patients with
T2DM in FF or placebo on top of simvastatin

(SV). The combination of FF with SV led to
significantly  greater improvements of total
cholesterol (-13.5%), TG (-22.2%), and HDL-C

(+8.4%) levels compared with placebo/SV (-12.5%,
-8.7%, and +6%, respectively, all p<0.05). However,
the improvement in LDL-C levels did not differ
between combination (-18.9%) and placebo groups
(-20.9%, p=0.16)." The effects of SV/FF combination
on postprandial lipid profile was investigated in
a subgroup of 139 subjects from the ACCORD
Lipid trial*® who received an oral fat load. The
combination treatment significantly reduced the
TG incremental area under the curve compared
with the placebo + SV group (p=0.008).
Furthermore, in patients with increased fasting TG
levels, a significant reduction of the atherogenic
apolipoprotein B-48 (ApoB48) was observed
(p=0.008).5> Another double-blind study of 196
patients with newly onset, untreated T2DM, and
MD (treatment groups: SV 40 mg/day, FF 200 mg/
day, SV/FF combination, or placebo) showed that
the combined therapy produced  greater
improvements in the levels of TG and ApoA-|
compared with SV monotherapy, and in the
concentration of total cholesterol, LDL-C and
ApoB levels compared with FF monotherapy (all
p<0.05).4¢ Furthermore, the combination therapy
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significantly improved inflammatory markers, such
as hs-CRP, interferon-gamma, tumour necrosis
factor alpha, and lymphocyte release of interleukin-
2, compared with monotherapy groups.*®

The newer FA has also shown beneficial effects
in terms of lipid profile when combined with a
statin A pooled subgroup analysis of three
randomised, controlled, double-blind trials that
included 586 patients with MD and T2DM showed
that the combination of FA and moderate-dose
statin significantly improved the concentration of
TG (-43.4%) and HDL-C (+16.3%) compared with
moderate-dose statin monotherapy (-24.2% and
+8.7%, respectively), as well as LDL-C (-32.6%)
compared with FA monotherapy (-5.3%, p<0.05
for all comparisons).“® The combination of FA and
low-dose statin produced similar results compared
with monotherapy with low-dose statin or FA. Of
note, the combination of FA with low or moderate-
dose statin led to a 5-fold higher percentage
of patients with simultaneously optimal levels
of LDL-C, TG, non-HDL-C, and HDL-C.*® It should
be mentioned that GF should not be given
combined with a statin due to the increased risk
of rhabdomyolysis. The other fibrates appear safe
when combined with a statin.

Effects on T2DM-Related Complications

The addition of fibrates to statin treatment results
in the improvement of lipid profile and reduction
of estimated cardiovascular risk.* The effect of
statin/fibrate combination on hard CVD endpoints
was investigated in the ACCORD Lipid trial.*® As
mentioned above, the addition of FF to SV resulted
in significant reductions of total cholesterol, TG,
and HDL-C levels (all p<0.05) compared with
the placebo/SV group. However, the observed
reduction in LDL-C levels was similar between
groups (p=0.16)." The annual rate of the primary
outcome (first occurrence of a major CVD event, i.e.
NFMI, nonfatal stroke, or death from CVD causes)
was 2.2% in the FF group and 2.4% in the placebo
group (HR for the FF group 0.92, 95% CI 0.79-1.08;
p=0.32). Similarly, no significant differences were
seen in secondary outcomes (HRs ranged from
0.82-1.17, p=0.10 for all comparisons)." Furthermore,
the annual rate of death from all causes was 1.5%
with the combination of FF/SV, and 1.6% with the
placebo/SV (HR 0.91, 95% CI 0.75-1.10, p=0.33)."

These results do not support the administration of
FF/SV combination therapy in patients with T2DM.
However, the study has received some criticism
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based on the open-label administration of SV and
the fact that the enrolment of patients did not
achieve the predetermined power. Furthermore,
in a pre-specified analysis in the subgroup of
patients with high baseline TG (=204 mg/dl) and
low baseline HDL-C (<34 mg/dl) levels, a significant
reduction in CVD events was observed in the FF +
SV group compared with the placebo group (-28%,
p<0.05)." This result implies that the addition of
a fibrate to statin treatment is beneficial in patients
with AD. Notably, a similar analysis of patients
with marked dyslipidaemia in the FIELD trial
showed a significant reduction of CVD events with
FF compared with placebo (-27% relative risk
reduction, p=0.005).4°

Microvascular complications are another major
factor for the increased morbidity of T2DM
patients. Diabetic retinopathy is one of the most
devastating disabilities. The addition of FF to
SV in the ACCORD Eye Study* (n=2,856) reduced
the rate of progression of diabetic retinopathy
compared with the administration of placebo/

SV (-6.5% versus -10.2%, OR 0.60, p=0.006).
The magnitude of this effect was greater
than the benefit observed with the intensive

glycaemic treatment when compared with the
standard glycaemic treatment in the ACCORD
study (OR 0.67). Additionally, FF in the FIELD
trial® significantly reduced the rate of first laser
treatment for retinopathy compared with the
placebo group (3.4% versus 4.9%, HR 0.69,
pP=0.0002). These effects support the use of FF in
patients with T2DM and early retinopathy. Indeed,
the FF manufacturer has recently announced that it
secured an indication by the Australian Therapeutic
Goods Administration for the use of the drug to
slow the progression of diabetic retinopathy.>?

Patients treated with FF usually experience an
increase in serum creatinine levels, which has been
attributed to several mechanisms.>*%¢ Generally,
the increase in serum creatinine levels during
FF treatment is reversible. In the ACCORD Lipid
study," serum creatinine levels increased from 0.93
to 110 mg/dl in the FF group during the first year,
and from 0.93 to 1.04 mg/dl in the placebo group.
Despite these increases, no significant difference in
the occurrence of end-stage renal disease and the
need for dialysis was observed between treatment
groups. Moreover, the incidence of microalbuminuria
(38.2% versus 41.6%, p=0.01) and macroalbuminuria
(10.5% versus 12.3%, p=0.04) was lower in patients
treated with FF/SV compared with placebo/
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SV, an effect that seems promising for the
prevention of diabetic nephropathy." Furthermore,
there is evidence that long-term FF treatment is
protective against pathological changes in diabetic
nephropathy, and slows the progression of renal
function impairment.5” >

CONCLUSION

Patients with T2DM have a high risk for CVD. The
administration of statins aiming to decrease LDL-C
levels is the cornerstone of therapy in patients with
T2DM. However, many patients with T2DM have
residual CVD risk despite treatment with statins,
which is mainly attributed to the presence of MD.
The addition of a fibrate to statin treatment in
T2DM patients with MD seems promising in terms
of lipid profile improvement and CVD risk reduction.

However, aside from the prespecified analysis from
the ACCORD study, there are no clinical trials yet
to show that fibrate/statin combination therapy
has better results on CVD risk than statin alone in
patients with the atherogenic phenotype.

In conclusion, clinicians could use a fibrate combined
with a statin in T2DM patients at high CVD risk
and MD, since this combination leads to an overall
improvement of the lipidaemic profile. However,
we live in the era of evidence-based medicine and
clinicians should discuss with their patients that
the effects of this combination on CVD events has
not been studied in specifically designed studies.
Medical associations should increase pressure on
drug companies to design one or more future trials
focusing on the role of fibrate-statin combination in
T2DM patients with MD.

86 DIABETES ¢ October 2014

REFERENCES

1. Selvin E et al. Glycemic control and
coronary heart disease risk in persons with
and without diabetes: the atherosclerosis
risk in communities study. Arch Intern
Med. 2005;165(16):1910-6.

2. Huxley R et al. Excess risk of fatal
coronary heart disease associated with
diabetes in men and women: meta-
analysis of 37 prospective cohort studies.
BMJ. 2006;332(7533):73-8.

3. Alsheikh-Ali AA et al. Prevalence of low
high-density lipoprotein cholesterol in
patients with documented coronary heart
disease or risk equivalent and controlled
low-density lipoprotein cholesterol. Am J
Cardiol. 2007;100(10):1499-501.

4. Sarwar N et al. Triglycerides and the risk
of coronary heart disease: 10,158 incident
cases among 262,525 participants in 29
Western prospective studies. Circulation.
2007;115(4):450-8.

5. Baigent C et al. Efficacy and safety
of cholesterol-lowering treatment:
prospective meta-analysis of data from
90,056 participants in 14 randomised
trials of statins. Lancet. 2005;366(9493):
1267-78.

6. Grundy SM et al. Implications of recent
clinical trials for the National Cholesterol
Education Program Adult Treatment Panel
Il Guidelines. Circulation. 2004;10(2):
227-39.

7. Colhoun HM et al. Primary prevention
of cardiovascular disease with
atorvastatin in type 2 diabetes in the
Collaborative  Atorvastatin  Diabetes
Study (CARDS): multicentre randomised
placebo-controlled trial. Lancet.
2004;364(9435):685-96.

8. Gazi IF et al. Hypertriglyceridaemic
waist phenotype criteria and prevalent
metabolic triad in women. Diabetes
Metab Res Rev. 2008;24(3):223-30.

9. Wenger NK et al. Outcomes of using
high- or low-dose atorvastatin in patients
65 years of age or older with stable
coronary heart disease. Ann Intern Med.
2007;147(1):1-9.

10. Cannon CP et al. Intensive versus
moderate lipid lowering with statins after
acute coronary syndromes. N Engl J Med.
2004;350(15):1495-504.

11.GinsbergHN et al. Effects of combination
lipid therapy in type 2 diabetes mellitus. N
Engl J Med. 2010;362(17):1563-74.

12. Gazi IF et al. Clinical importance and
therapeutic modulation of small dense
low-density lipoprotein particles. Expert
Opin Biol Ther. 2007;7(1):53-72.

13. Gazi IF et al. The hypertriglyceridemic
waist phenotype is a predictor of elevated
levels of small, dense LDL cholesterol.
Lipids. 2006;41(7):647-54.

14. Gazi IF et al. Concentration and relative
distribution of low-density lipoprotein
subfractions in patients with metabolic
syndrome defined according to the
National Cholesterol Education Program
criteria. Metabolism. 2006;55(7):885-91.

15. Tellis CC, Tselepis AD. The role of
lipoprotein-associated phospholipase
A2 in atherosclerosis may depend on its
lipoprotein carrier in plasma. Biochim
Biophys Acta. 2009;1791(5):327-38.

16. Hingorani AD et al. C-reactive protein
and coronary heart disease: predictive
test or therapeutic target? Clin Chem.
2009;55(2):239-55.

17. Gazi IF et al. Lipoprotein-associated
phospholipase A2 activity is a marker
of small, dense LDL particles in human
plasma. Clin Chem. 2005;51(12):2264-73.

18. Kei AA et al. A review of the role
of apolipoprotein C-ll in lipoprotein
metabolism and cardiovascular disease.
Metabolism. 2012;61(7):906-21.

19. Filippatos TD et al. Small dense LDL
cholesterol and apolipoproteins  C-lI
and C-lll in non-diabetic obese subjects
with metabolic syndrome. Arch Med Sci.
2008;4(3):263-9.

20. Seifalian AM et al. Obesity and
arterial compliance alterations. Curr Vasc
Pharmacol. 2010;8(2):155-68.

21. Milionis HJ et al. Serum lipoprotein(a)
levels and apolipoprotein(a) isoform size
and risk for first-ever acute ischaemic
nonembolic stroke in elderly individuals.
Atherosclerosis. 2006;187(1):170-6.

22. Filippatos TD et al. Visfatin/PBEF and
atherosclerosis-related diseases. Curr
Vasc Pharmacol. 2010;8(1):12-28.

23. Milionis HJ et al. Excess body weight
and risk of first-ever acute ischaemic non-
embolic stroke in elderly subjects. Eur J
Neurol. 2007;14(7):762-9.

24. Filippatos TD et al. Increased plasma
visfatin levels in subjects with the
metabolic syndrome. Eur J Clin Invest.
2008;38(1):71-2.

25. Filippatos TD et al. Increased plasma
visfatin concentration is a marker of an

atherogenic metabolic profile. Nutr Metab
Cardiovasc Dis. 2013;23(4):330-6.

26. Kolovou GD et al. Primary and
secondary hypertriglyceridaemia. Curr

EUROPEAN MEDICAL JOURNAL



Drug Targets. 2009;10(4):336-43.

27. Filippatos TD et al. Increased plasma
levels of visfatin/pre-B cell colony-
enhancing factor in obese and overweight
patients with metabolic syndrome. J
Endocrinol Invest. 2007;30(4):323-6.

28. Filippatos T, Milionis HJ. Treatment
of hyperlipidaemia with fenofibrate and
related fibrates. Expert Opin Investig
Drugs. 2008;17(10):1599-614.

29. Elisaf M. Effects of fibrates on serum
metabolic parameters. Curr Med Res
Opin. 2002;18(5):269-76.

30. Tsimihodimos V et al. Fenofibrate:
metabolic and pleiotropic effects. Curr
Vasc Pharmacol. 2005;3(1):87-98.

31. Filippatos TD et al. Effect of orlistat,
micronised  fenofibrate and  their
combination on metabolic parameters
in overweight and obese patients with
the metabolic syndrome: the FenOrli
study. Curr Med Res Opin. 2005;21(12):
1997-2006.

32.Filippatos TD et al. The effect of orlistat
and fenofibrate, alone or in combination,
on small dense LDL and lipoprotein-
associated phospholipase A2 in obese
patients with metabolic  syndrome.
Atherosclerosis. 2007;193(2):428-37.

33. Filippatos TD et al. Fenofibrate and
orlistat, alone or in combination, do not
alter plasma visfatin levels in subjects
with metabolic syndrome. J Med Sci Res.
2007;29-10.

34.Filippatos TD et al. Analysis of 6-month
effect of orlistat administration, alone
or in combination with fenofibrate, on
triglyceride-rich lipoprotein metabolism
in overweight and obese patients with
metabolic syndrome. J Clin Lipidol.
2008;2(4):279-84.

35. Filippatos TD et al. The effects of
orlistat and fenofibrate, alone or in
combination, on high-density lipoprotein
subfractions and pre-betal-HDL levels in
obese patients with metabolic syndrome.
Diabetes Obes Metab. 2008;10(6):476-83.

36. Rubins HB et al. Diabetes, plasma
insulin, and cardiovascular disease:
subgroup analysis from the Department of
Veterans Affairs high-density lipoprotein
intervention trial (VA-HIT). Arch Intern
Med. 2002;162(22):2597-604.

37. Elkeles RS et al. Cardiovascular

DIABETES ¢ October 2014

outcomes in type 2 diabetes. A double-
blind placebo-controlled  study  of
bezafibrate: the St. Mary’s, Ealing,
Northwick Park Diabetes Cardiovascular
Disease Prevention (SENDCAP) Study.
Diabetes Care. 1998;21(4):641-8.

38. Keech A et al. Effects of long-term
fenofibrate therapy on cardiovascular
events in 9795 people with type 2
diabetes mellitus (the FIELD study):
randomised controlled trial. Lancet.
2005;366(9500):1849-61.

39. Jun M et al. Effects of fibrates on
cardiovascular outcomes: a systematic
review and meta-analysis. Lancet.
2010;375(9729):1875-84.

40. Lee M et al. Efficacy of fibrates for
cardiovascular risk reduction in persons
with atherogenic dyslipidemia: a meta-
analysis.  Atherosclerosis.  2011;217(2):
492-8.

41, Athyros VG et al. Atorvastatin and
micronized fenofibrate alone and in
combination in type 2 diabetes with
combined hyperlipidemia. Diabetes Care.
2002;25(7):1198-202.

42. Durrington PN et al. Rosuvastatin and
fenofibrate alone and in combination in
type 2 diabetes patients with combined
hyperlipidaemia. Diabetes Res Clin Pract.
2004,;64(2):137-51.

43. Muhlestein JB et al. The reduction
of inflammatory biomarkers by statin,
fibrate, and combination therapy among
diabetic patients with mixed dyslipidemia:
the DIACOR (Diabetes and Combined
Lipid Therapy Regimen) study. J Am Coll
Cardiol. 2006;48(2):396-401.

44, Filippatos TD, Elisaf MS. Fenofibrate
plus simvastatin (fixed-dose combination)
for the treatment of dyslipidaemia. Expert
Opin Pharmacother. 2011;12(12):1945-58.

45, Reyes-Soffer G et al. Effect of
combination therapy with fenofibrate
and simvastatin on postprandial lipemia
in the ACCORD lipid trial. Diabetes Care.
2013;36(2):422-8.

46. Krysiak R et al. Effect of simvastatin
and fenofibrate on cytokine release and
systemic inflammation in type 2 diabetes
mellitus with mixed dyslipidemia. Am J
Cardiol. 2011;107(7):1010-8 el.

47. Filippatos TD. A review of time
courses and predictors of lipid changes

with fenofibric acid-statin combination.
Cardiovasc  Drugs Ther. 2012;26(3):
245-55,

48. Jones PH et al. Efficacy and safety of
fenofibric acid co-administered with low-
or moderate-dose statin in patients with
mixed dyslipidemia and type 2 diabetes
mellitus: results of a pooled subgroup
analysis  from  three  randomized,
controlled, double-blind trials. Am J
Cardiovasc Drugs. 2010;10(2):73-84.

49. Scott R et al. Effects of fenofibrate
treatment on cardiovascular disease risk
in 9,795 individuals with type 2 diabetes
and various components of the metabolic
syndrome: the Fenofibrate Intervention
and Event Lowering in Diabetes (FIELD)
study. Diabetes Care. 2009;32(3):493-8.

50. Chew EY et al. Effects of medical
therapies on retinopathy progression
in type 2 diabetes. N Engl J Med.
2010;363(3):233-44.

51. Keech AC et al. Effect of fenofibrate
on the need for laser treatment for
diabetic retinopathy (FIELD study): a
randomised controlled trial. Lancet.
2007;370(9600):1687-97.

52. http://www.medscape.com/
viewarticle/815213. Accessed: 28th April
2014.

53. Hottelart C et al. Fenofibrate increases
creatininemia by increasing metabolic
production of creatinine. Nephron.
2002;92(3):536-41.

54, Tsimihodimos V et al. Fibrate treatment
can increase serum creatinine levels.
Nephrol Dial Transplant. 2001;16(6):1301.

55. Tsimihodimos V et al. Possible
mechanisms of the fibrate-induced
increase in serum creatinine. Clin Nephrol.
2002;57(5):407-8.

56. Tsimihodimos V et al. Fibrate-
induced increase in serum urea and
creatinine levels. Nephrol Dial Transplant.
2002;17(4).682.

57. Kostapanos MS et al. Fenofibrate and
the kidney: an overview. Eur J Clin Invest.
2013;In press.

58. Tsimihodimos V et al. Summarizing
the FIELD study: lessons from a ‘negative’
trial. Expert Opin Pharmacother.
2013;14(18):2601-10.

EUROPEAN MEDICAL JOURNAL

87



