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OBJECTIVE — We explored whether cardiovascular disease (CVD) risk and the effects of
fenofibrate differed in subjects with and without metabolic syndrome and according to various
features of metabolic syndrome defined by the Adult Treatment Panel III (ATP III) in subjects
with type 2 diabetes in the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD)
study.

RESEARCH DESIGN AND METHODS — The prevalence of metabolic syndrome and
its features was calculated. Cox proportional models adjusted for age, sex, CVD status, and
baseline A1C levels were used to determine the independent contributions of metabolic syn-
drome features to total CVD event rates and the effects of fenofibrate.

RESULTS — More than 80% of FIELD participants met the ATP III criteria for metabolic
syndrome. Each ATP III feature of metabolic syndrome, apart from increased waist circumfer-
ence, increased the absolute risk of CVD events over 5 years by at least 3%. Those with marked
dyslipidemia (elevated triglycerides �2.3 mmol/l and low HDL cholesterol) were at the highest
risk of CVD (17.8% over 5 years). Fenofibrate significantly reduced CVD events in those with low
HDL cholesterol or hypertension. The largest effect of fenofibrate to reduce CVD risk was
observed in subjects with marked dyslipidemia in whom a 27% relative risk reduction (95% CI
9–42, P � 0.005; number needed to treat � 23) was observed. Subjects with no prior CVD had
greater risk reductions than the entire group.

CONCLUSIONS — Metabolic syndrome components identify higher CVD risk in individ-
uals with type 2 diabetes, so the absolute benefits of fenofibrate are likely to be greater when

metabolic syndrome features are present.
The highest risk and greatest benefits of fe-
nofibrate are seen among those with marked
hypertriglyceridemia.
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S ubjects with metabolic syndrome
have a higher risk for future cardio-
vascular disease (CVD) events and

are more likely to develop diabetes (1).
The various components of metabolic
syndrome (abdominal obesity, dyslipide-
mia, hypertension, and glucose deregula-
tion) confer differential risk for CVD
based on the extent to which they deviate
from healthy normality. The guidelines
most commonly used clinically to define
metabolic syndrome are the National
Cholesterol Education Program Adult
Treatment Panel III (ATP III) guidelines
(2). The exact role of each individual met-
abolic syndrome component in modify-
ing risk once diabetes is present has
varied in previous studies (3,4).

The Fenofibrate Intervention and
Event Lowering in Diabetes (FIELD)
study was designed to assess the long-
term effect of fenofibrate on CVD events
in subjects with type 2 diabetes (5–7).
The cohort of 9,795 subjects followed for
an average of 5 years was sufficient to ex-
plore whether CVD event rates were in-
creased in subjects with or without
various metabolic syndrome features. Be-
cause fenofibrate modifies lipid parame-
te r s by chang ing LDL par t i c l e
morphology, increasing HDL cholesterol,
and reducing triglycerides, CVD event
rates may be reduced to a larger degree in
those with metabolic syndrome features
reflecting a more atherogenic lipid profile
at baseline.

In this article, we explored the clinical
relevance of metabolic syndrome and its
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features when type 2 diabetes is estab-
lished and whether reductions in CVD
event rates with fenofibrate differ accord-
ing to the presence of metabolic syn-
drome or its particular features. We also
explored the value of a higher cut point
for marked dyslipidemia, using an ele-
vated triglyceride level (�2.3 mmol/l) ei-
ther alone or in combination with a low
plasma HDL cholesterol level as defined
in the Helsinki Heart Study (HHS) (8).

RESEARCH DESIGN AND
METHODS — A detailed description
of the FIELD study design was published
previously (5,7). The prevalence of indi-
vidual metabolic syndrome components
according to the modified ATP III defini-
tion (1) was determined as follows: 1) in-
creased blood pressure was defined as the
patient stating a history of hypertension
with documentation of hypertensive
medication use or as mean blood pressure
values (over three baseline visits)
�130/85 mmHg; 2) a low HDL choles-
terol level was defined as �1.03 mmol/l
for men and �1.29 mmol/l for women; 3)
an elevated triglyceride level was defined
as �1.7 mmol/l; and 4) increased waist
circumference was defined as �102 cm in
men and �88 cm in women. Metabolic
syndrome was present when at least three
features (type 2 diabetes plus at least two
other features) were found at baseline.
Dyslipidemia was characterized by ele-
vated triglyceride and low HDL choles-
terol levels in combination. Marked
hypertriglyceridemia and marked dyslip-
idemia were defined as triglyceride levels
�2.3 mmol/l alone or with a low HDL
cholesterol level, respectively.

CVD event rates were measured in
subjects without prior CVD (n � 7,664,
78.2%) and in subjects with documented
CVD (n � 2,131, 21.8%), according to
features of metabolic syndrome, and in
men (n � 6,138, 62.7%) and women (n �
3,657, 37.3%). The effect of fenofibrate
according to baseline HDL cholesterol
and triglyceride levels was also reported
by prespecified cut points, corresponding
to approximate tertiles.

Statistical analyses
The main hypothesis was that individuals
with metabolic syndrome would obtain
greater benefits from fenofibrate than
those without metabolic syndrome. All
analyses concerning treatment were per-
formed on an intention-to-treat basis. All
statistical inferences were drawn using a
two-sided P value of 0.05. Cox propor-

tional hazards analyses were used to com-
pute hazard ratios (HRs) and 95% CIs to
assess the effects of fenofibrate on the time
to first CVD event, with P values com-
puted using Wald tests and trend tests
where appropriate. Individual Cox mod-
els were fitted within prespecified sub-
groups of sex, prior CVD status, features
of the modified ATP III metabolic syn-
drome definition, and approximate ter-
tiles of baseline HDL cholesterol and
triglyceride levels. A multivariable model
was fitted simultaneously, with adjust-
ment for the features of metabolic syn-
drome (using categorical variables) and
baseline A1C, age, sex, prior CVD status,
and treatment allocation. Significant in-
teractions are presented as individual ef-
fects within subgroups, with Wald tests
for each pair simultaneously against the
null hypothesis. Confidence intervals for
number needed to treat were found by
transforming CIs for risk reductions, with
Pearson’s �2 tests used for P values. Re-
sults are unadjusted for multiple compar-
isons. All statistical analyses were
performed using SAS (version 9.1; SAS
Institute, Cary, NC).

RESULTS

Prevalence of metabolic syndrome
features and corresponding CVD
event rates
Of the 4,900 subjects allocated to pla-
cebo, 4,103 had metabolic syndrome and
797 did not, and of the 4,895 subjects
allocated to fenofibrate, 4,080 had meta-
bolic syndrome and 815 did not. More
than 80% (n � 8,183) of the participants
met the ATP III criteria for metabolic syn-
drome, a finding that was largely driven
by the high prevalence of increased blood
pressure and increased waist circumfer-
ence measurements, particularly among
women. More than half of the FIELD pop-
ulation had low plasma HDL cholesterol
or elevated triglyceride levels that met the
criteria. All metabolic syndrome features
were more prevalent in women than in
men. Marked hypertriglyceridemia (�2.3
mmol/l) occurred in approximately one-
quarter of both men (n � 1,197) and
women (n � 817) and in approximately
one-fifth of men and women when com-
bined with low HDL cholesterol (Table
1).

In those with metabolic syndrome,
the 5-year placebo group CVD event rate
was 14.5% compared with a rate of 11.3%
for those not meeting the criteria (n �
1,612; P � 0.0001) (Table 1, Fig. 1).

Among individuals with any particular
feature of metabolic syndrome, the CVD
event rates were similar to those seen in the
overall population, varying from 13.3% for
high waist circumference to 15.4% for ele-
vated triglyceride levels (Table 1). However,
each additional feature of metabolic syn-
drome to diabetes resulted in a cumula-
tively higher risk of CVD events (Fig. 1A).
Low HDL cholesterol or elevated triglycer-
ide levels as risk determinants for CVD
appeared to be more strongly dependent on
whether metabolic syndrome was present
than hypertension or increased waist
circumference (Fig. 1B). Furthermore, the
presence of each ATP III feature for meta-
bolic syndrome compared with its absence,
apart from increased waist circumference,
increased the absolute risk of CVD events
over 5 years by 3% (Fig. 2). Those with
marked dyslipidemia (triglycerides �2.3
mmol/l with low HDL cholesterol levels)
had the highest risk of CVD (17.8% over 5
years).

Among individuals with any particu-
lar feature of metabolic syndrome, as
among those with metabolic syndrome
and in the overall population, men had
approximately twice the risk of women
for CVD events. In both sexes, the highest
event rates were seen in the setting of
marked dyslipidemia (Table 1). As ex-
pected, those with prior CVD had a much
higher risk for CVD events (2.5-fold) than
those with no prior CVD across all fea-
tures of metabolic syndrome (Table 1).
Among subjects with metabolic syn-
drome, the CVD event rate for the 1,846
subjects with prior CVD was 25.5% and
for those 6,337 subjects without prior
CVD was 10.3%. Event rates were higher
in both groups when marked dyslipide-
mia was present, at 29.8% and 11.0%,
respectively (P � 0.01).

Effects of fenofibrate to reduce CVD
risk
Among individuals with metabolic syn-
drome, fenofibrate reduced the 5-year
CVD risk from 14.5 to 13.1%, represent-
ing a proportional risk reduction of 11%
(adjusted HR 0.89 [95% CI 0–21%], P �
0.052; absolute risk reduction 1.4%) (Ta-
ble 2). In the smaller group without met-
abolic syndrome, fenofibrate reduced
CVD risk from 11.3 to 9.7%, a 12% pro-
portional reduction (0.88 [�19 to 35%],
P � 0.375; 1.6%); these relative risk re-
ductions were almost identical (Pinteraction
value � 0.91) (Fig. 2).

The effects of fenofibrate were similar
among individuals with and without any
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feature of metabolic syndrome: although
the adjusted HRs were only indepen-
dently significant in those with a low HDL
cholesterol level and hypertension, there
was no evidence of significant statistical
interactions (Fig. 2). In contrast, the treat-
ment effect appeared to be greater in
women than in men and in primary rather
than in secondary prevention of CVD.
This was apparent in the overall popula-
tion, among those with metabolic syn-
drome, and among those with any feature
of metabolic syndrome. Among those
with metabolic syndrome, fenofibrate re-
duced the proportional risk for CVD by
18% in women compared with 7% in men
and by 17% in primary prevention and
1% in secondary prevention; however,
the differences between the sexes and by
history of CVD were not statistically
significant.

Effects of fenofibrate in marked
dyslipidemia
In all subgroups (women and men and
primary and secondary prevention), the
effects of fenofibrate were larger when
marked hypertriglyceridemia or marked
dyslipidemia was present. In those with
marked dyslipidemia, fenofibrate re-

duced CVD rates by 30 and 24% in
women and men, respectively, and by 40
and 12% in primary and secondary pre-
vention, respectively, being separately
statistically significant for men and pri-
mary prevention (Table 2). Indeed, the
overall effect of fenofibrate in the pres-
ence of marked dyslipidemia was larger
than that in all other groups, with border-
line significance of treatment by group in-
teraction: marked dyslipidemia group:
27% risk reduction (adjusted HR 0.73
[95% CI 0.58–0.91], P � 0.005); all oth-
ers: 6% risk reduction (0.94 [0.83–1.06],
P � 0.321; Pinteraction � 0.053) (Fig. 2).
The absolute risk reduction in the pres-
ence of marked dyslipidemia was 4.3%
(from 17.8 to 13.5%), compared with
0.8% (from 13.0 to 12.2%) in its absence
(Fig. 2). This corresponds to a number
needed to treat of 23 compared with 143,
respectively. The effects of treatment ac-
cording to the presence or absence of
marked dyslipidemia were significantly
different when only those subjects with
metabolic syndrome were examined (P �
0.045) (data not shown).

Fenofibrate reduced total CVD events
by 11% (95% CI 0.80–0.99, P � 0.035)
(Fig. 2). In addition, the effect of fenofi-

brate among individuals with metabolic
syndrome was close to being indepen-
dently significant (P � 0.052) (Fig. 2),
although not separately significant in its
absence (P � 0.375). Nevertheless, there
was no significant interaction between
those with and without metabolic syn-
drome (P � 0.910).

Contribution of metabolic syndrome
features to CVD risk
HDL cholesterol levels (P � 0.003), sys-
tolic blood pressure, and triglyceride lev-
els (P � 0.0004) made independent
significant contributions to CVD risk (af-
ter adjustment for age, sex, prior CVD sta-
tus, baseline A1C, and LDL cholesterol),
whereas waist circumference (P � 0.61)
did not (Fig. 3). The effect of systolic
blood pressure was significantly stron-
ger in primary than in secondary pre-
vention (Pinteraction � 0.019). Those
with low HDL cholesterol levels had a
22% higher risk of CVD, and those with
high triglyceride levels had a 24%
higher risk. Elevated blood pressure al-
most doubled risk (93% increase) in
primary prevention, whereas the 24%
estimated risk increase in secondary
prevention was not statistically signifi-

Table 1—Prevalence rates and CVD event rates over 5 years according to ATP III features of metabolic syndrome, various baseline charac-
teristics, and treatment assignment

Men Women
No prior

CVD Prior CVD Placebo Fenofibrate Total

n 6,138 3,657 7,664 2,131 4,900 4,895 9,795
Prevalence rates

Increased waist circumference 3,613 (58.9) 3,034 (83.0) 5,220 (68.1) 1,427 (67.0) 3,320 (67.8) 3,327 (68.0) 6,647 (67.9)
Raised TGs (�1.7 mmol/l) 3,073 (50.1) 2,020 (55.2) 3,926 (51.2) 1,167 (54.8) 2,525 (51.5) 2,568 (52.5) 5,093 (52.0)
Reduced HDL cholesterol level 3,365 (54.8) 2,455 (67.1) 4,477 (58.4) 1,343 (63.0) 2,896 (59.1) 2,924 (59.7) 5,820 (59.4)
Increased blood pressure 5,050 (82.3) 3,131 (85.6) 6,300 (82.2) 1,881 (88.3) 4,095 (83.6) 4,086 (83.5) 8,181 (83.5)

Metabolic syndrome criteria fulfilled 4,870 (79.3) 3,313 (90.6) 6,337 (82.7) 1,846 (86.6) 4,103 (83.7) 4,080 (83.4) 8,183 (83.5)
Raised TGs �1.7 mmol/l and

reduced HDL cholesterol level
2,133 (34.8) 1,577 (43.1) 2,816 (36.7) 894 (42.0) 1,824 (37.2) 1,886 (38.5) 3,710 (37.9)

Raised TGs (�2.3 mmol/l) 1,556 (25.4) 961 (26.3) 1,912 (24.9) 605 (28.4) 1,222 (24.9) 1,295 (26.5) 2,517 (25.7)
Raised TGs �2.3 mmol/l and low

HDL cholesterol
1,197 (19.5) 817 (22.3) 1,521 (19.8) 493 (23.1) 970 (19.8) 1,044 (21.3) 2,014 (20.6)

CVD event rates
Increased waist circumference 585 (16.2) 260 (8.6) 510 (9.8) 335 (23.5) 443 (13.3) 402 (12.1) 845 (12.7)
Raised TGs (�1.7 mmol/l) 557 (18.1) 180 (8.9) 423 (10.8) 314 (26.9) 388 (15.4) 349 (13.6) 737 (14.5)
Reduced HDL cholesterol 588 (17.5) 228 (9.3) 468 (10.5) 348 (25.9) 437 (15.1) 379 (13.0) 816 (14.0)
Increased blood pressure 878 (17.4) 284 (9.1) 678 (10.8) 484 (25.7) 612 (14.9) 550 (13.5) 1,162 (14.2)

Metabolic syndrome criteria fulfilled 835 (17.1) 291 (8.8) 655 (10.3) 471 (25.5) 593 (14.5) 533 (13.1) 1,126 (13.8)
Raised TGs (�1.7 mmol/l) and

reduced HDL cholesterol
405 (19.0) 155 (9.8) 318 (11.3) 242 (27.1) 296 (16.2) 264 (14.0) 560 (15.1)

Raised TGs (�2.3 mmol/l) 285 (18.3) 98 (10.2) 206 (10.8) 177 (29.3) 210 (17.2) 173 (13.4) 383 (15.2)
Raised TGs �2.3 mmol/l and low

HDL cholesterol
226 (18.9) 88 (10.8) 167 (11.0) 147 (29.8) 173 (17.8) 141 (13.5) 314 (15.6)

Overall 980 (16.0) 315 (8.6) 756 (9.9) 539 (25.3) 683 (13.9) 612 (12.5) 1,295 (13.2)

Data are n (%). TGs, triglyceride levels.

Scott and Associates

DIABETES CARE, VOLUME 32, NUMBER 3, MARCH 2009 495



cant. Increased waist circumference had
no effect on CVD risk in this cohort. For
comparison, a 1% higher A1C at base-
line conferred a risk increase of 18%
(95% CI 13–24%, P � 0.0001) in pri-
mary prevention and 8% (2–15%; P �

0.0128) in secondary prevention. Feno-
fibrate reduced risk by 12% after adjust-
ment for all of the above factors (P �
0.026) (Fig. 3). The estimated area un-
der the curve for this risk model accord-
ing to the c statistic was 70%.

CONCLUSIONS — The clustering of
risk factors described as constituting met-
abolic syndrome is most important in pre-
dicting the incidence of diabetes,
although it also identifies individuals who
have an increased risk of CVD events
(9,10). The high prevalence of metabolic
syndrome seen in the FIELD population is
similar to that observed in the U.S. Na-
tional Health and Nutrition Examination
Survey III survey and also in individuals
with newly diagnosed diabetes (11,12).
The CVD event rates in the FIELD popu-
lation with metabolic syndrome and with
individual features of metabolic syn-
drome (elevated blood pressure, low HDL
cholesterol level, and elevated triglyceride
level) were significantly higher than in
those without metabolic syndrome, indi-
cating that, even in the presence of estab-
lished type 2 diabetes, metabolic
syndrome still confers important addi-
tional prognostic information. Waist cir-
cumference (adjusted for sex) did not add
further prognostic information for CVD
risk.

Marked hypertriglyceridemia (�2.3
mmol/l) with or without a low HDL cho-
lesterol level was associated with a higher
CVD risk than meeting the criteria for
metabolic syndrome, supporting a con-
tinuous positive relationship between tri-
glyceride levels and CVD (13). This level
of hypertriglyceridemia was associated
with increased CVD events in earlier stud-

Figure 1—A: CVD event rates (percentage) in subjects receiving placebo who had diabetes (DM)
alone or diabetes with any of one to four additional features of metabolic syndrome. B: CVD event
rates (percentage) for subjects with hypertension, increased waist circumference, triglyceride
levels (TG) �1.7 mmol/l, and low HDL cholesterol (HDLc) levels with or without metabolic
syndrome (MS).

Table 2—Effect of fenofibrate on CVD risk over 5 years according to ATP III features of metabolic syndrome

Men Women No prior CVD Prior CVD Unadjusted Adjusted*

Increased waist
circumference

0.95 (0.80–1.11) 0.80 (0.63–1.02) 0.86 (0.73–1.03) 0.96 (0.77–1.18) 0.90 (0.79–1.03) 0.90 (0.78–1.03)

Raised TGs (�1.7
mmol/l)

0.92 (0.78–1.09) 0.76 (0.57–1.02) 0.83 (0.69–1.01) 0.92 (0.74–1.15) 0.88 (0.76–1.01) 0.87 (0.75–1.00)

Reduced HDL
cholesterol

0.88 (0.75–1.03) 0.80 (0.61–1.03) 0.75 (0.62–0.90)† 1.01 (0.82–1.25) 0.85 (0.74–0.97)‡ 0.86 (0.75–0.99)‡

Triglycerides (�1.7
mmol/l) and reduced
HDL cholesterol

0.90 (0.74–1.09) 0.76 (0.55–1.04) 0.77(0.62–0.97)‡ 0.96 (0.75–1.24) 0.86 (0.73–1.01) 0.84 (0.71–1.00)‡

Increased blood
pressure

0.92 (0.80–1.05) 0.82 (0.65–1.04) 0.80 (0.69–0.93)† 1.04 (0.87–1.25) 0.89 (0.80–1.00) 0.88 (0.79–0.99)‡

Metabolic syndrome
criteria fulfilled

0.93 (0.81–1.06) 0.82 (0.65–1.03) 0.83 (0.71–0.97)‡ 0.99 (0.83–1.19) 0.90 (0.80–1.01) 0.89 (0.79–1.00)

Raised TGs (�2.3
mmol/l)

0.75 (0.60–0.95)‡§ 0.79 (0.53–1.18) 0.65 (0.49–0.86)† 0.89 (0.67–1.20) 0.76 (0.62–0.93)† 0.77 (0.63–0.94)‡

Raised TGs (�2.3
mmol/l) and reduced
HDL cholesterol

0.76 (0.58–0.98)‡ 0.70 (0.46–1.07) 0.60 (0.44–0.82)†§ 0.88 (0.64–1.21) 0.74 (0.59–0.92)† 0.73 (0.58–0.91)†

Whole FIELD cohort 0.92 (0.81–1.04) 0.80 (0.64–0.99)‡ 0.81 (0.70–0.93)† 1.02 (0.86–1.20) 0.89 (0.80–0.99)‡ 0.89 (0.80–0.99)‡

Data are HRs (95% CI). TGs, triglyceride levels. *Adjusted for sex, age at visit 1, prior CVD, and baseline A1C. Treatment effect within the specified subgroup: †P �
0.05, ‡P � 0.01. §Pinteraction values compare subjects in the specified group with those who are not (P � 0.05).
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ies (8,14), presumably reflecting a ten-
dency for high nonfasting triglyceride
levels and higher numbers of remnant
particles and may be associated with more
extreme abnormalities in other biological
processes (such as oxidative stress, in-
flammation, and hypercoagulability),
leading to more aggressive atherosclerosis
(12,14,15).

Accordingly, with higher baseline

risk, the absolute benefits of fenofibrate
are likely to be greater when metabolic
syndrome features are present. Whereas
the effect of fenofibrate on CVD events
was statistically significant overall, it was
of only borderline significance in the
group with metabolic syndrome and non-
significant in those without, although
with similar proportional reductions.

Although LDL cholesterol levels are

effectively lowered by statins (16), ele-
vated baseline (17) and on-treatment (18)
triglyceride levels remain risk markers for
CVD in individuals with and without di-
abetes who are already taking statins and
are a potential target for fibrate therapy.
Given that the largest effect of fibrates is to
lower triglyceride levels by �25%, it is
not surprising that individuals with ele-
vated triglyceride levels appear to obtain

Figure 3—Cox regression model for effect of metabolic syndrome features on total CVD events, adjusted for age, sex, prior CVD status, A1C, and
LDL cholesterol levels at baseline. F, female; HDLc, HDL cholesterol; M, male.

Figure 2—Forest plot of effects of fenofibrate on cardiovascular events adjusted for sex, prior CVD, age at visit 1, and baseline A1C (HR and 95%
CI): ATP III waist circumference criteria (men �102 cm and women �88 cm), raised triglyceride levels (TG) (�1.7 mmol/l or �2.3 mmol/l),
reduced HDL cholesterol (HDLc) levels (men �1.03 mmol/l and women �1.29 mmol/l), and ATP III metabolic syndrome (MS) criteria (diabetes and
two others).
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the largest benefits from fibrates. This re-
sult is supported by findings from the
Bezafibrate Infarct Prevention (BIP) study
(19) showing that fibrate therapy was
more effective in treatment of individuals
with than without metabolic syndrome;
further, the BIP study and the HHS (8)
showed particular benefit among subjects
with markedly elevated triglyceride lev-
els, and the Veterans Administration
High-Density Lipoprotein Intervention
Trial Intervention Trial (20) showed a re-
lation of benefits to low HDL cholesterol
levels. In the FIELD study, fenofibrate
had the greatest absolute benefit in those
with markedly high triglyceride levels to-
gether with low HDL cholesterol levels,
now confirming similar findings in a pop-
ulation with type 2 diabetes and meta-
bolic syndrome. Nevertheless, because
these results are presented with P values
unadjusted for multiple comparisons,
these findings should be regarded as
exploratory.

In a short-term study, fenofibrate was
effective in lowering postprandial triglyc-
eride levels, particularly when metabolic
syndrome and elevated triglyceride levels
were present. In the setting of metabolic
syndrome and hypertriglyceridemia, fe-
nofibrate was shown to be more effective
in reducing fasting triglyceride and in-
creasing HDL cholesterol levels and in re-
ducing postprandial triglyceride levels
and oxidized fatty acid levels, which cor-
responded with a decrease in VLDL par-
ticle size and an increase in LDL particle
size (21).

Multivariate modeling confirmed the
independent contributions of HDL cho-
lesterol, triglyceride levels, and blood
pressure to CVD risk, whereas the contri-
bution from waist circumference was sub-
stantially explained by other factors.
Hypertriglyceridemia is an important
marker of CVD risk in type 2 diabetes and
an important marker of benefit from feno-
fibrate, even though the risk conferred
has appeared to be mediated through
other conventional factors in other set-
tings (22). These findings should interest
physicians considering lipid-lowering
therapy for patients with diabetes.

Acknowledgments— This study was sup-
ported by a grant from Laboratoires Fournier
SA, Dijon, France, and by the National Health
and Medical Research Council (NHMRC) of
Australia and was coordinated independently
by the NHMRC Clinical Trials Centre, Univer-
sity of Sydney, Sydney, Australia, and over-
seen by the study management committee.

R.O., G.F., M.-R.T., C.E., and A.K. have had
the costs of participation in scientific meetings
and/or contributions to advisory boards or do-
ing other research reimbursed by Laboratoires
Fournier (now a division of Solvay). A.K. is a
listed applicant on a patent application in re-
lation to some other findings related to this
research. No other potential conflicts of inter-
est relevant to this article were reported.

References
1. Klein BEK, Klein R, Lee KE: Components

of the metabolic syndrome and risk of car-
diovascular disease and diabetes in Beaver
Dam. Diabetes Care 25:1790–1794, 2002

2. Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol
in Adults: Executive summary of the
Third Report of the National Cholesterol
Education Program (NCEP) Expert Panel
on Detection, Evaluation, and Treatment
of High Blood Cholesterol in Adults
(Adult Treatment Panel III). JAMA 285:
2486–2497, 2001

3. Assmann G, Schulte H, Seedorf U: Cardio-
vascular risk assessment in the metabolic
syndrome: results from the Prospective Car-
diovascular Munster (PROCAM) Study. Int J
Obes 32:S11–S16, 2008

4. Wilson PWF, Meigs JB: Cardiometabolic
risk: a Framingham perspective. Int J Obes
32:S17–S20, 2008

5. Keech A, Simes RJ, Barter P, et al.: Effects
of long-term fenofibrate therapy on car-
diovascular events in 9795 people with
type 2 diabetes mellitus (the FIELD
study): randomised controlled trial. Lan-
cet 366:1849–1861, 2005

6. FIELD Study Investigators: The need for a
large-scale trial of fibrate therapy in dia-
betes: the rationale and design of the
Fenofibrate Intervention and Event Low-
ering in Diabetes (FIELD) study. Cardio-
vasc Diabetol 3:9, 2004

7. FIELD Study Investigators: Fenofibrate
Intervention and Event Lowering in Dia-
betes (FIELD) study: a randomized
placebo-controlled trial: baseline charac-
teristics and short-term effects of fenofi-
brate. Cardiovasc Diabetol 4:13, 2005

8. Manninen V, Tenkanen L, Koskinen P, et
al.: Joint effects of serum triglyceride and
LDL cholesterol and HDL cholesterol
concentrations on coronary heart disease
risk in the Helsinki Heart Study: implica-
tions for treatment. Circulation 85:37–45,
1992

9. Kahn R: Metabolic syndrome: what is the
clinical usefulness? Lancet 371:1892–
1893, 2008

10. Sattar N, McConnachie A, Shaper AG, et
al.: Can metabolic syndrome usefully pre-
dict cardiovascular disease and diabetes?
Outcome data from two prospective stud-
ies. Lancet 371:1927–1935, 2008

11. Alexander CM, Landsman PB, Teutsch
SM, et al.: NCEP-defined metabolic syn-
drome, diabetes, and prevalence of cor-

onary heart disease among NHANES III
participants age 50 years and older. Dia-
betes 52:1210–1214, 2003

12. Guzder RN, Gatling W, Mullee MA, et al.:
Impact of metabolic syndrome criteria on
cardiovascular disease risk in people with
newly diagnosed type 2 diabetes. Diabeto-
logia 49:49–55, 2006

13. Hokanson JE, Austin MA: Plasma triglyc-
eride level is a risk factor for cardiovascu-
lar disease independent of high-density
lipoprotein cholesterol level: a meta-anal-
ysis of population-based prospective
studies. J Cardiovasc Risk 3:213–219,
1996

14. Sarwar N, Danesh J, Eiriksdottir G, et al.:
Triglycerides and the risk of coronary
heart disease: 10,158 incident cases
among 262,525 participants in 29 West-
ern prospective studies. Circulation 115:
450–458, 2007

15. Austin MA, King M, Vranizan MA, et al.:
Atherogenic lipoprotein phenotype: a
proposed genetic marker for coronary
heart disease risk. Circulation 82:495–
506, 1990

16. Cholesterol Treatment Trialists’ (CTT)
Collaborators, Kearney PM, Blackwell L,
et al.: Efficacy of cholesterol-lowering
therapy in 18,686 people with diabetes in
14 randomised trials of statins: a meta-
analysis. Lancet 371:117–125, 2008

17. Nordestgaard BG, Benn M, Schnorhr P, et
al.: Nonfasting triglycerides and risk of
myocardial infarction, ischemic heart dis-
ease, and death in men and women. JAMA
298:299–308, 2007

18. Cannon CP: PROVE-IT TIMI 22 Study:
Potential effects on critical pathways for
acute coronary syndrome. Crit Pathw Car-
diol 2:188–196, 2003

19. Tenenbaum A, Motro M, Fisman EZ, et
al.: Bezafibrate for the secondary preven-
tion of myocardial infarction in patients
with metabolic syndrome. Arch Intern
Med 165:1154–1160, 2005

20. Rubins HB, Robins SJ, Collins D, et al.:
Diabetes, plasma insulin and cardiovas-
cular disease: subgroup analysis from the
Department of Veterans Affairs High-
Density Lipoprotein Intervention Trial
(VA-HIT). Arch Intern Med 162:2597–
2604, 2002

21. Rosenson RS, Wolff DA, Huskin AL, et
al.: Fenofibrate therapy ameliorates
fasting and postprandial lipoproteine-
mia, oxidative stress, and the inflamma-
tory response in subjects with hyper-
triglyceridemia and the metabolic syn-
drome. Diabetes Care 30:1945–1951,
2007

22. McNeill AM, Rosamond WD, Girman CJ,
et al.: The metabolic syndrome and 11-
year risk of incident cardiovascular dis-
ease in the Atherosclerosis Risk in
Communities Study. Diabetes Care 28:
385–390, 2005

Fenofibrate and CVD risk in type 2 diabetes

498 DIABETES CARE, VOLUME 32, NUMBER 3, MARCH 2009


