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Fenofibrate Use Is Associated
With Lower Mortality and Fewer
Cardiovascular Events in Patients
With Diabetes: Results of 10,114
Patients From the Korean
National Health Insurance
Service Cohort

Diabetes Care 2021,44:1868-1876 | https://doi.org/10.2337/dc20-1533

OBJECTIVE

We investigated the long-term clinical efficacy of fenofibrate use with regard to
mortality and cardiovascular outcomes in patients with type 2 diabetes.

RESEARCH DESIGN AND METHODS

We performed a population-based cohort study using data of the South Korean
National Health Insurance Service from 2003 to 2014. Of 63,727 participants with
diabetes aged 40-79 years, 5,057 users of fenofibrate only were compared with
5,057 nonusers of fenofibrate and/or omega-3 fatty acid with 1:1 propensity
matching. The primary end point was a composite of myocardial infarction,
stroke, percutaneous coronary revascularization, and cardiac death for a median
of 3 years.

RESULTS

The primary end point was significantly lower in fenofibrate users compared with
those using neither fenofibrate nor omega-3 fatty acid (13.4 vs. 15.5 per 1,000
person-years; hazard ratio [HR] 0.76; 95% Cl 0.62—0.94; P = 0.010). Cardiac death
(1.8 vs. 3.1 per 1,000 person-years; HR 0.59; 95% Cl 0.352-0.987; P = 0.0446), all-
cause death (7.6 vs. 15.3 per 1,000 person-years; HR 0.437; 95% Cl 0.340-0.562;
P < 0.0001), and stroke (6.5 vs. 8.6 per 1,000 person-years; HR 0.621; 95% Cl
0.463-0.833; P = 0.0015) were significantly lower in the fenofibrate group. When
the duration of fenofibrate use was stratified by quartile, the risk decreased in
quartile 4, with an HR of 0.347 (95% ClI 0.226-0.532; P < 0.0001). In subgroup
analysis, the favorable effect of fenofibrate was sustained consistently across all
subsets of patients, including those classified by LDL cholesterol, HDL cholesterol,
and triglyceride levels.

CONCLUSIONS

Use of fenofibrate was associated with a lower rate of total and cardiac mortality
and cardiovascular events in patients with type 2 diabetes during a 3-year follow-
up in real-world large populations.
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Patients with diabetes are at higher risk
of cardiovascular disease (CVD) (1). Even
with statin therapy to lower LDL choles-
terol in the contemporary era, the resid-
ual risk of CVD remains substantial in
these patients. Triglycerides (TG) are
another target for the prevention and
treatment of CVD, in addition to LDL cho-
lesterol, for residual risk reduction. Major
epidemiological (2,3) and genetic linkage
studies using Mendelian randomization
methods (4) have suggested that a high
TG level is associated with CVD and even
has a causal relationship with CVD (5).
Therefore, in an effort to reduce the
remaining risk, the strategy of lowering
TG levels has been investigated, but the
results have been contradictory, although
it has shown some potential in specific
subset of patients. Large randomized
clinical trials, such as the Fenofibrate
Intervention and Event Lowering in
Diabetes (FIELD) (6) and Action to Con-
trol Cardiovascular Risk in Diabetes
(ACCORD) (7) studies, which tested the
efficacy of fenofibrate alone or as an
add-on to statin in patients with diabe-
tes, demonstrated overall negative out-
comes, but some signs of improved
clinical outcomes were detected in sub-
group of patients with diabetes with low
HDL cholesterol and high TG levels (6,7).
Moreover, a recent study, the Reduction
of Cardiovascular Events With Icosapent
Ethyl-Intervention  Trial (REDUCE-IT),
aiming to reassess the efficacy of a spe-
cific formula of omega-3 fatty acid pro-
vided new insight into the lowering of
TG levels and the novel concept of intro-
ducing a specific form of omega-3 fatty
acid, an icosapent ethyl acid, for the sec-
ondary and primary prevention of CVD,
especially in patients with diabetes (8,9).
Despite these promising data, there
has been no large-scale long-term follow-
up study to assess TG-lowering therapy
with fenofibrate in patients with diabetes
in real-world practice. We investigated
the true efficacy of the TG-lowering drug
fenofibrate on clinical outcomes in
patients with diabetes in a real-world set-
ting using the South Korean National
Health Insurance Service (NHIS) database.

RESEARCH DESIGN AND METHODS
Study Data Source

We used the data from the South
Korean NHIS cohort. A detailed descrip-
tion has been published and validated

Table 1—Baseline characteristics between fenofibrate only users vs. nonusers after PSM
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Variable Total Users Nonusers ASD*
Total patients with type 2 diabetes 10,114 5,057 5,057
Sex 0.0012
Male 5911 2,957 (58.5) 2,954 (58.4)
Female 4,203 2,100 (41.5) 2,103 (41.6)
Age, y 0.017
Mean 61.95 62.01 62.04
SD 8.46 8.7 8.76
=65 3,459 1,712 (33.9) 1,747 (34.5)
<65 6,655 3,345 (66.1) 3,310 (65.5)
Income (decile) 0.005
0-3 2,284 1,137 (22.5) 1,147 (22.7)
4-10 7,830 3,920 (77.5) 3,910 (77.3)
Disease history
CAD 3,768 1,830 (36.2) 1,938 (38.3)  0.046
M 527 252 (5.0) 275 (5.4) 0.022
Angina 2,934 1,421 (28.1)  1,513(29.9)  0.042
Other CAD 1,597 757 (15.0) 840 (16.6) 0.049
Stroke 1,681 804 (15.9) 877 (17.3) 0.042
Cancer 1,774 888 (17.6) 886 (17.5) 0.001
CKD 216 101 (2.0) 115 (2.3) 0.022
HTN 7,774 3,824 (75.6) 3,950 (78.1)  0.054
AF 417 206 (4.1) 211 (4.2) 0.005
HF 721 366 (7.2) 355 (7.0) 0.009
Statin intake history 6,635 3,224 (63.8) 3,411 (67.5) 0.077
Statin intensity 0.066
Low 138 53 (1.0) 85 (1.7)
Moderate 5864 2,854 (56.4) 3,010 (59.5)
High 633 317 (6.3) 316 (6.2)
PCI history 198 91 (1.8) 107 (2.1) 0.024
BMI, kg/m? 0.039
Mean 25.19 25.22 25.16
SD 2.94 2.9 2.99
=25 5263 2,583 (53.0) 2,680 (53.0)
<25 4,851 2,474 (47.0) 2,377 (47.0)
TG and HDL cholesterol, mg/dL
=200 and <35 731 384 (7.6) 347 (6.9) 0.035
<200 or =35 9,383 4,673 (92.4) 4,710 (93.1)
=200 and <60 4,741 2,513 (49.7) 2,228 (44.1) 0.132
<200 or =60 5,373 2,544 (50.3) 2,829 (55.9)
TG, mg/dL 0.069
Mean 238.64 242.75 234.52
SD 144.59 139.83 149.1
=200 5,266 2,785 (55.1) 2,481 (49.1)
<200 4,848 2,272 (449) 2,576 (50.9)
HDL cholesterol, mg/dL 0.016
Mean 48.72 48.57 48.9
SD 15.46 16.31 14.57
=60 1,680 812 (16.1) 868 (17.2)
<60 8,434 4,245 (83.9) 4,189 (82.8)
=35 9,139 4,558 (90.1) 4,581 (90.6)
<35 975 499 (9.9) 476 (9.4)
LDL cholesterol, mg/dL 0.037
Mean 110.5 109.74 111.26
SD 42.17 44.13 40.1
=130 3,084 1,485(29.4) 1,599 (31.6)
<130 7,030 3,572 (70/6) 3,458 (68.4)
=100 5,946 2,915 (57.6) 3,031 (59.9)
<100 4,168 2,142 (42.4) 2,026 (40.1)
Non-HDL cholesterol 0.010
Mean 156.18 155.98 156.38
SD 42.56 41.84 43.26

Continued on p. 1870
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previously (10,11). Briefly, the NHIS pro-
vides obligatory health care for all South
Korean citizens, with an enrollment rate
of 97% (11). The NHIS cohort had infor-
mation on socioeconomic status, admis-
sion and discharge information, hospital
visit data, drug prescription data, and
hospital information. A health examina-
tion is performed by the NHIS annually
or biannually for all people aged =20
years, which is composed of a survey
on health status and behaviors, body
weight, height, blood pressure, and lab-
oratory tests for blood and urine.

The NHIS provides the aforemen-
tioned data as well as death records,
including cause and date, which are
merged from Statistics Korea for
research purposes. We used the NHIS
Health Examination Database 2.0 sam-
ple cohort combined with death data
including people aged 40-79 years; this
group comprised 10% (n = ~510,000)
of the original NHIS full cohort of
5,150,000 people who underwent the
national heath examination test in
2002-2003.

This study was approved by the Hal-
lym University Sacred Heart Hospital
Institutional Review Board (no. 2019-
01-021-005). Informed consent was
waived, because the database was made
to be anonymous under the strict confi-
dentiality guidelines of the NHIS (11).

Study Population

We used the NHIS Health Examination
Database 2.0 sample cohort, which
included ~510,000 people aged 40-79
years who underwent a health examina-
tion test in index years of 2002-2003.
They were followed until 2015. Within
this cohort, we enrolled 212,969 patients
with type 2 diabetes first diagnosed
between 2003 and 2014. Diagnosis of dia-
betes was made according to ICD-10
codes E11-E14. After excluding 149,242
people who had a combined type 1 dia-
betes code, history of fenofibrate or
omega-3 fatty acid prescription before
diagnosis of diabetes, and no data on
laboratory tests, 63,727 patients were
candidates for analysis (Supplementary
Fig. 1).

To compare fenofibrate users versus
nonusers, we divided these patients into
two groups: patients receiving fenofibrate
only and nonusers of fenofibrate and/or
omega-3 fatty acid (controls). We excluded

Table 1—Continued

Variable Total Users Nonusers ASD*
TG/HDL cholesterol 0.068
Mean 5.46 5.58 5.35
SD 4.17 4.06 4.28
TC — HDL cholesterol — LDL cholesterol 0.037
Mean 45.68 46.25 45.12
SD 32.59 33.97 31.14
Current smoker 0.001
Yes 2,099 1,050 (20.8) 1,049 (20.7)
No 8,015 4,007 (79.2) 4,008 (79.3)
Current drinker 0.000
Yes 4,900 2,450 (48.4) 2,450 (48.4)
No 5214 2,607 (51.6) 2,607 (51.6)

Data are presented as n or n (%) unless otherwise indicated. AF, atrial fibrillation; CKD,
chronic kidney disease; HF, heart failure; HTN, hypertension; TC, total cholesterol. *Absolute
standardized difference (ASD) =0.1 considered significant.

those receiving both omega-3 fatty acid
and fenofibrate in the control group to
investigate strictly the efficacy of fenofi-
brate. Patients who were prescribed feno-
fibrate at least once from January 2003 to
December 2014 after diagnosis of diabetes
were considered the study drug group,
and those who were never prescribed
either drug were considered the control
group. Patients were matched 1:1 with
propensity scoring, and 5,057 were
included in each group (Supplementary
Fig. 1).

End Points

The primary end points were a compos-
ite of the first occurrence of myocardial
infarction (M), stroke, percutaneous
coronary intervention (PCl), and cardio-
vascular death. Occurrence of any event
among the four end points of M,
stroke, PCl, and cardiovascular death
was considered to be a primary end
point occurrence. Secondary end points
were the first occurrence of each indi-
vidual event (M, stroke, PCl, or cardiac
death) and all-cause death.

Each outcome was identified by
ICD-10 code, in accordance with the
American Heart Association statistics
guidelines (12); death was categorized
as all-cause death if a death record
was present and as cardiac death if
both a death record and ICD-10 code
of | (ischemia code) were present.

We also examined the covariates of
age; sex; BMI; comorbidities; history of
statin intake; history of PCI; laboratory
data such as TG, HDL cholesterol, and
LDL cholesterol; history of smoking;

history of alcohol intake; and household
income. M| was confirmed if the ICD-10
code was 121-123, and stroke was con-
firmed if the ICD-10 code was 160-164.
Diagnosis of comorbidities such as
angina (120), other coronary artery dis-
ease (CAD) (124-125), chronic kidney dis-
ease (N18), cancer (C**), hypertension
(110), atrial fibrillation (148), and heart
failure (150) was confirmed if ICD-10
code for each disease was present. The
ICD-10 codes for use of the study drugs
(fenofibrate, omega-3 fatty acid, and
statins) and receipt of PCl are listed in
Supplementary Table 1. The median fol-
low-up period was 3.06 years (inter-
quartile range [IQR] 1.94-4.45): 2.86
years (IQR 1.90-4.19) in the fenofibrate
group, and 3.30 years (IQR 2.01-4.66)
in the nonuser group.

We performed a subgroup analysis
under the categories of BMI, with a cut-
off value of 25 kg/m?% TG, 200 mg/dL;
HDL cholesterol, 35 mg/dL; and LDL
cholesterol, 130 or 100 mg/dL, as well
as HDL cholesterol <35 mg/dL, TG
=200 mg/dL, sex, age, income, and
some medical and social histories.

Propensity Score Matching Analysis

We tried to overcome bias and the imbal-
ance of baseline characteristics and control
for confounders by performing a 1:1 pro-
pensity score matching (PSM) analysis
with greedy nearest-neighbor matching
between the fenofibrate and control
groups. We entered age, sex, BMI, house-
hold income stratified by high and low lev-
els (low level included 0-3, and high level
4-10 in decile classification of original
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data), LDL cholesterol, TG, HDL cholesterol,
alcohol habits, smoking habits, statin intake,
and aforementioned comorbidities includ-
ing history of MI, angina, other CAD,
stroke, cancer, chronic kidney disease,
hypertension, atrial fibrillation, heart fail-
ure, and PCl.

Statistical Analysis

Categorical variables were presented as
numbers and percentages and com-
pared using the Xz test or Fisher exact
test. Continuous variables are presented
as mean t standard deviation and were
compared using the independent sam-
ple Student t test.

After PSM, we used the paired Stu-
dent t test for continuous variables in
comparing the two groups and the
Cochran-Mantel-Haenszel test for cate-
gorical variables. We categorized age
with a cutoff value of 65 years; BMI, 25
kg/m?%; TG, 200 mg/dL; HDL cholesterol,
35 mg/dL; and LDL cholesterol, 100 or
130 mg/dL for analysis. We also calcu-
lated the absolute standardized differ-
ence to examine the differences in
comorbidities between the fenofibrate
and control groups, regarding it as negli-
gible if the value was <0.1.

The main outcomes were identified
after PSM analysis, and we performed
logistic regression analysis. We present
the absolute event rate and the event
rate per 1,000 person-years for primary
end points, individual events, and all-
cause mortality.

In addition, a stratified Cox propor-
tional hazards regression analysis was
used for risk analysis. The hazard ratio
(HR) and 95% Cl are presented. The inci-
dence of the end points is shown with
Kaplan-Meier curves, and differences
were assessed using the stratified log-
rank test.

A subgroup analysis was conducted to
compare the incidence of the primary out-
comes across different clinical conditions
that can influence prognosis, and an inter-
action analysis was conducted to examine
heterogeneity. A P value of <0.05 (two
sided) or absolute standardized difference
of =0.1 was regarded as statistically signif-
icant. Statistical analyses were performed
with SAS Enterprise Guide 7.1. (SAS
Institute).

RESULTS

Fenofibrate Only Versus Neither
Fenofibrate nor Omega-3 Fatty Acid
The fenofibrate or omega-3 fatty acid
group included 8,383 patients, and the
nonuser group included 55,344. After
excluding 3,244 patients using omega-3
fatty acid, 5,139 were fenofibrate only
users (Supplementary Fig. 1). After 1:1
PSM, 10,114 patients were allocated,
5,057 to the fenofibrate only group and
5,057 to the nonuser group. Baseline
characteristics of patients are presented
in Table 1. The overall characteristics
were well balanced after PSM, except
for TG =200 mg/dL and HDL cholesterol
<60 mg/dL (Table 1). The median
follow-up was 3.1 years.

The primary composite outcome was
significantly lower in the fenofibrate
group compared with the control group
(13.4 vs. 15.5 per 1,000 person-years;

Jo and Associates

HR 0.76; 95% Cl 0.62-0.94; P = 0.010)
(Table 2 and Fig. 1A).

Incidence of the individual outcome
of stroke was lower in the fenofibrate
group compared with the control group
(6.5 vs. 8.6 per 1,000 person-years,
respectively; HR 0.621; 95% Cl 0.463-0.833;
P = 0.0015) (Table 2 and Fig. 1C). Rates of
cardiac death and all-cause death were also
significantly lower in the fenofibrate group,
at 1.8 vs. 3.1 per 1,000 person-years (HR
0.59; 95% Cl 0.352-0.987; P = 0.0446)
and 7.6 vs. 153 per 1,000 person-years
(HR 0.437; 95% Cl 0.340-0.562; P < 0.0001),
respectively (Table 2 and Fig. 1€ and F).

However, MI and PCl were not differ-
ent between the fenofibrate and control
groups, at 1.6 vs. 1.6 per 1,000 person-years
(HR 1.158; 95% Cl 0.627-2.139; P = 0.640)
and 5.7 vs. 4.7 per 1,000 person-years
(HR 1.159; 95% Cl 0.827-1.623; P = 0.392),
respectively (Table 2 and Fig. 1B and D).

Table 2—Cardiovascular event rate between fenofibrate only users vs. nonusers

Users Nonusers
(n = 5,057) (n = 5,057)

Composite events (M, stroke, PCl, and cardiac death)
No. of events 207 258
Incidence rate per 1,000 person-years 13.4 15.5
HR (95% Cl) 0.76 (0.617-0.936) 1.00
P 0.010

Ml
No. of events 26 27
Incidence rate per 1,000 person-years 1.6 1.6
HR (95% Cl) 1.158 (0.627-2.139) 1.00
P 0.6397

Stroke
No. of events 101 145
Incidence rate per 1,000 person-years 6.5 8.6
HR (95% Cl) 0.621 (0.463-0.833) 1.00
P 0.0015

PCl
No. of events 90 80
Incidence rate per 1,000 person-years 5.7 4.7
HR (95% Cl) 1.159 (0.827-1.623) 1.00
P 0.3916

Cardiac death
No. of events 29 53
Incidence rate per 1,000 person-years 1.8 3.1
HR (95% Cl) 0.59 (0.352-0.987) 1.00
P 0.0446

Death
No. of events 121 262
Incidence rate per 1,000 person-years 7.6 15.3
HR (95% CI) 0.437 (0.34-0.562) 1.00
P <0.0001
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Figure 1—Survival of composite and individual outcomes according to fenofibrate use vs. fenofi-
brate and omega-3 fatty acid nonuse. A: Survival for primary composite outcome of MI, stroke,
PCl, and cardiac death according to fenofibrate use vs. nonuse (log-rank P = 0.0097). B: Survival
for MI according to fenofibrate use vs. nonuse (log-rank P = 0.6394). C: Survival for stroke
according to fenofibrate use vs. nonuse (log-rank P = 0.0013). D: Survival for PCl according to
fenofibrate use vs. nonuse (log-rank P = 0.3912). E: Survival for cardiac death according to feno-
fibrate use vs. nonuse (log-rank P = 0.0422). F: Survival for all-cause death according to fenofi-
brate use vs. nonuse (log-rank P < 0.0001).

Kaplan-Meier analysis showed statistically
significantly favorable efficacy with fenofi-
brate only use versus nonuse in the primary
outcome, stroke, cardiac death, and all-cause
death (Fig. 1).

Stratification by Duration of
Fenofibrate Use

When we stratified the duration of
fenofibrate use by quartile (Q), with

Q1 as 1-59 days, Q2 as 60-193 days,
Q3 as 194-485 days, and Q4 as =486
days, in increasing order, the adjusted
HR of the composite outcome in the
Q1 group increased to 1.52 (model 8;
95% Cl 1.169-1.977; P = 0.0018)
(Supplementary Table 2), with no
change in the Q2 or Q3 group com-
pared with the control group. How-
ever, the risk decreased in Q4, with

an HR of 0.347 (95% CI 0.226-0.532;
P < 0.0001) (adjustment model 8). (Supple-
mentary Table 2 and Supplementary Fig. 2).

Subgroup Analysis in Fenofibrate
Users

In the subgroup analysis, the favorable
effect of fenofibrate was sustained con-
sistently across all subsets of patients (Fig.
2). Notably, the efficacy of fenofibrate per-
sisted regardless of LDL cholesterol, HDL
cholesterol, TG level, or the combination
of both high TG and low HDL cholesterol
levels. The efficacy was more pronounced
in men, patients with a history of stroke,
and patients with LDL cholesterol of
<100 mg/dL, with significant P values
for interaction.

CONCLUSIONS

We demonstrated that fenofibrate use
is associated with a better long-term
clinical outcome of the composite of
Ml, stroke, PCl, and cardiac death, as
well as some individual outcomes,
including stroke, cardiac death, and all-
cause death, in patients with type 2 dia-
betes. The benefit was consistent across
all subgroups and was pronounced in
longer-duration users of fenofibrate.

Our study has value in its large scale,
its reflection of a real-world practice
setting, and its definite and consistent
results after thorough multiple adjust-
ments of covariables and subgroup
analyses.

Patients with diabetes are prone to a
more atherogenic environment, with
small dense LDL cholesterol, high TG-
rich lipoprotein (TRL) cholesterol, and
low HDL cholesterol (13-15). An ele-
vated TG level, aside from the number
of particles carrying TG, has been
reported to be associated with CVD,
despite of some controversies, even
when LDL cholesterol is under control
with statin treatment (16—18). Further-
more, some genetic studies using Men-
delian randomization methods have
raised the possibility that TG or TRL
cholesterol could cause CVD (4,19).
Therefore, we can assume that lowering
of TG levels can be a therapeutic target,
and fenofibrate can be an alternative to
statins to reduce residual risk, especially
for patients with diabetes (15,20).
Koreans and other Asian people are
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appropriate candidates for TG lowering,
because they tend to have a lipid profile
including high TG and low HDL choles-
terol, mainly as a result of a sedentary
lifestyle and high-carbohydrate diet
(21). Thus, Korean patients with diabe-
tes may be fit for fenofibrate treatment,
and our study results support this.
Moreover, a recent South Korean study
corresponds well with our study in that
the authors also showed positive results
with fenofibrate in a population of
patients with metabolic syndrome, a
group at lower risk than our patients
with diabetes (22). Considering that the
cardiovascular risk of patients in our
study was higher (e.g., 10-fold CAD
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3758 2777 1807 940 273

3599 2311 1424 721 222
2 3 4 5 6
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history) as well as the fact that our
entire study population had diabetes
and the population was larger (2.34-
fold), our study results firmly support
the role of fenofibrate in Koreans.
Previous trials have been frustrating,
mainly because sample sizes have been
relatively inadequate to determine statis-
tical significance or because patients with
diabetes have already been using statins,
as was the case in the ACCORD trial (7).
However, in the FIELD study, the benefit of
fenofibrate was seen more prominently
than in the ACCORD trial in that incidence
of nonfatal Ml and total CVD was lower in
the fenofibrate group, despite the overall
failure to show a significant risk reduction

Jo and Associates

(6). We believe this was mainly due to
the nonuse of statins at baseline and the
larger sample size compared with the
ACCORD trial. In both trials, a specific sub-
set of patients with high TG and low HDL
cholesterol benefited from fenofibrate,
even with the use of statins, because
these patients were at a risk high enough
to realize the effect of fenofibrate. Our
study population was much larger at
~10,000 (ACCORD n = ~5,500; FIELDS
n = ~6,000), the baseline risk was higher,
with a CAD history of 37% among our par-
ticipants (ACCORD 36%; FIELDS 22%), and
the rate of statin use was 65% compared
with ACCORD (statin use 100% in the
active drug group of simvastatin plus
fenofibrate) and FILED (no statin use).
These factors may have contributed
to the definite positive results seen in
the fenofibrate group in our study.

Notably, when we consider the mod-
erate to high levels of baseline non-HDL
and indirect TRL cholesterol (total cho-
lesterol — HDL cholesterol — LDL choles-
terol) along with the moderate LDL
cholesterol (110 mg/dL) and TG levels
(240 mg/dL), it is possible for fenofibrate
to have had a beneficial effect in our
study (18) (Table 1). In view of the
importance of remnant lipoprotein par-
ticles in the setting of elevated TG in dia-
betes, the indirect calculation of TRL
cholesterol has value and may help inter-
pret the positive results of our study.

The ACCORD lipid extension study,
which extended the follow-up period of
the original ACCORD study by 5 years
(total of 10 years), still demonstrated an
overall neutral effect. However, it also
showed a potential benefit of fenofi-
brate in a specific subset of patients
with high TG and low HDL cholesterol
(23). Another extended posttrial follow-
up study (total of 10 years) of the
ACCORD trial also demonstrated a leg-
acy effect of fenofibrate, with reduced
CVD death and all-cause death. These
results complement our results (24).

Our study showed consistently favorable
results with fenofibrate in all subsets of
patients across all TG, HDL cholesterol,
and LDL cholesterol levels, as well as in
the group with a combination of high TG
and low HDL cholesterol, irrespective of
statin use. Moreover, the effect was more
pronounced in longer-duration users (Q4)
of fenofibrate, whereas users in Q1 experi-
enced a high event rate in composite out-
comes. This might have occurred by
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Figure 1—Continued

chance, but it might also be explained by
the high probability of experiencing a clini-
cal event among patients at risk of CVD in
the initial stage of study drug use, when
duration of use was not yet long enough
for the drug to have efficacy. Consistent
subgroup analysis and examination of the
effect of duration on response are major
strengths of our study.

To induce benefits in addition to lower-
ing TG levels, we believe peroxisome pro-
liferator—activated receptor o« (PPAR-a)
agonists, which have anti-inflammatory
and antioxidative effects and improve

0.4 omega-3/fenofibrate (-)

fenofibrate (+)

1 2 3 4 s 6

3800 2814 1831 961 282

3649 2342 1447 739 226
2 3 4 5 6

Follow-Up Duration (Year)

endothelial function, could contribute to
the beneficial effect of fenofibrate (25-27).
More specifically, PPAR-ac agonists modu-
late the expression of cytokines and adhe-
sion molecules and have antiatherosclerotic
effects (28). They reduce activation of
nuclear factor-kB and prevent nuclear fac-
tor-kB translocation to the nucleus, termi-
nating activation of the inflammatory
pathway (28). In vascular smooth muscle
cells, activation of PPAR-« inhibits interleu-
kin-1-induced production of interleukin-6
and prostaglandins as well as the expres-
sion of cyclooxygenase Il (28).
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Clinical Implications

Our study demonstrated the definite and
consistent beneficial effect of fenofibrate in
a Korean population of patients with diabe-
tes. For Koreans and presumably other Asian
people with diabetes who have a sedentary
lifestyle and carbohydrate-oriented food cul-
ture, lowering of TG with fenofibrate, with
or without statins, could potentially improve
cardiovascular outcomes, including reduction
of cardiac death and all-cause death rates,
regardless of TG and/or HDL cholesterol
level.

Limitations
Our study has some limitations. First, this
was a population-based cohort study,
which has inevitable biases, even though
we tried to avoid expected confounders
by PSM analysis. However, hidden biases
may have remained. Therefore, our real-
world results should be interpreted with
caution, in contrast to the results of a ran-
domized clinical trial. We recognize there
may be limitations in drawing the conclu-
sion of fenofibrate benefit in patients with
type 2 diabetes based on our study results.
However, we consider our results to be in
accordance with previous registry data,
and fenofibrate might be a treatment
option for high-risk patients with diabetes,
at least in the Korean population (22).
Second, the diagnosis codes for base-
line comorbidities could have been
missed or inaccurate as a result of, for
example, government insurance reim-
bursement issues. Third, the criteria for
inclusion in each group were dependent
on prescription of the study drug at
least once. The true drug intake and
adherence are uncertain. To overcome
this limitation, we analyzed the group
according to drug use duration by Q
and found efficacy of the study drug
with  longer-duration use. Fourth,
because of a lack of data, we do not
present information on drug name or
dose or patient adherence, which could
have made some difference in the study
results. Data on blood and urine exami-
nations were also sparse. Fifth, our
study results were derived from a popu-
lation-based cohort based on data from
the South Korean NHIS. We acknowl-
edge that the results indicating a fenofi-
brate benefit cannot necessarily be
applied to other ethnicities or popula-
tions. Finally, we could not provide
information on the level of LDL choles-
terol achieved or other lipid data,
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Subgroup feno/omega(-) feno(+) Hazard Ratio P-value
|

Overall 258/5057 (5.1) 207/5057 (4.1) O 0.76 (0.62.0.94)

Sex | 0.0240
Male 184/2954 (6.2) 128/2957 (4.3) HE 0.72 (0.58.0.80)
Female 74/2103 (3.5) 79/2100 (3.8) ——— 1.14 (0.83.1.57)

Age Group | 0.3402
= 65 yrs 147/1747 (8.4) 108/1712 (6.4) =i 0.78 (0.61.1.00)
< B65yrs 111/3310 (3.4) 98/3345 (2.9) —— 0.93 (0.71.1.22)

Income | 0.6582
0-3 54/1147 (4.7) 40/1137 (3.5) —— 0.78 (0.52.1.17)
4-10 204/3910 (5.2) 167/3920 (4.3) i 0.86 (0.70,1.05)

AF history | 0.4214
Yes 28/211 (13.3) 18/206 (8.7) —a— 0.65 (0.36.1.17)
Ne 230/4846 (4.7) 189/4851 (3.9) - 0.87 (0.71.1.05)

CKD history | 0.6015
Yes 11/115 (9.6) 6/101 (5.9) I [ T ! 0.62 (0.23.1.68)
No 247/4942 (5.0) 201/4956 (4.1) il 0.85 (0.71.1.08)

HF history | 0.6426
Yes 34/355 (9.6) 31/366 (8.5) —a— 0.92 (0.57.1.50)
Ne 224/4702 (4.8) 176/4691 (3.8) i 0.83 (0.68.1.01)

HTN history | 0.8959
Yes 223/3950 (5.86) 174/3824 (4.6) |_._T| 0.85 (0.70.1.03)
No 35/1107 (3.2) 33/1233 (2.7) —a— 0.89 (0.55.1.44)

MI history | 0.3676
Yes 35/275 (12.7) 22/252 (8.7) |—.—]—{ 0.65 (0.38.1.12)
Ne 223/4782 (4.7) 185/4805 (3.9) l—.—|-| 0.87 (0.72.1.06)

PCI history | 0.9308
Yes 22/107 (20.6) 15/91 (16.5) l_._|—| 0.78 (0.40.1.50)
Ne 236/4950 (4.8) 192/4966 (3.9) I—.—|-| 0.85 (0.71,1.03)

Stroke history | 0.0059
Yes 133/877 (15.2) 80/804 (10.0) = | 0.64 (0.48.0.84)
Ne 125/4180 (3.0) 127/4253 (3.0) E—II—| 1.08 (0.84.1.38)

Statin history | 0.6220
Yes 198/3411 (5.8) 147/3224 (4.6) |—.—i| 0.83 (0.67.1.03)
No 60/1646 (3.6) 60/1833 (3.3) |—.|—| 0.94 (0.65.1.34)

Drinking | 0.2377
Yes 125/2450 (5.1) 88/2450 (3.6) }-—.—OI 0.74 (0.57.0.98)
Ne 133/2607 (5.1) 119/2607 (4.6) I—.|—| 0.93 (0.73.1.19)

Smoking 0.5445
Yes 73/1049 (7.0 63/1050 (6.0) — 0.92 (0.66.1.29)
No 185/4008 (4.6) 144/4007 (3.6) .-.—’ 0.81 (0.65.1.01)

BMI 0.6902
= 25 kg/m 115/2680 (4.3) 91/2583 (3.5) l—.|—| 0.87 (0.66.1.15)
< 25 kg/m™ 143/2377 (6.0) 116/2474 (4.7) I—.—II 0.81 (0.63.1.03)

HDL-C and TG group ! 0.9737
HDL-C < 35 mg/dL and TG = 200 mg/dL  20/347 (5.8) 18/384 (4.7) —- 0.78 (0.41.1.49)
Others 238/4710 (5.1) 189/4673 (4.0) }-.—4:| 0.84 (0.69.1.02)

TG 0.4545
= 200 mg/dL 119/2481 (4.8) 102/2785 (3.7) I—.—I| 0.80 (0.61.1.04)
< 200 mg/dL 139/2576 (5.4) 105/2272 (4.6) I—ll—l 0.91 (0.71.1.17)

HDL-C Group | 0.9974
= 35 mg/dL 229/4581 (5.0) 182/4558 (4.0) |—.—|| 0.84 (0.69.1.02)
< 35 mg/dL 28/476 (6.1) 25/499 (5.0) |—.—|—| 0.81 (0.47.1.39)

LDL-C Groupl | 0.0209
= 100 mg/dL 151/3031 (5.0) 137/2915 (4.7) l—*—| 1.00 (0.80.1.26)
< 100 mg/dL 107/2026 (5.3) 70/2142 (3.3) i 0.64 (0.47.0.86)

LDL-C Group2 | 0.2607
= 130 mg/dL 78/1599 (4.9) 66/1485 (4.4) I—*—| 0.98 (0.71.1.36)
< 130 mg/dL 180/3458 (5.2) 141/3572 (3.9) l—-—|| 0.79 (0.63.0.98)

| Figure 2—Subgroup analysis for fenofibrate use vs. nonuse. AF, atrial fibrillation; CKD, chronic kidney disease; HF, heart failure; HTN, hypertension.

which could have affected the out-
comes of fenofibrate users, because we
had so few consecutive data on these
factors.

Conclusion

Fenofibrate use was associated with a
reduced risk of cardiovascular events,
cardiac death, and all-cause death dur-
ing 3-year follow-up in patients with
type 2 diabetes in a real-world setting.

|
0.0 0.5 1.0

Fenofibrate (+) better

15

2.0

Omega-3/fenofibrate (-) better
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