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Abstract

A meeting of European experts in cardiovascular (CV) disease and lipids was convened in Paris, France, on 10 November 2014 to discuss 
lipid profi le, and in particular atherogenic dyslipidaemia (AD), and associated CV risk. Key points that were raised and discussed during 
the meeting are summarised in this paper, which also accounts for further discussion and agreement on these points by the group of experts.
Elevated levels of low-density lipoprotein cholesterol (LDL-c) are commonly associated with a greater CV risk than low LDL-c levels, and 
are routinely managed with statins. However, even for patients controlled on statins and achieving low LDL-c levels, abnormal lipid profi les 
observed in some patients (i.e. elevated triglyceride levels, with/without low levels of high-density lipoprotein cholesterol [HDL-c]) have 
been linked to the presence of a residual CV risk. Therefore, it is recommended that both triglyceride and HDL-c levels be measured, to 
allow for the overall CV residual risk to be adequately managed. Favourable safety and clinical data support the combination of statins with 
other lipid-lowering agents, such as fenofi brate. Patients who have elevated triglyceride levels plus low levels of HDL-c are most likely to 
achieve clinical benefi t from fenofi brate–statin combination therapy. In these patients with AD, achieving target non-HDL-c levels should 
be a key focus of CV risk management, and the use of non-HDL-c was advocated to provide a better measure of CV risk than LDL-c levels.
© 2015 Elsevier Ireland Ltd. All rights reserved.

Keywords: Atherogenic dyslipidaemia; cardiovascular risk; cholesterol; combination therapy; fenofi brate; statins; triglycerides
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Introduction

A meeting of European experts in cardiovascular (CV) disease 
and lipids was convened in Paris, France, on 10 November 
2014 to discuss current understanding of atherogenic 
dyslipidaemia (AD) and its associated macrovascular risk. 
The meeting was co-chaired by Alberico Catapano and 
Roberto Ferrari who moderated group discussions on the 
evidence base supporting the role of fenofi brate–statin 
combination therapy in reducing macrovascular risk in 
patients with AD, following intro ductory presentations by 
Carlos Aguiar, Michel Farnier and Alberto Zambon. This 
paper summarises the experts’ current understanding within 
the context of the literature, and reviews the key points 
discussed both during and after the meeting.

Current understanding of atherogenic dyslipidaemia, 
cardiovascular risk and fi rst-line statin therapy

Atherogenic dyslipidaemia

Atherogenic dyslipidaemia is characterised by increased 
levels of total triglycerides and very-low-density lipoprotein 
(VLDL) triglycerides, decreased levels of high-density 
lipoprotein cholesterol (HDL-c), as well as levels of low-
density lipoprotein cholesterol (LDL-c) that are normal or 
moderately increased (Table 1) [1-4]. The LDL particles 
in AD are smaller and more dense, and have an increased 
atherogenic potential [5]; small, dense HDL particles also 
occur [6].

Prevalence of AD was reported in the Dyslipidemia 
International Study, which was conducted on 22 063 
statin-treated outpatients (with or without diabetes) in Europe 
and Canada [7], and showed that elevated tri glycerides and/
or low HDL-c levels were persistent in these patients. AD 
is, however, generally under-treated and under-controlled 
[8]; understanding of the pathophysiology underlying AD is 
limited and further research is warranted.

Lipid abnormalities and associated macrovascular risk

Epidemiological data support the signifi cant association 
between high levels of LDL-c and increased CV risk 
compared with low levels of LDL-c. Moreover, there is a high 
level of concordance between epidemiological, genetic and 
clinical-trial data sets in support of this relationship [10,11]. 
For example, observational epidemiology esti mates derived 
from >25 000 individuals in prospective cohort studies 
showed that a one standard deviation increase in LDL-c was 
associated with an increased risk of myocardial infarction 
(MI) (odds ratio [OR]: 1.54; 95% confi dence interval [CI]: 
1.45, 1.63). Likewise, a Mendelian randomisation study 
showed that a one standard deviation increase in LDL-c 
conferred by genetic score increased MI risk signifi cantly 
(OR: 2.13; 95% CI: 1.69, 2.69; p = 2×10–10) [12].

Understanding the direct effects of LDL-c levels on CV risk 
is simpler than comprehending those based on HDL-c levels 
and triglycerides. Unlike LDL, HDL is highly heterogeneous 
in terms of its physicochemical properties, size, shape, 

density, apolipoprotein composition and surface charge, 
which refl ects the diverse functions of HDL [13]. Beyond 
reverse cholesterol transport, HDL subpopulations also exert 
antioxidant, anti-infl am matory, cytoprotective, vasodilatory, 
anti-infectious and immunomodulatory effects [14]; HDL 
particles may improve glucose metabolism [15] and play a 
role in the development of type 2 diabetes mellitus (T2DM) 
[16,17]. HDL-c levels (together with triglycerides) can help 
in the assessment of the residual CV risk in statin-treated 
patients who have low LDL-c levels, but may still be at risk 
for CV events due to high triglyceride and/or low HDL-c 
levels. Findings from two meta-analyses demonstrated that 
individuals on statin treatment with low levels of HDL-c 
(≤0.9 mmol/L) experienced a higher incidence of major CV 
events than those with HDL-c >1.1 mmol/L, not only in the 
general population but also in patients with T2DM [18,19]. 
Importantly, these fi ndings emphasise the higher CV-event 
burden associated with low levels of HDL-c in patients with 
T2DM compared with the general population. Although low 
HDL-c is predictive of increased CV risk, the complexity 
of its metabolic interrelationship with additional risk factors 
(e.g. LDL-c and triglyceride levels) must be considered.

The prevalence of low HDL-c and high triglyceride levels 
in patients with proven CV disease has been evaluated in 
a number of studies and shows the importance of AD as a 
potential CV risk factor [20,21]. Furthermore, data from the 
PROVE IT-TIMI 22 (Pravastatin or Atorvastatin Evaluation 
and Infection Therapy-Thrombolysis In Myo cardial Infarc-
tion), ACCORD-Lipid (Action to Control Cardio vascular 
Risk in Diabetes), IDEAL (Incremental Decrease in End 
Points through Aggressive Lipid Lower ing) and TNT 
(Treating to New Targets) studies demonstrate that higher 
triglyceride levels are associated with higher rates of death 
and major CV events [22,23]. In addition, data from these 
key clinical studies highlight that combinations of high 
levels of LDL-c plus high triglyceride levels (PROVE IT-
TIMI 22) and low levels of HDL-c plus high triglyceride 
levels (ACCORD-Lipid) are associated with the highest 
risk of major CV events [23,24]. In the ACCORD-Lipid 
study in particular, patients with AD (defi ned as high levels 
of triglycerides [≥2.31 mmol/L] and low levels of HDL-c 

Table 1.
Lipid profi le in atherogenic dyslipidaemia [1-4].

Lipid  
parameter  Atherogenic dyslipidaemia Thresholdsa

LDL-c • Normal/moderate increase  n/a
  in LDL-c levels
 • Increase in small, dense 
  LDL particles 

HDL-c • Decrease in HDL-c levels Men: <1.0 mmol/L
 • Increase in small, dense  Women: <1.3 mmol/L
  HDL particles

Triglycerides • Increase in total triglycerides ≥1.7 mmol/L
 • Increase in VLDL triglycerides
a According to the International Atherosclerosis Society’s defi nition of 
the metabolic syndrome [9].
-c = cholesterol, HDL = high-density lipoprotein, LDL = low-density 
lipoprotein, VLDL = very-low-density lipoprotein.
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[≤0.88 mmol/L]) had a 71% greater rate of major CV events 
compared with patients without AD [24]. These fi ndings 
have been corroborated by other researchers who identifi ed a 
synergistic detrimental impact of high levels of triglycerides 
and low levels of HDL-c on residual CV risk in subjects with 
target LDL-c levels (Figure 1) [25]. This is reinforced by a 
meta-analysis of seven clinical trials analysing intravascular 
ultrasound performed on 3437 patients with coronary 
artery disease, which showed that despite achieving LDL-c 
≤1.81 mmol/L, over 20% of patients continued to show 
evidence of plaque progression [26]. These patients had 
notably high levels of triglycerides and apolipoprotein 
B, demonstrating the need to control atherosclerotic 
factors beyond LDL-c in the prevention of coronary heart 
disease (CHD) [26]. Moreover, analysis of data from 3501 
individuals in the Framingham Offspring Study found that 
all combinations of high LDL-c (>3.4 mmol/L), low HDL-c 
(<1.0 mmol/L) and high triglyceride levels (>1.7 mmol/L), 
with the exception of isolated hypertriglyceridaemia, led to 
an increased risk of CV disease [27].

Data from the PROVE IT-TIMI 22 study in subjects 
who reached target LDL-c levels (<1.8 mmol/L) showed 
that subjects with low triglyceride levels (<1.7 mmol/L) 
achieved a greater relative CV-risk reduction than those with 
triglyceride levels ≥1.7 mmol/L (–28% vs –16%, respect-
ively) [23]. Further data from the study demonstrated that 
higher triglyceride levels are associated with a signifi cantly 
increased risk of death, MI or recurrent acute coronary 
syndrome (p < 0.001). A clear association between elevated 
triglycerides levels and increased risk of CV disease was also 
identifi ed in the Copenhagen City Heart Study, Copenhagen 
General Population Study and the Emerging Risk Factors 
Collaboration [28]. Moreover, fi ndings from the Copenhagen 
City Heart Study highlighted the association between 
elevated levels of non-fasting triglycerides and increased risk 
of MI irrespective of gender [29], as well as increased risk 
of ischaemic stroke [30]. A meta-analysis conducted on data 
from the dal-OUTCOMES and the MIRACL (Myocardial 
Ischemia Reduction with Acute Cholesterol Lowering) 
trials involving 15 817 and 1501 statin-treated patients with 
acute coronary syndrome (ACS), respectively, showed that 
elevated fasting triglycerides (refl ecting triglyceride-rich 

lipoproteins) were associated with short- and long-term risk 
of ACS [31]. Based upon all the evidence, it seems that it is 
currently beyond any doubt that elevated triglycerides are 
indeed a risk factor for CV events [32].

There is evidence to support an increased risk of CHD 
and ischaemic stroke associated with lower levels of HDL-c 
[33]. The importance of AD in cerebrovascular disease 
was also demonstrated in an exploratory analysis of data 
from patients with stroke or transient ischaemic attack 
receiving best medical therapy, including statins, in two 
prospective randomised trials (PERFORM [Prevention of 
Cerebrovascular and Cardiovascular Events of Ischemic 
Origin with Terutroban in Patients with a History of Ischemic 
Stroke or Transient Ischemic Attack] and SPARCL [Stroke 
Prevention by Aggressive Reduction in Cholesterol Levels]) 
[34]. Patients with AD (low HDL-c ≤1.0 mmol/L; high tri-
glycerides ≥1.7 mmol/L) had an increased residual risk of 
major CV events versus those without AD [34]. Furthermore, 
analysis of data from the TNT study showed that HDL-c 
levels remain predictors of residual risk for 5-year major CV 
events, despite patients having reached target LDL-c levels 
(<1.8 mmol/L) [35].

Specifi c triglyceride-rich lipoprotein remnants (i.e. remnant 
VLDL and intermediate-density lipoproteins [IDL]) have 
also been linked to CV risk. Preclinical data support the 
atherogenic-promoting nature of remnant triglyceride-rich 
lipoproteins [36-38]. An analysis of data from 73 513 subjects 
in the Copenhagen General Population Study, Copenhagen City 
Heart Study, and Copenhagen Ischemic Heart Disease Study 
found robust clinical evidence to support the role of remnant 
lipoproteins as a CV risk factor [39,40]. Findings from this 
study showed that causal and observational risk estimates 
for ischaemic heart disease increased signifi cantly by 182% 
(p = 1×10-17) and 37% (p = 5×10-17), respectively, per 1 mmol/L 
increase in remnant lipoprotein cholesterol levels.

Further clinical evidence suggesting the utility of remnant 
lipoproteins as a CV risk factor is based on a subgroup 
analysis from the ACCORD-Lipid study that identifi ed a 
signifi cantly greater reduction in post-prandial triglyceride 
levels in patients treated with statin plus fenofi brate 
compared with those on statin monotherapy (p = 0.008) 
[41]. However, statin plus add-on therapy led to signifi cant 

Figure 1. Synergistic detrimental impact of high levels of triglycerides and low levels of HDL-c on residual CV risk in patients on target LDL-c.
a 345 patients with mean LDL-c <2.1 mmol/L.
CHD = coronary heart disease, HDL = high-density lipoprotein, LDL = low-density lipoprotein.
Carey VJ, et al. Am J Cardiol 2010 Sep 15;106(6):757-63, with permission from Elsevier.
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reductions in apolipoprotein B48 levels compared with statin 
monotherapy only in a subset of patients with increased 
fasting triglyceride levels (p = 0.003). These fi ndings should 
be interpreted with caution given the limited number of 
genetic variants tested, the use of high-fat meals containing 
a sizeable fraction of proteins and carbohydrates, and the 
variable, unspecifi ed use of antidiabetic medications. The last 
two factors could potentially increase interpatient variability 
in insulin response. In addition, analysis of data from niacin 
studies suggests that changes in small LDL particles and 
triglyceride-rich lipoprotein subfractions are signifi cantly 
associated with changes in risk of major CV events [42].

Non-HDL-c is well defi ned as a secondary target in the 
treatment of dyslipidaemias in the European Atherosclerosis 
Society (EAS)/European Society of Cardiology (ESC) 
guide lines, which set a specifi c target of 0.8 mmol/L higher 
than the corresponding LDL-c target [11], and its importance 
is also stressed in the European guidelines on CV disease 
prevention in clinical practice [43]. Moreover, non-HDL-c 
measures account for all atherogenic lipoproteins and is 
believed to provide an improved estimate of CV risk than 
LDL-c in those who have hypertriglyceridaemia plus 
diabetes, metabolic syndrome or chronic kidney disease. 
Optimising secondary targets can be considered in patients 
at very high CV risk after achieving a target LDL-c; if non-
HDL-c is used, the targets should be <2.6 mmol/L (in patients 
with T2DM and CV disease or chronic kidney disease, and 
those >40 years of age without CV disease but who have at 

least one other CV-disease risk factor or markers of target 
organ damage) and <3.3 mmol/L in all patients with T2DM. 
Findings from a meta-analysis of 62 154 statin-treated 
patients enrolled in eight trials, with data published between 
1994 and 2008, demonstrated that patients who achieved 
target LDL-c levels without reaching target non-HDL-c 
levels had a 32% increased risk of CV events compared 
with those who achieved dual target levels for LDL-c and 
non-HDL-C (Figure 2) [44]. This fi nding may be due to 
the presence of unstable atherosclerotic plaques given that 
non-HDL-c is a far better predictor of plaque infl ammation 
than LDL-c [45], as further evidenced by the previously 
described meta-analysis of Bayturan and colleagues [26].

Lipid abnormalities and associated microvascular risk

Clinical management of patients with T2DM has been mostly 
concentrated on prevention of macrovascular complications, 
more precisely CV disease due to atherosclerosis. However, 
recent data highlight the importance of microvascular 
complications, particularly diabetic retinopathy, nephropathy 
and neuropathy, which are responsible for >50% of the 
disability burden associated with diabetes and impose an 
immense health cost [46-52].

Several comprehensive reviews have highlighted AD as 
an important contributor not only to lipid-related residual 
macrovascular risk, but also to microvascular complications 
in patients with T2DM receiving best standards of care 

Figure 2. Non-HDL-c: Emerging target for the treatment of (residual) CV risk.
-c = cholesterol, CI = confi dence interval, CV = cardiovascular, EAS = European Atherosclerosis Society, ESC = European Society of Cardiology, HDL = high-
density lipoprotein, HR = hazard ratio, IDL = intermediate-density lipoprotein, LDL = low-density lipoprotein, VLDL = very-low-density lipoprotein.
Boekholdt SM, et al. JAMA 2012 Mar 28;307(12):1302-9. Copyright © 2012 American Medical Association. All rights reserved.
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for prevention of CV disease, including intensive statin 
treatment [53-56]. For example, the Verona Diabetes 
Study, a longitudinal, observational study in 979 patients 
with T2DM, highlighted the relevance of a high fasting 
triglycerides/HDL-c ratio to the increased risk of developing 
diabetic retinopathy or nephropathy [57]. This association 
was independent of confounding factors, including glycated 
haemoglobin, blood pressure, LDL-c, albuminuria, T2DM 
duration and body mass index. A post-hoc analysis from 
the ADVANCE (Action in Diabetes and Vascular disease: 
preterAx and diamicroN-MR Controlled Evaluation) study 
also highlighted low levels of HDL-c as a prognostic factor 
for the development of diabetic-related renal events, in 
particular new-onset albuminuria; however, an association 
between low levels of HDL-c and the risk of diabetic 
retinopathy was not established [58].

Most recently, the role of AD in determining microvascular 
risk has been strengthened by results from the REALIST 
(REsiduAl risk, LIpids and Standard Therapies) study 
performed in 13 countries on 2535 patients with T2DM who 
had diabetic kidney disease, diabetic retinopathy or both 
complications, and 3683 matched controls [59]. Elevated 
levels of triglycerides and low levels of HDL-c were both 
signifi cantly and independently associated with diabetic 
microvascular complications, specifi cally diabetic kidney 
disease, while the association was not robust for diabetic 
retinopathy. Available data on the relevance of elevated 
triglycerides for progression of diabetic neuropathy, a 
causative factor in lower-extremity amputations, are much 
more modest [60,61].

Simultaneous treatment of multiple risk factors may 
help reduce the risk of micro- as well as macrovascular 
complications. The STENO-2 study showed that in patients 
with T2DM and microalbuminuria, an intensive long-term 
(mean 7.8 years) multifactorial approach targeting blood 
glucose, blood pressure and lipids leads to a reduction in the 
risk of not only cardiovascular disease (hazard ratio [HR]: 
0.47; 95% CI: 0.24, 0.73), but also diabetic nephropathy 
(HR: 0.39; 95% CI: 0.17, 0.87), retinopathy (HR: 0.42; 95% 
CI: 0.21, 0.86), and cardiac autonomic neuropathy (HR: 
0.37; 95% CI: 0.18, 0.79) [62], but the residual risk for these 
complications remains high.

Collectively, these data suggest a rationale for targeting 
AD, in addition to best standards of care, to reduce the residual 
risk of diabetic microvascular complications in patients with 
T2DM.

F irst-line therapy of dyslipidaemia and CV risk

There is a substantial evidence base of published data from 
primary and secondary prevention studies describing the 
established relationship between reduced incidence of CHD 
events and low levels of LDL-c due to intensive, primarily 
statin-based, lipid-lowering therapy [63-66].

Findings from a Cholesterol Treatment Trialists’ (CTT) 
Collaborators meta-analysis demonstrated that statin therapy 
reduces not only the 5-year incidence of major vascular 
events by 21% per mmol/L unit reduction in LDL-c, but also 
the risk of all-cause, all-vascular and CHD-related mortality 

[18]. Moreover, fi ndings from another CTT Collaborators 
group meta-analysis of 14 randomised statin studies in 
18 686 patients with T2DM demonstrated that each mmol/L 
unit reduction in LDL-c levels translates into signifi cantly 
lower rates of total mortality (–9%; p = 0.02), vascular 
mortality (–13%; p = 0.008), MI or coronary mortality 
(–22%; p < 0.0001) and stroke (–21%; p = 0.0002) [19].

Benefi cial effects of lowering LDL-c levels further were 
investigated in the long-term IMPROVE-IT (IMProved 
Reduction of Outcomes: Vytorin Effi cacy International Trial) 
study conducted in 18 144 patients with post-acute coronary 
syndrome [67]. In this study, a combination of ezetimibe with 
simvastatin was associated with a 24% decrease of LDL-c 
levels at Year 1, compared with simvastatin alone (end of Year 
1 mean LDL-c: 1.4 vs 1.8 mmol/L; p < 0.001). Simvastatin 
plus ezetimibe therapy also lead to a signifi cant improvement 
in the primary endpoint of overall CV event rate (7-year 
composite measure of CV death, MI, unstable angina, coronary 
revascularisation or stroke) compared with simvastatin alone 
(32.7% vs 34.7%; p = 0.016) (7-year numbers needed to treat 
[NNT7] = 50).

However, patients receiving statin treatment may still be 
at risk of CV events, i.e. residual CV risk, depending on their 
lipid profi le. Further fi ndings from the CTT meta-analysis 
demonstrated that residual CV risk is high in patients with 
T2DM and statin-treated vascular disease in comparison 
to those without T2DM and with placebo-treated vascular 
disease, as evaluated by rate of vascular disease events 
(26.3% vs 23.5%, respectively) [19]. Data from several 
outcome trials highlight the magnitude of the challenge posed 
by residual CV risk despite statin therapy, with AD being 
recognised as an important modifi able lipid factor of residual 
CV risk, especially in patients with insulin resistance, by the 
Residual Risk Reduction Initiative (R3i) [54,68].

Based on the currently available data, a different 
approach to lipid-lowering treatment has been advocated 
for patients with AD beyond statin monotherapy [69]. This 
may mirror antihypertensive treatment, which evolved from 
monotherapy several decades ago to include combinations 
of two, three or even four drugs to lower blood pressure by 
different mechanisms to achieve optimal effects.

The role of fenofi brate add-on therapy to statins in 
reducing residual CV risk

Fenofi brate and reduced risk of macrovascular events

Fenofi brate is a peroxisomal proliferator-activated receptor 
alpha (PPARα) agonist that exerts a range of lipid-modifying 
and non-lipid-modifying effects [70]. Lipid effects associated 
with fenofi brate use include reduced triglyceride levels, 
increased HDL-c levels and a reduction in the number of 
small, dense LDL particles, which arise due to changes in the 
expression of genes that modify lipid metabolism.

Several studies have contributed evidence in support 
of the clinical benefi ts of fenofi brate–statin combination 
therapy. For example, fi ndings from a US multicentre, 
randomised, double-blind, active-controlled, 18-week study 
(SAFARI [Simvastatin plus Fenofi brate for Com bined 
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Hyperlipidemia]) in 618 patients with combined hyper-
lipidaemia (fasting triglyceride levels ≥1.7 and ≤5.6 mmol/L, 
and LDL-c >3.4 mmol/L) demonstrated that fenofi brate–
simvastatin combination therapy leads to signifi cantly greater 
improvements in lipoprotein profi le (triglycerides, LDL-c, 
HDL-c, total cholesterol, non-HDL-c, apolipoprotein B and 
apolipoprotein A-I; p < 0.001) compared with simvastatin 
monotherapy [71]. Improvements were observed within 
4 weeks of starting fenofi brate–simvastatin combination 
therapy and there was evidence to suggest that fenofi brate 
may mitigate the glucose-elevating effects of simvastatin 
monotherapy. Moreover, fenofi brate–simvastatin combina-
tion therapy led to a signifi cantly greater reduction from 
baseline in the proportion of small, dense LDL particles 
at Week 12 (72.2% vs 32.1%; p < 0.001), compared to the 
monotherapy group (81.0% vs 81.6%; p < 0.001 vs combi-
nation therapy).

Further evidence comes from the FIELD (Fenofi brate 
Intervention and Event Lowering in Diabetes) and ACCORD-
Lipid studies, which recruited patients with T2DM but did 
not require patients to have atherosclerotic CV disease at 
baseline [24,72-74]. In the FIELD study, 9795 patients with 
no current statin indication at baseline were randomised 
to fenofi brate monotherapy or placebo; however, a statin 
or other lipid-lowering agent could be initiated in either 
treatment group throughout the course of the 5-year study 
[72]. Signifi cantly more patients in the placebo group 
were taking non-study lipid-lowering agents (essentially 
statins) by the end of the study, compared to patients in the 
fenofi brate group (p < 0.0001). In this study, the baseline 
triglyceride levels were 1.73 and 1.74 mmol/L in the 

placebo and fenofi brate groups, respectively. Fenofi brate 
was associated with a non-signifi cant 11% relative reduction 
in the primary endpoint (fi rst occurrence of either non-
fatal MI or death due to CV causes) (p = 0.16), which 
corresponded to a signifi cant 24% relative reduction in non-
fatal MI (p = 0.01). Although the primary endpoint was not 
met in the FIELD study, signifi cant improvements across a 
range of secondary, macrovascular-related outcomes were 
observed in fenofi brate-treated patients compared with 
those in the placebo group. Of note, a subgroup analysis in 
patients with low HDL-c levels (<1.0/1.3 mmol/L) and/or 
high triglyceride levels (≥2.3 mmol/L) suggested that these 
patients might derive particular benefi t from fenofi brate-based 
therapy, with a relative reduction in CV death, MI, coronary/
carotid event or revascularisation versus placebo of 14%, 
13% and 27% in patients with low levels of HDL-c or marked 
hypertriglyceridaemia (≥1.7 mmol/L), or both low levels 
of HDL-c and high levels of triglycerides (≥2.3 mmol/L), 
respectively [74].

In the ACCORD study, 10 251 patients with T2DM who 
were at high risk of CV disease were randomised to receive 
either intensive glycaemic control or standard therapy; a 
subgroup of patients were also enrolled in the ACCORD-
Lipid trial and randomised to receive simvastatin plus 
either fenofi brate or placebo (Figure 3) [24,75]. The study’s 
primary endpoint (fi rst occurrence of a major CV event, 
including non-fatal MI, non-fatal stroke, or death from CV 
causes) was not met, with a non-signifi cant 8% relative-
risk reduction reported in the fenofi brate–simvastatin 
group compared with simvastatin monotherapy. Of note, 
the median triglyceride levels at baseline in all patients 

Figure 3. Effect of simvastatin–fenofi brate versus simvastatin treatment in patients with AD and in all other patients in the ACCORD-Lipid study.
a Cardiovascular events (primary outcome): fi rst occurrence of non-fatal myocardial infarction, non-fatal stroke or death from cardiovascular causes.
ACCORD = Action to Control Cardiovascular Risk in Diabetes, AD = atherogenic dyslipidaemia, HDL-c = high-density lipoprotein cholesterol, TG = 
triglycerides.
Adapted from Ginsberg HN, et al. N Engl J Med 2010 Apr 29;362(17):1563-74.
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were 1.8 mmol/L. Importantly, a pre-specifi ed subgroup 
analysis in patients with AD (high triglyceride plus low 
HDL-c levels [≥2.3 and ≤0.9 mmol/L, corresponding to the 
highest and lowest tertile, respectively; 17% of overall study 
population]) achieved clinical benefi t from combination 
therapy, as demonstrated by a 31% risk rate reduction in CV 
death, MI or stroke versus placebo (NNT5 = 20; p = 0.032) 
[24,76]. Therefore, in both the FIELD and ACCORD studies, 
fenofi brate treatment did not signifi cantly reduce CV events 
in the total population, in whom overall baseline triglycerides 
levels were not elevated; however, fenofi brate signifi cantly 
reduced CV events in patients with AD in both studies. In a 
subgroup analysis of patients from the ACCORD-Lipid study 
who had reached target LDL-c levels but failed to reach target 
non-HDL-c levels on statin at baseline, fenofi brate simvastatin 
combination therapy led to a signifi cant reduction in CV events 
compared with simvastatin monotherapy (p = 0.023) [76].

Further evidence supporting the clinical benefi ts of 
fi brate-based therapy in patients with AD was provided by a 
meta-analysis of fi ve placebo-controlled studies (ACCORD, 
FIELD, BIP [Bezafi brate Infarction Prevention], HHS 
[Helsinki Heart Study] and VA-HIT [Veterans Affairs HDL 
Intervention Trial]) on a subgroup of 4726 subjects with AD 
(defi ned according to ACCORD-Lipid criteria), which found 
that fi brate use was associated with a 35% reduction in the 
risk of coronary events (OR: 0.65; 95% CI: 0.54, 0.78) [77] 
(Figure 4).

Published observational and long-term studies contribute 
to the evidence base supporting the clinical benefi ts of 
combining statins with other lipid-lowering agents in 
patients with AD. These include subgroup analyses and 
meta-analyses demonstrating the clinical benefi ts of 

fenofi brate–simvastatin combination therapy. Of note, the 
2013 American College of Cardiology/American Heart 
Association guidelines are essentially based around statin 
treatment only; and it was suggested that the 2011 EAS/ESC 
guidelines were more appropriate for use in Europe [78].

The European Medicines Agency approved fenofi brate as 
an adjunct to improving diet and other non-pharmacological 
treatments (e.g. exercise, weight reduction) for the treatment 
of: (1) severe hypertriglyceridaemia, with or without low 
levels of HDL-c; (2) mixed hyperlipidaemia when a statin 
is contraindicated or not tolerated; and (3) mixed hyper-
lipidaemia in patients at high CV risk, in addition to a statin 
when triglycerides and HDL-c levels are inadequately con-
trolled [79]. Of note, fenofi brate is the only fi brate approved 
as add-on therapy to a statin in the aforementioned patient 
group with mixed hyperlipidaemia.

Safety of fenofi brate–statin combination therapy versus 
statin monotherapy

Fenofi brate can be considered separately from other fi brates 
based on known differences in the number of nuclear co-
factors that are activated or repressed. In particular, fenofi brate 
does not infl uence the metabolism or pharmacokinetics of 
statins, whereas gemfi brozil inhibits statin glucuronidation-
mediated lactonisation, resulting in an increased statin 
plasma concentration and risk of myotoxicity [80]. In 
the ACCORD-Lipid study, fenofi brate treatment did not 
increase the risk of myositis or rhabdomyolysis when used 
in combination with a statin [24].

Of note, fenofi brate–statin combination therapy has been 
used for a suffi ciently long period of time, therefore ongoing 

Figure 4. Impact of fi brates on macrovascular events risk according to lipoprotein phenotype [77].
a 4726 patients with atherogenic dyslipidaemia (defi ned by ACCORD-LIPID criteria).
ACCORD = Action to Control Cardiovascular Risk in Diabetes, AD = atherogenic dyslipidaemia, BIP = Bezafi brate Infarction Prevention, CI = confi dence 
interval, FIELD = Fenofi brate Intervention and Event Lowering in Diabetes, HHS = Helsinki Heart Study, OR = odds ratio, VA-HIT = Veterans Affairs HDL 
Intervention Trial.
Sacks FM, et al. N Engl J Med 2010 Aug 12;363(7):692-4. Copyright © 2012 Massachusetts Medical Society. Reprinted with permission from Massachusetts 
Medical Society.



12 C. Aguiar et al. / Atherosclerosis Supplements 19 (2015) 1–12 

pharmacovigilance activities, as well as randomised clinical 
trials, would be expected to detect any safety signals and fl ag 
any potential issues over its continued use.

A key advantage of fenofi brate–statin combination 
therapy is its glucose-mitigating effects compared with statin 
monotherapy in patients with AD (as demonstrated in the 
ACCORD-Lipid study). Although the impact of fenofi brate 
treatment on glucose homeostasis and insulin sensitivity is still 
unclear, it has been proposed that fenofi brate effects on glucose 
levels may depend on the patient profi le, and may be more 
evident in patients with metabolic syndrome and AD [81,82].

Furthermore, fenofi brate–statin combination therapy does 
not lead to an increased incidence of adverse events or 
serious adverse events compared with either monotherapy. 
The combined therapy has led to signifi cant increases in 
alanine aminotransferase in a small percentage of patients 
in the ACCORD-Lipid study that, although not considered 
serious, do warrant consideration. Increased creatinine pro-
duc tion has also been reported in some patients receiving 
this combined therapy, which is of the same magnitude as 
that observed with fenofi brate monotherapy and does not 
seem to have clinically important consequences for patients 
with T2DM. The reversibility of fenofi brate effects on renal 
function observed in the ACCORD-Lipid study was analysed 
in a post-withdrawal study, which showed that the increase in 
serum creatinine levels was reversible 51 days after the end 
of treatment [83]. Likewise in the FIELD study, the initial 
increase in plasma creatinine levels was followed by a smaller 
long-term creatinine rise in the fenofi brate group versus 
placebo group (7.9 μmol/L vs 9.2 μmol/L; p = 0.01) [84].

Analysis of data from 9795 patients with T2DM included 
in the FIELD study demonstrated that 5 years of treatment 
with fenofi brate led to a signifi cantly greater reduction 
in urine albumin concentrations compared with placebo 
(23.7% vs 11.5%; p < 0.001) and, in a subset of patients, 
to a signifi cantly lower annual loss of estimated glomerular 
fi ltration rate (eGFR) than placebo (1.19 vs 2.03 mL/min/ 
1.73m2; p < 0.001) [84]. Moreover, greater preservation of 
eGFR in fenofi brate-treated patients was associated with 
hypertriglyceridaemia at baseline, with or without low levels 
of HDL-c, and with triglyceride reduction (≥0.48 mmol/L) 
during the 6-week fenofi brate run-in period. In the ACCORD-
Lipid study, a signifi cant reduction in the progression of 
micro- and macroalbuminuria was observed in fenofi brate-
treated patients vs those receiving placebo (p < 0.05) [24]; 
no signifi cant changes in end-stage renal disease or mean 
change in urine albumin/creatinine ratio were observed [85].

Long-term fenofi brate treatment led to a non-signifi cant 
increased incidence of pancreatitis events versus placebo 
in the FIELD study (0.8% vs 0.5%) [72]. Additionally, a 
recent meta-analysis on lipid-modifying therapies and risk of 
pancreatitis reported no association between fi brate therapy 
and pancreatitis [86].

Beyond effi cacy and safety: Advantages of fi xed-dose 
combination therapy

Lipid-lowering drugs are frequently prescribed as part of 
a combination therapy. However, prescription of complex 

drug regimens has been reported as a cause for medication 
non-adherence [87], with simplifi cation of the drug regimen 
reported to be associated with increased adherence to lipid-
lowering therapy [88].

Insuffi cient adherence to lipid-lowering drugs has been 
shown to increase CV morbidity and mortality [89]. In this 
study, patients with intermediate–high adherence to statin 
therapy, defi ned as 61–81% of the proportion of days covered 
(PDC) by fi lled prescriptions, and high adherence (PDC 
>80%) had a reduction in the risk for all-cause mortality 
compared to patients with low adherence (PDC 21–40%) 
(47% and 54% vs low adherence, respectively).

Based on experience from hypertension and diabetes 
studies, several theoretical advantages of fi xed-dose over 
free-dose combination therapies can be proposed, including 
improved adherence to prescribed medication due to a 
smaller number of pills, higher persistence with a simple 
dosing regimen and improved treatment effectiveness, that 
collectively serve to reduce the overall burden of disease 
[87,90].

Summary of key discussion points and group consensus

The group noted that understanding of AD pathophysiology 
is lacking and that research efforts need to be improved 
to address this important shortcoming. There was also 
consensus that it might be helpful if the defi nition of AD 
could be simplifi ed and made more practical; however, the 
group recognised that oversimplifying a complex process 
would be counterproductive.

Based on the available evidence base, the group reached 
a consensus that individuals with higher levels of LDL-c are 
exposed to a greater CV risk than their counterparts with 
lower levels of LDL-c. Moreover, elevated triglyceride levels 
are associated with an increased risk of death and major CV 
events, which is further exacerbated by concurrently high 
levels of LDL-c or low levels of HDL-c. It was noted that 
although elevated triglyceride levels are required to facilitate 
subsequent increases in small, dense LDL particles and in 
small, dense HDL particles, it cannot be inferred that these 
upstream triglycerides abnormalities are the main driver in 
this process.

The group recognised that consideration of the complexity 
and interrelationship between individual risk factors is 
pivotal to assessing and managing overall CV residual risk. 
Specifi cally, it was deemed important to measure levels of 
both HDL-c and triglycerides. Moreover, it is important 
to consider different patient subgroups, because although 
elevated triglyceride levels are usually associated with low 
levels of HDL-c, some patients may have low HDL-c only 
or high triglycerides only. Furthermore, there was consensus 
that there are no data to support prioritising fasting over non-
fasting triglyceride levels (or vice versa) when evaluating 
CV risk in patients with AD; of note, fasting triglycerides are 
routinely used to assess AD.

The group agreed that there are epidemiological data 
demonstrating that non-HDL-c is similar to, or even better 
than, LDL-c as a marker of CV risk. It was acknowledged 
that calculated values of non-HDL-c are infl uenced primarily 
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by levels of triglyceride-rich lipoproteins. Furthermore, it 
was noted that lower triglyceride levels are often mirrored 
by lower remnant lipoprotein levels. As such, the group 
endorsed a paradigm shift away from the current emphasis 
on triglyceride levels towards an increased clinical focus on 
remnant lipoprotein levels and their implications for CV risk.

There was consensus that achieving target non-HDL-c 
levels should be a key focus of CV risk management in 
patients with AD. The group identifi ed apolipoprotein B 
levels as the most accurate and stable measure of CV risk; 
however, limited availability was considered a key barrier 
to wider routine use. Therefore, non-HDL-c levels and 
non-fasting triglyceride levels (as a marker of remnant 
triglyceride-rich lipoproteins) were considered more 
practical measures of CV risk. It was noted that non-HDL-c 
is well defi ned as a secondary target in the treatment of 
dyslipidaemias in the EAS/ESC guidelines [11], as it is easily 
calculated, inexpensive, provides a highly stable measure of 
CV risk over time and provides a very good approximation of 
apolipoprotein B levels. The group agreed that AD treatment 
should adhere to current EAS/ESC guidelines and be focused 
on patients at high or very high risk of CV diseases (based 
on elevated levels of non-HDL-c and triglycerides, and low 
levels of HDL-c) and those with exaggerated markers of 
metabolic syndrome.

There was consensus among the group that statins can 
reduce CV risk in all patients, but that patient-specifi c 
differences may necessitate an individualised approach to CV 
risk management. The challenge of achieving the high doses 
of statins reported in some clinical trials may increase the 
likelihood that add-on therapy with another lipid-lowering 
agent is initiated. The group agreed that an increased focus 
on secondary CV prevention is needed. A multifactorial 
approach involving lifestyle changes and blood-glucose 
control in diabetic patients should also be reinforced.

The group agreed that safety and clinical outcome data 
from published observational and long-term studies provide 
suffi cient evidence to support combining statins with 
other lipid-lowering agents. A review of the evidence base 
describing fi brates and reduced risk of macrovascular events 
highlighted that patients who have elevated triglyceride 
levels plus low levels of HDL-c are most likely to achieve 
clinical benefi t from fenofi brate–statin combination therapy. 
Fenofi brate has been approved by the European Medicines 
Agency for the treatment of mixed hyperlipidaemia in patients 
at high CV risk in addition to a statin when triglycerides and 
HDL-c levels are inadequately controlled [79]. Of note, 
careful selection of patients suitable for fenofi brate–statin 
combination therapy and ongoing vigilance for potential 
risk of pancreatitis is advocated. The group believed that 
the clinical-trial evidence base supporting the benefi ts of 
this combined therapy is suffi ciently robust to convince 
physicians that there is no requirement to deviate from the 
standard dosing strategies (e.g. moving from same-day 
dosing [statin plus fenofi brate each day] to alternate-day 
dosing [statin only and fenofi brate only on alternate days]), 
and that such an approach should only be considered when it is 
necessitated as the result of patient-specifi c issues, such as 
tolerability concerns.

Summary of key points and consensus

AD = atherogenic dyslipidaemia, -c = cholesterol, CV = cardiovascular, 
EAS = European Atherosclerosis Society, ESC = European Society of 
Cardiology, LDL = low-density lipoprotein, HDL = high-density lipoprotein.
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