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Introduction

Mixed or combined dyslipidemia is described by elevated 
levels of  triglycerides (TG) and reduced high‑density 
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lipoprotein cholesterol (HDL‑C), with or without elevated 
levels of  low‑density lipoprotein cholesterol (LDL‑C). Mixed 
dyslipidemia is typically linked with an increase of  small, dense 
LDL particles, and an elevated apolipoprotein B. All these 
changes predispose to an increased risk of  cardiovascular 
disease.[1] Mixed dyslipidemia is the most frequent lipid 
disorder found in patients with type 2 diabetes.[2]
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Initial treatment options for mixed dyslipidemia include 
lifestyle modification and statin therapy. Nevertheless, 
statin monotherapy is often insufficient to normalize 
multiple lipid parameters.[3] The HDL‑C and TG levels 
are strong predictor of  cardiovascular risk even in patients 
treated with a statin and has achieved an optimum LDL‑C 
levels.[4,5] The addition of  fibrates to statin therapy offers 
the prospective for overall lipid control in patients with 
mixed dyslipidemia. Several results of  short‑term studies 
in various patient populations support this hypothesis.[6‑9]

Fenofibrate, which belongs to the class of  fibrates, has a 
comparatively low potential for pharmacokinetic interaction 
as well as lower rates of  rhabdomyolysis with statins when 
compared to gemfibrozil.[10] Choline fenofibrate is a newly 
developed choline salt of  fenofibric acid and is more 
hydrophilic than fenofibrate. It does not require first pass 
hepatic metabolism to become active, as it dissociates to 
free fenofibric acid within the gastrointestinal tract and 
rapidly absorbed throughout the gastrointestinal tract.[11] 
Of  the various fenofibrate formulations available, choline 
fenofibrate is the only formulation of  fenofibrate which 
is approved by the US FDA for co‑administration with 
statins.[12] However, there is no Indian data available for 
efficacy and safety of  choline fenofibrate in patients of  
mixed dyslipidemia. Hence, this study was planned to 
evaluate the efficacy and safety of  choline fenofibrate 
in comparison to micronized fenofibrate among Indian 
patients of  mixed dyslipidemia stabilized on statin therapy.

Methods

Patients and study sites
Patients with mixed dyslipidemia of  either gender, aged 
18–70 years having serum TG levels between 150 and 
500 mg/dl who were prescribed statin in stable dose 
for the preceding 8 weeks were enrolled in the study. 
The primary exclusion criteria included patients with 
serum LDL‑C >160 mg/dl; type 1 diabetes mellitus, 
thyroid dysfunction, active liver disease, patients with 
renal dysfunction (serum creatinine more than 1.5 times 
upper normal limit).

The study was carried out at around 10 centers spread all 
across the country. The study was conducted according 
to the protocol and in accordance with the ethical 
guidelines by Indian Council of  Medical Research. The 
study was conducted at each trial site after receiving 
approvals from respective Institutional/Independent 
Ethics Committee and Drug Controller General of  India. 
The study was registered in the clinical trial registry ‑ India 
(CTRI/2010/091/006086).

Treatment groups and study design
The study design was multicenter, open‑label, randomized, 
active controlled, comparative, and parallel group. Patients 
meeting eligibility criteria were enrolled in the study and 
randomized in 1:1 ratio to receive either choline fenofibrate 
delayed release 135 mg or micronized fenofibrate 160 mg 
as per computer generated randomization sheet.

There were total six study visits: Screening visit (day − 7–0), 
enrollment visit (day 1), follow‑up visit 1 (day 15), follow‑up 
visit 2 (day 29), follow‑up visit 3 (day 57), and end of  study 
visit (day 85). Enrolled patients were provided allocated 
study medications for 3 months, and they were evaluated 
during the study period at the end of  2 weeks, 4 weeks, 8 
weeks, and 12 weeks for safety and efficacy evaluation. Lipid 
profile and creatinine phosphokinase (CPK) were repeated 
at the end of  4 weeks, 8 weeks, and 12 weeks. Laboratory 
investigations, performed at the time of  screening were 
repeated at the end of  the study.

Primary and secondary end points
The primary endpoint was percentage change in serum 
TG levels at the end of  treatment (12 weeks) from baseline 
between two arms. The secondary efficacy endpoint was 
percentage change in serum HDL‑C levels at the end of  
treatment from baseline. Change in other lipid parameters 
was also assessed. The following safety parameters were 
also evaluated: Any adverse events that were reported 
voluntarily observed and enquired during the study; any 
clinically significant change in the value of  laboratory 
results, vital signs, and physical examination during the 
study compared to baseline.

Sample size determination and statistical methods
Considering the standard deviation of  78 with a power of  
80%, approximately 100 patients per group were required 
to detect a difference of  around 31. Considering 12 weeks 
duration of  study and dropout rate, it was planned to 
enroll 240 patients at the beginning of  the study to have 
data of  200 evaluable patients. The level of  significance 
was 5% for the study.

Evaluation of  efficacy and safety was done on the intention 
to treat population, which consisted of  all randomized 
patients who completed at least one follow‑up visit as per 
protocol. Mean percent change in TG and HDL‑C levels 
at the end of  treatment from baseline was statistically 
evaluated within the group and between the groups 
by Student’s t‑test. Within group and between‑group 
comparisons for laboratory results were analyzed using 
χ2 test or Fisher’s exact test. The level of  significance 
was 5%.
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Results

A total of  420 patients were screened across all the sites. Of  
these 226 patients were enrolled in the study ‑ 116 patients 
were administered choline fenofibrate 135 mg, and 110 
were administered micronized fenofibrate 160 mg. Of  
these 226 enrolled patients, 201 patients who completed 
at least 1 month follow‑up were included for intention to 
treat principle analysis (105 patients in choline fenofibrate 
group and 96 patients in micronized fenofibrate group). 
Number of  patients lost to follow‑up immediately after 
randomization and not completed even the second 
follow‑up visit on day 28 was 25. One patient did not take 
the medication regularly as per protocol, and hence data 
were not used for analysis.

Baseline characteristics
Patients from both groups had matching baseline 
characteristics in terms of  age, gender, weight, and body 
mass index [Table 1].

Primary endpoint
There was a significant reduction in serum TG levels at 
the end of  12 weeks study period in both groups with 
respect to baseline value. Serum TG level was reduced 
by approximately 34.24% in choline fenofibrate group as 
compared to 38.13% reduction in micronized fenofibrate 
group at the end of  12 weeks. However, the difference 
between the group was not statistically significant 
(P = 0.471). With both investigational products, a large 
percentage of  reduction was evident at 4 weeks after 
initiation of  therapy. This reduction was sustained or 
increased at the end of  12 weeks in both treatment groups 
[Figure 1].

Secondary endpoints
There was a significant increase in serum HDL‑C levels 
at the end of  4 weeks in both the groups as compared to 
their baseline values. Serum HDL‑C level was increased by 
approximately 10% in choline fenofibrate group as compared 
to 9% increase in micronized fenofibrate group at the end 

of  4 weeks. However, the difference between the group was 
not statistically significant (P = 0.598) [Figure 2]. Increase in 
serum HDL‑C level was faster in choline fenofibrate group 
as compared to slower increase in micronized fenofibrate 
group. The increase in serum HDL‑C level was maintained 
until the end of  the study period [Figure 2]. Significant 
reduction in total cholesterol and VLDL-C from baseline 
was also observed in both the groups [Table 2].

Safety
Choline fenofibrate, as well as micronized fenofibrate, 
were well tolerated. Most commonly reported adverse 
events during the conduct of  study were constipation 
and headache [Table 3]. One patient in micronized 
fenofibrate group developed leg pain and slight elevation 
of  CPK levels. Considering the safety of  the subject, 
further treatment was discontinued, and the adverse 
event was resolved. All adverse events were mild in 
nature and resolved with the continuation of  treatment. 
No serious or life‑threatening adverse event reported 
during the conduct of  the study. No clinical significant 
abnormality was reported in any of  the laboratory 
investigations done. None of  the patients had liver 
enzymes elevation ≥3 times of  upper limit of  normal 
(ULN). Elevation of  CPK (≥10 times ULN) was not 
reported in any of  the patients.

Discussion

High serum TG, low HDL‑C levels, and often 
nonoptimal serum LDL‑C levels are the hallmarks of  
mixed dyslipidemia.[3] The presence of  high TG and low 
HDL‑C levels are independently associated with increased 
coronary heart disease risk.[13,14] When compared with 
elevated LDL‑C alone, the combination of  high TG and/
or low HDL‑C in addition to suboptimal LDL‑C poses a 
significantly higher risk for cardiovascular events.[15]

Fenofibrate is a prodrug and undergoes rapid hydrolysis 
at the ester bond to form fenofibric acid, which is the 

Table 1: Baseline characteristics
Parameter Choline 

fenofibrate (n=105)
Micronized 

fenofibrate (n=96)
Age (years) (mean±SD) 51.30±10.155 51.88±9.84
Male (%) 61 (58.10) 58 (60.42)
Female (%) 44 (41.90) 38 (39.58)
Weight in kg (mean±SD) 70.44±12.44 68.95±10.66
BMI in kg/m2 (mean±SD) 27.22±4.82 26.90±3.63
Concomitant illness, n (%)

Hypertension 31 (29.52) 27 (28.13)
Diabetes mellitus 39 (37.14) 37 (38.54)
Other illness 51 (48.57) 49 (51.04)

SD: Standard deviation
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Figure 1: Change in serum triglyceride level in both study groups
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active metabolite.[16] Fenofibrate is a neutral, lipophilic 
compound and is practically insoluble in water; which 
makes it difficult to consistently attain therapeutic 
levels. Novel fenofibrate formulations were developed 
with different approaches to overcome the challenges 
with solubility.[17] Initially, micronized formulations 
that increased solubility by reducing particle size, and 
increasing surface area were introduced.[18] A formulation 
of  the active metabolite (fenofibric acid) with a choline 
salt form was developed resulting in a hydrophilic 
compound with the greatest bioavailability of  the 
available formulations.[12]

The results of  our study indicated that there was a significant 
reduction in the serum TG levels observed with 12 weeks 
treatment of  fenofibrate (34.24% in choline fenofibrate group 
vs. 38.13% in micronized fenofibrate group). There was also 
a significant increase in the serum HDL‑C levels observed 
with 12 weeks treatment of  fenofibrate (8.6% in choline 
fenofibrate group vs. 10.56% in micronized fenofibrate 
group). Results of  our study were similar to the pooled 
subgroup analysis of  three randomized controlled phase 

III clinical trials of  choline fenofibrate was.[19] In the pooled 
analysis, the addition of  fibrates to moderate dose of  statin 
yielded approximately 43% reduction in serum TG levels and 
16% increase in HDL‑C levels over a period of  12 weeks.

For patients with type 2 diabetes, statin monotherapy is 
recommended to achieve their LDL‑C goal. However, 
statin alone often does not normalize other lipid parameters 
in patients having mixed dyslipidemia. Recent retrospective 
analyses showed that in majority of  patients with mixed 
dyslipidemia on statin monotherapy have suboptimal serum 
levels of  LDL‑C, HDL‑C, and TG.[20‑22] In type 2 diabetes 
patients with dyslipidemia, a considerable residual risk 
persists even after statin therapy. In patients not achieving 
the target goals for lipid parameters, one of  the options is 
to increase statin dose, but increasing statin dose increases 
the risk of  side effects like myopathy. In such group of  
patients with below normal HDL‑C and TG levels, addition 
of  fibrates has been shown to provide additional benefit.[23] 
Other lipid parameters were also improved with use of  
both the drugs in the patients. Serum total cholesterol and 
very LDL‑C levels were also reduced with use of  both the 
drugs during the study period. The result of  our clinical 
study was comparable with previously reported results 
available in the literature.

Adverse effects involving skeletal muscle are associated 
with use of  statins. Concomitant use of  statins and fibrates 
is believed to further increase the incidence of  myalgia and 
muscle damage.[23] However, in our study concomitant use 
of  fibrate with statin was found to be safe, and no increased 
incidence of  muscle damage was reported. A meta‑analysis 
which included six clinical trials and 1628 subjects reported 
no cases of  myopathy or muscle damage but showed 
a significant increase in elevation of  liver enzymes in 
statin‑fibrate combination therapy when compared to 
statin monotherapy. The study concluded that statin‑fibrate 
combination therapy was well tolerated.[24]

All the reported adverse events were mild in nature. No 
hepatotoxicity was reported in any of  the patients treated. 
Except in a single case who complained of  myalgia in 
micronized fenofibrate group, all others tolerated it very 
well. In none of  the patients, clinically significant elevation 
of  liver enzymes or CPK was observed.

Table 2: Change in other lipid parameters from baseline
Choline fenofibrate Micronized fenofibrate

Baseline (mg/dl) 12 weeks (mg/dl) P Baseline (mg/dl) 12 weeks (mg/dl) P
Total cholesterol 191.41±38.79 173.89±35.96 <0.001 194.22±34.54 164.93±35.92 <0.001
LDL‑C 105.44±35.00 105.29±27.92 0.715 111.94±30.03 101.18±32.84 0.267
VLDL‑C 47.67±19.00 30.25±15.71 <0.001 46.31±21.77 29.41±16.76 <0.001

LDL‑C: Low‑density lipoprotein cholesterol, VLDL‑C: Very low‑density lipoprotein cholesterol; mg/dl: Milligram per deciliter

Table 3: Number of patients with adverse events
Adverse event Choline 

fenofibrate, n (%)
Micronized 

fenofibrate, n (%)
Constipation 5 (4.76) 2 (2.08)
Headache 3 (2.88) ‑
Common cold 2 (1.90) 1 (1.04)
Burning micturition 1 (0.95) 1 (1.04)
Urinary tract infection 1 (0.95) ‑
Leg pain ‑ 1 (1.04)
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Figure 2: Change in serum high-density lipoprotein cholesterol levels in 
both study groups
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Conclusion

Overall, results of  the current study concluded that 135 mg 
of  choline fenofibrate is as safe and effective as 160 mg 
of  micronized fenofibrate in Indian patients with mixed 
dyslipidemia. Both study drugs, i.e., choline fenofibrate and 
micronized fenofibrate were well tolerated and resulted in 
more comprehensive improvement in the abnormal lipid 
profile.
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