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ABSTRACT

Introduction: In dyslipidemia associated with
type 2 diabetes (T2DM), elevated triglycerides
(TG), increased low-density lipoprotein cho-
lesterol (LDL-C), and decreased high-density
lipoprotein cholesterol (HDL-C) levels are com-
monly found, resulting in a high prevalence
of mixed dyslipidemia among patients with
T2DM. Therefore, the combination therapy of
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atorvastatin/fenofibrate may be useful for sim-
plifying pharmacological regimens, enhancing
adherence, and requiring fewer doses of each
drug to achieve the target, which decreases the
number of adverse events.

Methods: We conducted a randomized mul-
ticenter, double-blind clinical trial of patients
with T2DM and mixed dyslipidemia to evaluate
the magnitude of change in lipid profile with a
fixed-dose combination (FDC) therapy group of
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atorvastatin 20 mg/fenofibrate 160 mg (G_FDC)
versus atorvastatin 20 mg monotherapy group
(G_M), both oral route, one tablet every 24 h.
The magnitude of change in the lipid profile at 2
and 4 months was compared within each group
and between groups using the analysis of vari-
ance (ANOVA) test. A p value<0.05 was consid-
ered statistically significant.

Results: A total of 76 patients were included
(38 per group), with an age of 56.7+10.2 years,
and 56.6% were women. The values at 4 months
for G_FDC vs. G_M were as follow: TG mg/dL
(-144.3 vs. -64.0, p=0.004), TG percentage
change (%C) (-47.9 vs. -33.1, p=0.007); LDL-C
mg/dL (-50.5 vs. -51.7, p=0.784), LDL-C %C
(—42.5 vs. —-45.6, p=0.899). The percentage of
patients who achieved the targets for triglyc-
erides (TG) was 56.7% compared to 43.8%
(p=0.309), while for LDL-C, it was 73.3% com-
pared to 78.1% (p=0.660). Finally, the predictive
cardiovascular risk indices (A of change) showed
a TG/HDL index of -3.9+4.6 vs. -1.5+2.9
(p=0.015) and a Tg/glucose index of -0.7+0.5
vs. —0.3+£0.4 (p=0.003).

Conclusion: The FDC therapy of atorvastatin
20 mg/fenofibrate 160 mg achieved a greater
percentage reduction in lipid profile than ator-
vastatin alone. No differences in adverse events
were observed between the groups.

Clinical Trials Registration: ClinicalTrials.gov
No. NCT04882293, registration date: February
28, 2022.

Keywords: Dyslipidemias; Type 2 diabetes;
Fixed-dose combination; Atorvastatin;
Triglycerides; Fenofibrate

Key Summary Points

Why carry out this study?

Cardiovascular diseases are considered the
main cause of death worldwide; dyslipidemia
and type 2 diabetes are the main metabolic
factors that influence the incidence of these
disorders.

Statins are the cornerstone of therapy for
mixed dyslipidemia, effectively lowering
low-density lipoprotein cholesterol levels.
However, residual risks are associated with
elevated triglycerides and low high-density
lipoprotein cholesterol concentrations, neces-
sitating additional lipid-lowering therapies
such as fibrates for more significant reduc-
tions.

This study aimed to evaluate the changes in
lipid profile measurements at 2 and 4 months
in comparison with baseline values and to
assess differences between treatment groups.
The treatments compared were fixed-dose
combination (FDC) atorvastatin 20 mg and
fenofibrate 160 mg versus atorvastatin 20 mg
alone.

What was learned from the study?

The study provides evidence supporting the
superiority of FDC atorvastatin 20 mg/fenofi-
brate 160 mg over monotherapy, improving
the lipid profile, mainly triglycerides, and
using lower doses, which improves tolerabil-
ity while maintaining a favorable safety pro-
file in patients with T2DM and dyslipidemia,
against atorvastatin 20 mg.

INTRODUCTION

Cardiovascular diseases (CVD) are considered
the leading cause of death worldwide, with cir-
culatory risk factors such as hypertension (HT),
as well as metabolic factors like type 2 diabetes
(T2DM) and dyslipidemias [1, 2]. The last one is
usually of a secondary cause related to a seden-
tary lifestyle, excessive intake of saturated fats,
obesity, T2DM, and smoking [3, 4].

In Latin America, including Mexico, the
prevalence of T2DM is among the highest in
the world, and although it is a risk factor for
CVD on its own, the presence of comorbidity
such as dyslipidemias, which occur in around
35-50% of cases, increases this risk by aggra-
vating atherosclerotic disease [5, 6]. In dyslipi-
demia associated with T2DM, elevated triglyc-
erides (TG), increased low-density lipoprotein
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cholesterol (LDL-C), and decreased high-density
lipoprotein cholesterol (HDL-C) are commonly
found, resulting in a high prevalence of mixed
dyslipidemia among patients with T2DM, who
are recommended strict management of these
alterations; [6] among the markers associated
with this risk are the triglyceride-glucose index
TG/glucose [7] and TG/HDL-C index [8].

Timely treatment aimed at improving lifestyle,
emphasizing weight loss, dietary fat reduction,
and physical exercise, is often insufficient
and requires accompanying pharmacological
treatment [6]. LDL-C and TG levels represent
two targets on which therapeutic goals should
be defined for the control of dyslipidemia [3].
Among lipid-lowering drugs, statins are the
cornerstone; they reduce cholesterol synthesis
in the liver through a competitive inhibition
mechanism with 3-hydroxy-3-methylglutaryl-
coenzyme A (HMG-CoA) [3] and increase the
clearance of LDL and other ApoB-containing
lipoproteins, including triglyceride-rich particles
[9]. The degree of LDL-C reduction will depend
on the dosage, with some variation between
statins, aiming for a reduction of over 50%
at high doses and between 30 and 50% with
moderate doses. Similarly, an increase in HDL-C
of 1-10% and a reduction in TG between 10 and
20% is observed [9]. Meanwhile, fibrates are
recommended in the initial treatment alongside
statins [9-11]. These are agonists of peroxisome
proliferator-activated receptors (PPAR-a),
promoting the catabolism of triglyceride-rich
particles [9]. They also achieve a reduction
0f<20% in LDL-C levels and an increase of<20%
in HDL-C [9]. These drugs, statins and fibrates,
can be used alone or in combination; but in the
presence of hypertriglyceridemia, a common
occurrence in patients with T2DM, the use of
fibrates is recommended, achieving reductions
of 45-50% [9-11].

A review of various studies demonstrated
the benefit of combination therapy, achieving
a reduction in total cholesterol and TG, with
improvement in HDL values but no increase in
adverse effects [12].

The combination of atorvastatin/fenofibrate
was performed because, among statins, this has
been demonstrated as one of the most potent
for LDL-C reduction, with an effect on TG, and

as being dose-dependent [13, 14]. For its part,
fenofibrate has shown minimal risk of increasing
statin levels [13] and has demonstrated its safety
in combination with a statin without increas-
ing the occurrence of muscle adverse events
compared to statin monotherapy [15-17]. The
advantage of this combination seems to be due
to different mechanisms of action [3, 9-11]. This
type of fixed-dose combination (FDC) therapy
has proven useful in simplifying pharmacologi-
cal regimens, enhancing adherence, and requir-
ing fewer doses of each drug to achieve the
target, which decreases the number of adverse
events as well as the presence of polypharmacy
[18-20].

METHODS

A phase III randomized, double-blind, multi-
center (four centers in Mexico) clinical trial was
conducted. The study was developed follow-
ing the legal provisions of the General Health
Law of the United Mexican States and the Hel-
sinki Declaration of 1964 and its later amend-
ments. The study protocol, informed consent
form (ICF), and any other relevant documents
according to National Regulation were reviewed
and approved by an independent ethics com-
mittee (IEC) (Investigacion Biomédica para el
Desarrollo de Farmacos, S.A. de C.V.), and by
Mexican regulatory authorities (Federal Com-
mission for the Protection against Sanitary Risks
[COFEPRIS]), with authorization number COFE-
PRIS: 223300912X1745/2022 and registered in
ClinicalTrials.gov No. NCT04882293. It was con-
ducted in accordance with the clinical protocol.

Patients were required to be between 18
and 75 years of age and to have a T2DM diag-
nosis, with HbA1¢c<9.5% and mixed dyslipi-
demia (LDL-C>100 mg/dL and TG>150 mg/
dL). Patients meeting the inclusion require-
ments were invited to participate, the study
was explained, and in the case of women with
a probability of becoming pregnant, they were
advised of the need to use a contraceptive
method during the study period. Finally, writ-
ten informed consent was obtained. During the
initial evaluation, patients who had any of the
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following were excluded: medical contraindica-
tion for the use of any of the drugs; use of oral
contraceptives at the time of admission; use
of cyclosporine or potent CYP3A4 inhibitors,
protease inhibitors, erythromycin, or azoles;
acute renal dysfunction or glomerular filtra-
tion<30 mL/min/1.73 m?; history of chronic
liver disease or alanine aminotransferase (ALT)
and/or aspartate aminotransferase (AST)>2
times or gamma-glutamyl transferase (GGT)>3
times the upper normal limit; chronic or acute
pancreatitis, except for acute pancreatitis due to
severe hypertriglyceridemia; diagnosis of active
gallbladder disease; history or presence of myo-
pathies, pregnancy, or lactation; or any other
disease with a poor prognosis, such as terminal
cancer, renal, cardiac, respiratory, or hepatic fail-
ure, or mental illness, or with scheduled surgical
or hospital procedures.

Patients selected based on the results of
their initial visit received guidance on lifestyle
changes and were randomized into one of two
groups:

e Treatment A: FDC of atorvastatin 20 mg/
fenofibrate 160 mg. Tablet. Manufacturer:
Laboratorios Silanes S.A. de C.V. Therapy
group (G), fixed-dose combination (FDC),
(G_FDC).

e Treatment B: Atorvastatin 20 mg (Lipitor®).

Tablet. Manufacturer: Pfizer Pharmaceuticals,
LLC. Monotherapy group (G_M).

We used simple randomization via the www.
randomization.com platform, balanced by treat-
ment. Sealed randomization envelopes were
used for each kit. The sponsor provided the
randomized medications, and the study treat-
ments were distributed at each visit by person-
nel delegated by the principal investigator. In
both groups, the treatment was administered
orally (PO) once a day over a 4-month follow-up
period. Each research subject was provided with
a patient diary to record daily medication intake,
and they were asked to return their packaging at
each visit to verify adherence to the treatment,
which consisted of atorvastatin/fenofibrate
91.2% and atorvastatin 95.7% (p=0.241).

Six clinic visits were planned. An initial
screening visit to identify inclusion criteria (visit

-1, 15 days prior), followed by the initial evalua-
tion (visit O, at the start), where anthropometric
measurements, tobacco consumption history,
and laboratory measurements were obtained
to verify selection criteria (inclusion and exclu-
sion). Treatment groups were assigned, and dur-
ing follow-up evaluations at 2 and 4 months
(visits 2 and 4), laboratory tests were repeated
to measure outcomes. Patients were required to
fast for at least 8 h before blood samples were
taken. Efficacy measurements were performed,
including TG, LDL-C, HDL-C, total cholesterol,
and lipoprotein (a) [Lp (a)]. For laboratory safety
evaluation, glucose, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), gamma-
glutamyl transferase (GGT), alkaline phos-
phatase, creatine kinase (CPK), creatinine, urea,
urinalysis, and the presence of new or increased
symptoms of muscle pain were measured. Dur-
ing all visits (visits 1-4), possible adverse events
were evaluated, and their frequency, intensity,
and causality were analyzed. Adverse events
were coded according to the Medical Diction-
ary for Regulatory Activities (MedDRA).

In the efficacy evaluation conducted at 2
and 4 months, TG and LDL-C were measured
in mg/dL, along with their delta (A) and per-
centage change, and the percentage of subjects
who reached the therapeutic goal, which was for
TG (<150 mg/dL) and for LDL-C (a 30% reduc-
tion compared to baseline concentrations). The
effects of treatment on other biochemical mark-
ers of dyslipidemia, such as total cholesterol
and HDL-C, as well as on prognostic indicators
(index TG/glucose and TG/HDL-C), were also
measured.

The sample size was estimated using a
formula for the difference of means, accepting
a confidence level of 95% (a=0.05), a statistical
power of 90%, considering a difference in
triglycerides (primary variable) of 104 mg/dL,
and a standard deviation of 129 in favor of the
fixed-dose combination therapy. The calculation
was 32 patients per treatment group, increased
by 20% in case of losses to maintain data
stability (38 patients per group). A total of 173
patients were evaluated, with 76 meeting the
selection criteria and included in the study.

A\ Adis


http://www.randomization.com
http://www.randomization.com

Cardiol Ther (2025) 14:297-314

301

Statistical Analysis

Baseline characteristics were compared between
groups for normally distributed quantitative
variables using Student’s t-test for independent
samples, for non-normally distributed quan-
titative variables using the Mann-Whitney U
test, and for dichotomous and ordinal variables
using the chi-squared test. The comparison of
the magnitude of change at 2 and 4 months for
all lipid profiles and indexes of cardiovascular
risk within each group and between treatment
groups was realized through analysis of vari-
ance (ANOVA) and the Friedman test depend-
ing on data distribution tests for quantitative
variables, and with the Cochran, McNemar, and
chi-squared test for dichotomous data. A p-value
0f<0.05 was considered statistically significant.

The authors guarantee the accuracy and integ-
rity of the data and analysis. The analysis was
performed by intention to treat, by a person not
involved in the study, and the research group
prepared the manuscript.

RESULTS

A total of 173 patients were evaluated, of which
76 were included and randomized into the
G_FDC (atorvastatin/fenofibrate group; n=38)
and the G_M (atorvastatin group; n=38) at visit
1. During follow-up, six patients were lost to
follow-up, four from the G_FDC and two from
the G_M. The average age of the population was
56.7+10.2 years, and 56.6% were women. Over-
weight was observed in 40.8% of the popula-
tion and obesity in 51.3%. Systolic blood pres-
sure (SBP) was 126.9+17.4 mmHg, and diastolic
blood pressure (DBP) was 78.7+11.1 mmHg.
Laboratory studies highlighted a glucose level
of 110.5+34.8 mg/dL, glycated hemoglobin of
6.4+1.1%, LDL-C of 135.6+24.9 mg/dL, HDL-C
of 37.8+7.5 mg/dL in men and 44.1+8.3 mg/
dL in women, and TG of 226.5 (180.5, 309.7)
mg/dL. Additionally, 32.9% were smokers, with
high cardiovascular risk in 9.2% and very high
in 1.3%. The use of concomitant medications
was recorded, revealing that approximately

40% of patients reported the use of nonsteroi-
dal anti-inflammatory drugs (NSAIDs), with
acetylsalicylic acid being the most commonly
used. Similarly, 50% of patients were using some
antihypertensive medication, predominantly
those from the angiotensin II receptor antago-
nist group. On the other hand, it was observed
that 89.5% of patients were being treated with
antidiabetic medications, with oral hypoglyce-
mic therapy being the most common. Among
those receiving monotherapy (70.6%), met-
formin was the most commonly employed drug.
Regarding dual therapy (13.2%), combinations
of biguanides with sulfonylureas were the most
reported. Additionally, the prescription of inject-
able antidiabetics was documented in 16.2% of
patients. No differences were observed between
the treatment groups. The complete baseline sta-
tus is shown in Table 1.

For the primary efficacy outcome, changes
in the lipid profile were comparable for both
treatments (Table 2). Significant changes were
observed from the first two months and main-
tained until four months, particularly in TG
concentrations, with a greater reduction in the
G_FDC compared with G_M. [A change mg/
dL (2 months, -133.5+135.7 vs. -66.0+73.0,
p=0.010), (4 months, -144.3+136.1 vs.
-64.0+£78.6, p=0.006), (Fig. 1)].

Likewise, an analysis of the data obtained
for the LDL-C marker was performed, observ-
ing that both treatment groups (G_FDC com-
pared to G_M) reported a reduction greater than
50% at 2 months (A change mg/dL, 2 months
-57.8+5.6 vs. —=59.5+4.3, p=0.813), and this
remained the case until 4 months of interven-
tion (A change mg/dL, -50.5+7.5 vs. 51.7+6.1,
p=0.784).

Within the G_FDC, significant changes
in total cholesterol were observed at 2 and
4 months with respect to their baseline visit
(216.9 mg/dL vs. 143.0 mg/dL, p=0.001 vs.
147.2 mg/dL, p=0.00), with an average reduc-
tion of more than 30% at the end of the inter-
vention. For the G_M, significant reductions
were identified at both 2 and 4 months of fol-
low-up (218.7 mg/dL vs. 148.8 mg/dL, p=0.001,
vs. 158.3 mg/dL, p=0.001). The average reduc-
tion at the end of the intervention was lower
than that reported with the combination of
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Table 1 Bascline sociodemographic, anthropometric, clinical, and biochemical characteristics of the patients enrolled in the

study by treatment group

Variable Total N=76 Atorvastatin 20 mg/ Atorvastatin 20 mgz=38  p
fenofibrate 160 mg
n=38
Age (years)* 56.7+10.2 55.3+9.3 58.0+10.9 0.250
Sex” 0.817
Men 33 of 76 (43.4) 16 of 38 (42.1) 17 of 38 (44.7)
Women 43 of 76 (56.6) 22 of 38 (57.9) 21 of 38 (55.3)
Anthropometric characteristics
Weight, Kg* 84.1+ 154 85.2+15.2 83.0+15.6 0.534
Height, m* 164.1+10.0 164.7+10.3 163.6+9.7 0.630
BMI, Kg/m* 312450 31.4+52 30.9+5.0 0.692
Normal® 60f76(7.9) 30f38(7.9) 30f38(7.9) 0.923
Overweight 31 0f 76 (40.8) 16 of 38 (42.1) 15 of 38 (39.5)
Obesity” 39 0f76 (51.3) 19 of 38 (50.0) 20 of 38 (52.6)
Waist circumference, cm 103.3+ 124 104.1+10.8 102.5+13.9 0.586
Clinical characteristics®
Vital signs
SBP, mmHg 126.9+17.4 127.8+16.1 126.1+18.8 0.673
DBP, mmHg 787 +11.1 79.4+11.7 78.0+10.5 0.588
HR, lpm 69.6+ 8.4 712485 68.0+8.1 0.106
RR, rpm 16.8+3.5 16.8+3.6 167 +3.4 0.897
Temperature, °C 36.4+0.2 36.4+0.2 363+0.2 0.173
Biochemical characteristics
Glucose, mg/dL* 110.5+34.8 113.7439.5 107.3429.5 0.421
Glycated hemoglobin, %* 64+1.1 65+1.1 62+1.1 0.305
Total cholesterol, mg/dL* 21824328 217.7 £34.5 21874315 0.896
HDL cholesterol, mg/dL* 414485 41.0+10.0 41.7+6.9 0.718
Men 37.8+7.5 36.4+6.7 39.1+8.2 0.317
Women 441483 443+10.8 43.8+4.8 0.849
LDL cholesterol, mg/dL* 135.6+24.9 133.8+27.5 137.5+22.1 0.521
Non-HDL cholesterol® 176.8+31.1 176.7+31.9 176.9+30.6 0.969
Triglycerides, mg/dL¢ 2265 (180.5,309.7)  224.5(177.5,337.2) 227.0 (183.0,295.7) 0.763
Atherogenic index 53+1.1 S4+1.1 53+1.1 0.892
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Table 1 continued
Variable Total N=76 Atorvastatin 20 mg/ Atorvastatin 20 mgz=38
fenofibrate 160 mg
n=38

Lipoprotein (a) [Lp (2)], g/L¢ 166 (7.7,37.7) 153 (6.8, 45.9) 18.0 (9.4, 31.4) 0.767
CPK, U/L¢ 84.0 (58.2, 124.5) 84.0 (59.7,123.5) 84.0 (52.5, 130.5) 0.593
ALT, U/LS 22.5(17.0,36.5) 22.5(17.0,35.7) 22.5 (16.0, 38.0) 0.625
AST, U/LS 19.0 (16.0,26.7) 20.0 (18.0,26.2) 18.0 (16.0,27.5) 0.233
Alkaline phosphatase, UI/LS  72.5 (57.2,81.7) 70.5 (557, 80.7) 745 (54.7,82.5) 0.647
GGT, U/L* 27.0 (19.0, 46.0) 28.0 (19.0, 46.7) 26.0 (19.0, 46.0) 0.947
Smoking®

Yes 25 of 76 (32.9) 13 of 38 (34.2) 12 0of 38 (31.6) 0.807

No 510f70 (67.1) 25 of 38 (65.8) 26 0f 38 (68.4)
Glomerular filtration rate* 105.4+30.3 103.9+£32.9 105.7£30.9 0.826
Cardiovascular risk®

Low risk 24 0f 76 (31.6) 15 0f 38 (39.5) 90f38 (23.7) 0.391

Moderate risk 44 of 76 (57.9) 20 of 38 (52.6) 24 0f 38 (63.2)

High risk 7076 (9.2) 30f38 (7.9) 40f38(10.5)

Very high risk 1076 (1.3) 00f38 (0) 10£38 (2.6)

BMT body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate, RR respiratory rate, mmHg
millimeters of mercury, bpm beats per minute, 7pm respirations per minute, ALT alanine aminotransferase, AST aspartate

aminotransferase, GGT gamma-glutamyl transferase, 7¢/dL milligrams per deciliter, JU// international units per liter, JQR

interquartile range (25th and 75th percentiles)

*Values are presented as mean + standard deviation, Student’s t-test for independent samples

bValues are presented as frequency and percentage, chi-squared test
q y g q

“Values are presented as median and IQR (25th and 75th percentiles), Mann—-Whitney U test

2 <0.05 significant

atorvastatin/fenofibrate (25.9%). In addition to
the markers described above, non-HDL choles-
terol was calculated, with the intention of evalu-
ating the differences reported throughout the
follow-up. Within the group with the FDC, sta-
tistically significant changes were observed in its
evaluation at both 2 and 4 months (175.6 mg/
dL vs. 100.8 mg/dL, p=0.001 vs. 105.1 mg/dL,
p=0.001), identifying the highest percentage of
reduction at 2 months, with a decrease greater
than 46.8%. At the end of the intervention, a
higher percentage of reduction was observed
compared to G_M (-45.6% vs. —41.3%). Changes

in lipid levels were observed in practically all
lipid profiles, which was statistically significant
(p<0.001), except for HDL-C, which showed a
minimal increase during follow-up (Table 2).

At the end of follow-up, we analyzed the per-
centage of patients who achieved the therapeu-
tic goal for TG (<150 mg/dL) and LDL-C (a 30%
reduction compared to baseline concentrations).
We observed that in the group receiving the
combination, this proportion was higher than
in the control group for TG (56.7% vs. 43.8%,
p=0.309). However, for the LDL-C marker
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5 5 (73.3% vs. 78.1%, p=0.660), a greater response
2 5 2 e s observed in the G_M.
1& § g 'E . WaIn addition to changes in lipi.d proﬁle rnalr)kL-
o~ N ; = ers, triglyceride/glucose anq trlglycerlde/H
+ & & ﬁ % ratios were evaluated as predlqors of cardiovas-
= N N o E E cular risk (Table 3). The magnltqde. of change at
\IE %D —§ = 2 and 4 months was analyzed Wlthln e.ach' treat-
s ° E g 'é ment group, identifying statistically significant
3 g ;‘i —E differences (p=0.001). At the end of fOlLOS‘g;;epé
15 = % : g statistically significant differences were o
g E £ g between the treatment groups [-0.7+0.5 vs.
: 39 :4 5 k= P -0.3£0.4, p=0.003]. The target percentage
5 TS ol _g of<8.5 points for the TG/glucose index was 9/30
S E . = (30%) vs. 5/32 (15.7%), (p=0.080). On tk}e Othe;
~| S i & 3 hand, for the TG/HDL index, the magmtu@e o
d < g : & change (A) was greater at both assessment times
N E % g S for the G_FDC than for the G_M (-3.9+4.6 vs.
2lla2 |E £ g ~1.542.9, p=0.015).
-Fg E £ 4 g* g s i §’ 1Patienéfwith dyslipid?mia. and T%Dllzddatre
g 5‘ TE & %« = 8§ at a high risk of CVD, a risk dlrecjcly hnhe 0
3&1 ;: "é % E”_‘E the development of atheroscleros'ls, ac rlc?n'ldc
4 E E % g _§ inflammatory condition largely driven by ipi |
: i E - g g profile abnormalities. From a pharplacologclfa
: | - 2 § g’n 2 g e perspective, fibrates help reduce remdu.al cardio-
E : 3 —S £ 8 g h: vascular risk associated with atherogenic dYshP1-
e : S ¢§ £ Té’ —E —Fé demia. While statins have beerzz proven ifefgcr?s‘;(e
3 2855 ¢E in significantly lowering LDL- -associa ,
s . Eé % —5 E g \:: }crllleygfail to agequately mitigate the risk stem-
vl g g s 2 & :EJ ming from hypertriglyceridemia and low HDL-C
. | %R = £ = -% £ g 2‘3 levels. In this context, the preser.lt study evgllli-
—FE T;/ f TI _E % E § '§ 2 ated a key marker of residgal cardlgvzfilsculrillra?osr ,
g @ 9 S 2 § § § o E lipoprotein(a) [Lp (a)], a hlghly proin ané na A};
SR ¥ £ 0O 5 £ g § lipoprotein associated w1'th premature /D. :
%D S = <Z< % E z = the end of the intervention, the propohrtlolrlloi)d
€~ S } E S 2 g E patients with Lp(a) levels<3f) mg/dL, aE res old
; 5 g § §° l: _§ § considered low risk accz)gzllsr;i lrtl(()1 ?}i Algrrl(e)gcan
: N) 7 5 5 : E% Atherosclerosis Society :
% £ ml & - _3 —E % ﬁ § § College of Cardiology (ACC), was analyzed. This
& § z 24 S '§ < O —'q; s proportion was 63.3% in the FI?C group com-
HE A g S 253 P .‘3 pared to 59.4% in the atorvastatin group.
oa " .- ? § 35 Of the 76 patients, 15 experienced at least one
E E g ;r £ & £ adverse event (AE). In total, thgre were 29 /3Es,
g o T 2E 538 classified as non-serious (20 mild and 9 mo er;
: = A —g g —5 —5 E ‘§ ate): 13 in the fixed-dose combination tr'eatmen
3 E g : o —§ g 2 T g group (G_FDC) and 16 in the atorvastatin group
1l N g ’ 3 2 g T‘? (G_M). The most frequently affected system was
§ ED éﬂ > %‘ §‘ :‘* % § the nervous system, with 12 AEs (four 11111 EEFV?;;
g % j E= & @ 25 and eight in G_M). The most cornmo11 s
e g 3 < | R g : 25 %? headache, with four cases in G_M, followe Dy
JE E 2R yEEEE S paresthesia, with three in G_FDC and one in
[i‘“ § o\o E S oz o o * WS
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Fig. 1 Delta change in triglycerides at 2 and 4 months compared with baseline by treatment group follow-up (months)

G_M. No significant differences were observed
between groups. See Table 4.

As part of the study’s safety assessment, we
evaluated the primary biochemical markers that
have shown alterations associated with the use
of statins and fibrates, including ALT, AST, and
CPK. At the end of treatment, no clinically or
statistically significant increase was observed
in ALT [median change, G_FDC 0.5 (-8.2, 12.2)
vs. G_M 1.0 (-5.0, 4.0), p=0.714], AST [median
change, G_FDC 1.0 (-2.2, 11.2) vs. G_M 0.5
(-3.0, 2.7), p=0.217] or CPK [median change,
G_FDC 3.5 (-11.7, 23.0) vs. G_M 12.5 (-10.7,
12.2), p=0.447].

DISCUSSION

The analysis of the results from this confirma-
tory clinical study on the efficacy and safety of
the FDC of atorvastatin/fenofibrate (G_FDC) ver-
sus atorvastatin (G_M) provides solid scientific
evidence of the advantages of using a combi-
nation therapy in T2DM. The reduction in TG

(A of change) after 4 months for the atorvasta-
tin/fenofibrate group was —144.3 mg/dL, while
for the atorvastatin group it was —-64.0 mg/dL
(p=0.006), with a percentage change of —-43.1 vs.
-22.8 (p=0.008), respectively. This outcome was
replicated in the predictive cardiovascular risk
indices (A of change) between the atorvastatin/
fenofibrate group of treatment and the atorv-
astatin group: in the TG/HDL index -3.9+4.6
vs. -1.5+2.9, (p=0.015), and in the TG/glucose
index -0.7+£0.5 vs. -0.3+0.4, (p=0.003). The
use of the atorvastatin/fenofibrate combination
demonstrated a favorable safety profile without
any increase in adverse events.

As previously described, T2DM is a meta-
bolic disorder that frequently predisposes indi-
viduals to cardiovascular diseases (CVD), with
lipid abnormalities being a common condition
[6]. According to Hirano’s publication on the
pathophysiology of dyslipidemia in patients
with diabetes, also referred to as “diabetic dys-
lipidemia,” it is associated with an atherogenic
lipid profile (hypertriglyceridemia, normal or
slightly elevated LDL-C but with an increase in
small dense LDL, reduced HDL-C and elevated

A\ Adis



307

yuesyrudis go0 > ¢

sdnoi3 uneIsEAIOIE PUE 2ILIQIJOUDJ/UNLISEAIONE 32 Y104 JOJ IISIA (IUOW-{ Y2 1€ J[E[IEAE 10U dIam siuaned 1oy 10y eaep a[yoxd pidry,
1591 pazenbs-1yd ‘ueIydo)) 9derussiod pue Louanbaiy se parussord ore sonjep

1591 pazenbs-Tyd TewaNPIA “@8eauadiod pue Louanboig st parussoxd ore sonfep q

suostredwod sfdnnuw 103 ruoriojuog £q passnipe “YAQNY PUE ‘UOLIEIAID pIepuels pue Ueaw st paiuasaid a1e sonfep ,

[o1masa[0y urmroxdodiy Laisusp-ySry H-7qH

0800 STO0 (LST1).T€30s €800  (€8)9¢joc  (0)9€3°0 €000 (0°0€).0€F°6 S000 (9L1).F€309  (0)¥€I00 siurod ¢'g >
€000 2000 ¥0FE€0— 1000 Y0FT0- - 1000 COFLO0- 10070 90FS0— - s8ueyd v
XopUI
$S1°0 20070 90FI'6 €000 90F06  H0FE6 1000 90F88 1000 LOFO6  S0F96 2503013 /59p11234 3],
€9%0 %000 (€%€).T€IOTT 1000 (€€€)9€IOTT (LT)9IEIOT $000 (99€).0€30 IT 1000 (T8E) HEJOET (9°S) ¥€J0 T syurod ¢ >
S100 6200 6TFST— €090 89FS0- - 1000 9¥F6E— 1000 6y FgE— - ABueyd y
L9T0 6200 YEF8Y €090 ILFLS  0EFE9 1000 07ZF6€ 1000 6TFIY  O0SFEL  qXPul TAH/SPHadA[Suy,
d sypuowr § d sypuowr g eseq d sypuowr § d sypuowr g eseq
+m Sw (7 unesearory Sur g9 eIqyoudy /8wt o7 uneasearory S[qerrep

Cardiol Ther (2025) 14:297-314

dno13 yuowrean q Y[SII Te[NOSLAOTPIED JO SITPUT PATIDIPII] € IqE],

A\ Adis




308 Cardiol Ther (2025) 14:297-314

Table 4 Adverse events classified by the organ-class system according to the treatment under study

Adpverse events by SOC Total 70 patients Atorvastatin/fenofibrate =34 Atorvasta-

patients tin 2 =36
patients

Vascular 1 1

Ecchymosis 1 1

Gastrointestinal 7 4 3

Dyspepsia 1 1

Abdominal distension 1 1

Abdominal pain 1 1

Upper abdominal pain 1 1

Constipation 1 1

Nausea 1 1

Vomiting 1 1

Nervous system 12 4 8

Headache 4 4

Dysesthesia 1 1

Insomnia 1 1

Dizziness 2 1 1

Myalgia 1 1

Paresthesia 3 1 2

General symptoms 1 1

Fatigue 1 1

Musculoskeletal and connective tissue 8 3 5

Muscle contracture 1 1

Back pain 3 1 2

Musculoskeletal chest pain 1 1

Spasms 1 1

Myalgia 2 1 1

Total adverse events 29 13 16

Chi-squared, p > 0.05, in all comparisons

non-HDL cholesterol) that increases the risk of coronary artery disease, and congestive heart
cardiovascular disease [21]. Moreover, this con- failure, which are the leading causes of death in
dition is associated with cardiovascular diseases these patients [22].

such as stroke, acute myocardial infarction,
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In our study, as part of the inclusion crite-
ria for patients, the presence of parameters
including total cholesterol, LDL-C, non-HDL
cholesterol, and TG above the normal range
were included. These were measured at the end
of the treatment to evaluate the efficacy of the
FDC therapy in comparison with baseline meas-
urements, as reported in several clinical stud-
ies. Accordingly, our results showed an overall
improvement in the lipid profile of patients
treated with the atorvastatin/fenofibrate com-
bination throughout the follow-up, with reduc-
tions in parameters such as TG, LDL-C, total
cholesterol, and non-HDL cholesterol. All final
parameter results were compared with baseline
measurements within the group and were found
to be both clinically and statistically significant.

The findings in this study align with those
reported in the literature. The use of the com-
bination of both drugs has proven effective
in improving the lipid profile in patients with
T2DM and dyslipidemia. Additionally, the supe-
riority of atorvastatin/fenofibrate FDC compared
to monotherapy has been proposed [20, 23-25].

Lella et al. [20] conducted a prospective,
open-label clinical trial in patients with T2DM
and hyperlipidemia (total cholesterol>200 mg/
dL, TG>150 mg/dL, LDL-C>100 mg/dL, and
HDL-C<40 mg/dL). In this study, the atorvasta-
tin 40 mg and fenofibrate 145 mg CDF was com-
pared with atorvastatin 40 mg over 12 weeks in
60 patients, assessing its effects on lipid profiles.
After 12 weeks, the reduction in total choles-
terol, TG, and very low-density lipoprotein
(VLDL) cholesterol was greater in the atorvasta-
tin/fenofibrate group than in the atorvastatin-
only group.

In another study conducted by Davidson et al.
[25], a multicenter, double-blind, randomized,
parallel-group phase Ila clinical trial was con-
ducted in 220 patients with dyslipidemia (non-
HDL cholesterol>130 mg/dL and TG>150
but<500 mg/dL). The atorvastatin 40 mg and
fenofibrate 100 mg FDC was evaluated against
atorvastatin 40 mg or fenofibrate 145 mg for
12 weeks. The primary efficacy endpoints were
the mean percentage changes from baseline
to week 12 in non-HDL cholesterol, HDL, and
TG, concluding that patients treated with the
CDF showed improvements in HDL cholesterol

and TG levels. As described above, the results
are consistent with those obtained in our study,
emphasizing that the evidence in the literature
supports the value of the FDC atorvastatin/
tenofibrate in improving the lipid profile not
only of patients with T2DM and mixed dys-
lipidemia but also of those with isolated lipid
abnormalities.

Additionally, it is important to mention
that various clinical studies have reported that
hypolipidemic therapy plays a key role in reduc-
ing mortality in these patients, where statins are
the most commonly used drugs to lower LDL-C
and cardiovascular risk. However, in diabetic
dyslipidemia, residual risk is associated with
elevated TG levels and low HDL-C levels, which
is why additional hypolipidemic therapies, such
as fibrates, are required for more significant car-
diovascular risk reduction [26].

Based on the relevance of hypolipidemic ther-
apy and the importance of using additional ther-
apies, this study also evaluated the TG/glucose
and TG/HDL indices, showing the advantage of
FDC atorvastatin/fenofibrate at 2 and 4 months
of follow-up. These reductions in the indices
indicate an improvement in insulin resistance
and, consequently, a potential decrease in car-
diovascular risk [7, 27, 28].

Specifically, in the case of patients with T2DM,
several investigations including the FIELD
(Fenofibrate Intervention and Event Lowering
in Diabetes) [24] study and the ACCORD (Action
to Control Cardiovascular Risk in Diabetes) [23]
study have evaluated the effect of therapy with
fibrates, statins, or their combination on various
biochemical markers and cardiovascular disease,
demonstrating a substantial improvement in the
lipid profile. In the long-term follow-up study
ACCORDION, where patients from the ACCORD
study were followed, a reduction in all-cause
mortality was observed in the group treated with
fenofibrate + statins [hazard ratio (HR): 0.68; 95%
CI: 0.52-0.88], supporting the use of fibrates as
complementary therapy to statins in reducing
cardiovascular risk in patients with diabetes and
dyslipidemia [29, 30].

Recent epidemiological studies have primar-
ily highlighted the positive effects and clinical
benefits of statin/fenofibrate therapy in patients
with T2DM.
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Hong et al. [31] conducted a nationwide
propensity-score-matched cohort study investi-
gating the effects of fenofibrate combined with
statin therapy on all-cause mortality and ath-
erosclerotic cardiovascular disease (ASCVD) in
110,723 patients with diabetes, triglyceride (TG)
levels>150 mg/dL, and no prior ASCVD diagno-
sis. Patients using statins plus fenofibrate were
matched 1:1 with those using statins alone. Over
a mean follow-up of 4.03 years, the fenofibrate/
statin group showed significantly lower risk of
all-cause mortality (HR 0.71; 95% CI 0.68-0.74)
and ASCVD events (HR 0.89; 95% CI 0.85-0.93),
including myocardial infarction (HR 0.878; 95%
CI 0.827-0.933) and stroke (HR 0.901; 95% CI
0.848-0.957), compared with the control group.
These benefits were consistent in patients with
TG levels between 150 and 199 mg/dL and par-
ticularly in those with elevated LDL-C.

Ku et al. [32] performed a nationwide popula-
tion-based retrospective observational study to
evaluate the preventive effects of fenofibrate on
lower extremity amputation (LEA) and periph-
eral arterial disease (PAD) in patients with
T2DM. Using data from the Korean National
Health Insurance Service Database (2009-2012),
22,984 statin/fenofibrate users were matched 1:4
with 91,936 statin users. Over a median follow-
up of 7.6 years, statin/fenofibrate use was asso-
ciated with significantly lower risk of LEA and
PAD (HR 0.81; 95% CI 0.70-0.94), LEA alone
(HR 0.76; 95% CI 0.60-0.96), and PAD alone
(HR 0.81; 95% CI 0.68-0.96). No significant
differences were observed in safety outcomes,
including acute kidney injury and rhabdomy-
olysis. The benefits remained consistent across
age, gender, and lipid profiles.

Concerning the safety profile of the atorvasta-
tin/fenofibrate combination, our study demon-
strated no difference against atorvastatin mono-
therapy; most of the adverse events were mild
and moderate, with no severe adverse events
reported. This is consistent with the safety data
reported in the aforementioned studies [20, 25,
33], confirming that the safety profile of the
combination is favorable.

Furthermore, it is important to highlight
that the treatment evaluated in this study is
supported by previous publications in various
guidelines and expert consensus on managing

dyslipidemias. The American Association of
Clinical Endocrinologists (AACE) and the Ameri-
can College of Endocrinology (ACE) recommend
statins as the first-line treatment for lowering
cholesterol and advocate for combination ther-
apy with other agents, such as fibrates, particu-
larly due to their triglyceride-lowering effects
[11]. Similarly, the European Society of Cardi-
ology (ESC) and the European Atherosclerosis
Society’s Guidelines for the management of dys-
lipidaemias: Lipid Modification to Reduce Cardio-
vascular Risk emphasize statin therapy and rec-
ommend adding another lipid-modifying agent,
such as fibrates, for patients who are intolerant
to statins or who fail to therapeutic goals with
statin monotherapy, especially when dyslipi-
demia is characterized by elevated TG levels [9].

In addition to the widely studied efficacy of
the combination therapy, the cost-benefit of
these drugs in treating dyslipidemia and pre-
venting vascular disease has also been evaluated.
According to the AACE guidelines for managing
dyslipidemia and preventing cardiovascular risk,
[34] non-pharmacological interventions are the
most cost-effective options for preventing cardi-
ovascular disease. Unfortunately, in many cases,
they fail, and pharmacological intervention is
the most recommended option, especially for
individuals with moderate to high cardiovascu-
lar risk. Among pharmacological interventions,
statins have been shown to be cost-effective in
preventing primary and secondary cardiovascu-
lar events in individuals with moderate to high
risk, and fibrate therapy has also been reported
as cost-effective as monotherapy and in com-
bination therapy to reduce TG and increase
HDL-C [34].

Finally, as discussed earlier, treatment adher-
ence is crucial for achieving therapeutic goals.
FDC combinations have the benefit of simpli-
fying drug regimens and the advantages of its
combined effects. The preference for these com-
binations over separate drugs is because FDC
therapies with complementary mechanisms
of action provide the opportunity to achieve
better control with higher patient adherence
and a positive safety profile [35]. The two com-
pounds have different mechanisms of action,
so the pharmacological effect is additive, which
represents a benefit for these patients, where
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therapeutic goals are often not reached with
monotherapy, requiring combination therapy.

All of this demonstrates that the atorvasta-
tin/fenofibrate combination is safe and effective
for managing mixed dyslipidemia. This find-
ing is also consistent with reports from various
international guidelines and authors regarding
the management of such patients. It is worth
mentioning that this combination also has the
potential to slow the progression of vascular dis-
ease, reduce the risk of complications, and offer
cost savings compared to using the individual
components separately. Ultimately, it may also
help decrease polypharmacy.

Although the present study evaluates the effi-
cacy and safety of atorvastatin/fenofibrate, it has
certain limitations. One notable limitation is the
lack of analysis of specific biomarkers for assess-
ing cardiovascular risk (ApoB, remnant choles-
terol, small, dense LDL particles), which could
have provided deeper insights into the clinical
benefits of the investigational products. Addi-
tionally, the small sample size limits the gener-
alizability of the findings, preventing the results
from being fully extrapolated to the broader
population. Finally, to assess the long-term clini-
cal benefits, it would be valuable to conduct a
follow-up over time of patients undergoing the
combination therapy.

CONCLUSIONS

The results of this confirmatory phase IIIb clini-
cal trial on efficacy and safety demonstrate the
therapeutic value of an FDC product of atorvas-
tatin/fenofibrate (20/160 mg).

The efficacy variables evaluated were TG, LDL-
C, total cholesterol, non-HDL cholesterol, ath-
erogenic index, and TG/glucose index. A clini-
cally significant improvement was observed in
the group treated with the FDC of atorvastatin/
fenofibrate throughout the follow-ups, which
was superior to the group receiving atorvastatin
monotherapy. Regarding safety, the treatment
was well tolerated and demonstrated a favorable
safety profile.

Therefore, it is concluded that the fixed-dose
combination of atorvastatin/fenofibrate is safe
and effective for the treatment of mixed dyslip-
idemia (hypertriglyceridemia and hypercholes-
terolemia) in adult patients with type 2 diabetes
mellitus. It is also possible that this treatment is
effective and safe in patients with mixed dyslipi-
demia without T2DM.
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