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Abstract: Background: Pemafibrate is a novel selective peroxisome proliferator-activated receptor-
α modulator, which was demonstrated to reduce serum triglyceride level with few drug-related
adverse events in phase II and III clinical trials. However, its clinical implication in real-world
practice remains unknown. Triglyceride/HDL-cholesterol ratio is a surrogate of small dense LDL-
cholesterol, which is a newly proposed cardiovascular risk factor independent of LDL-cholesterol
levels. Methods: Consecutive patients who received pemafibrate between April 2020 and September
2021 and continued therapy for at least 3 months were included in this retrospective analysis.
The primary outcome was the trend in triglyceride/HDL-cholesterol ratio during the 3-month
treatment period. The change in cardiovascular event rate between the one-year pre-treatment
period and the on-treatment period was also analyzed. Results: A total of 19 patients (median
age 63 years, 74% men) were included and continued pemafibrate therapy for 3 months without
any drug-related adverse events. Sixteen were add-on and three were conversions from other
fibrates. Triglyceride/HDL-cholesterol ratio decreased significantly from 5.85 (4.19, 16.1) to 3.14 (2.39,
4.62) (p < 0.001). The cardiovascular event rate decreased significantly from 0.632 events/year to
0.080 events/year (p < 0.001). Conclusions: Pemafibrate therapy might have the potential to lower
triglyceride/HDL-cholesterol ratio and decrease cardiovascular events.

Keywords: dyslipidemia; cardiovascular disease; heart failure

1. Background

Low-density lipoprotein (LDL)-cholesterol-lowering therapy with statins can reduce
the risk of incident cardiovascular diseases considerably [1], whereas residual risk remains
specifically in patients with significant hypertriglyceridemia [2]. Fibrates, which activate
peroxisome proliferator-activated receptor alpha (PPARα), are commonly used to decrease
triglyceride levels [3], though they carry a risk of adverse side effects by way of drug inter-
actions. They can affect hepatic drug-metabolizing enzyme activity and alter metabolism
of statins [4]. Furthermore, triglyceride-lowering therapy with fibrates has not been shown
to offer considerable cardiovascular disease risk reduction in large randomized control [5].

Pemafibrate is a novel selective PPARα activator that was recently introduced with an
expected improvement in efficacy and safety compared with traditional fenofibrate in prior
cohort studies [6–12]. However, the clinical benefit of pemafibrate in real-world practice has
not yet been clarified well. In this study, we investigated the impact of pemafibrate therapy
on triglyceride/high-density lipoprotein (HDL)-cholesterol ratio, indicating the existence
of small dense LDL-cholesterol which is a recently introduced surrogate of cardiovascular
risk [13], as well as on changes in cardiovascular event rates following treatment in those
with hypertriglyceridemia.
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2. Methods
2.1. Patient Selection

Consecutive patients who were initiated on pemafibrate for the first time between
April 2020 and September 2021 and continued pemafibrate for at least 3 months to treat
hypertriglyceridemia were retrospectively included in this study. Some of them received
pemafibrate as a first fibrate and others received pemafibrate as conversion from other
fibrates. Those who received pemafibrate previously or those who initiated pemafibrate
before the study period were excluded. Written informed consents were obtained from all
participants before the listing. The institutional review board approved the study protocol
(R2015154, 11 April 2016).

2.2. Biomarker Measurement

Laboratory data including lipid parameters were assayed by standard laboratory
procedures. All serum and plasma samples were obtained just before the initiation of
pemafibrate as baseline data and 3 months later as follow-up data in a fasting condition
and frozen at −80 degrees immediately. We defined the change in triglyceride level relative
to HDL-cholesterol as the primary outcome. Triglyceride-rich lipoprotein-cholesterol was
calculated as follows: total cholesterol−(LDL-cholesterol and HDL-cholesterol) [14].

2.3. Other Clinical Data

Demographics, comorbidities, and medication data were obtained just before pemafi-
brate initiation as baseline characteristics. Cardiovascular events including heart failure,
stroke, and ischemic heart disease were counted during the one-year pre-treatment period
and during the pemafibrate treatment period. The change in cardiovascular event rate
stratified by time of pemafibrate initiation was defined as the secondary outcome.

2.4. Statistical Analysis

Continuous variables are presented as median (lower quartile, higher quartile) irrespec-
tive of their distribution. Categorical variables are presented as numbers and percentages.
The trend in continuous variables was assessed by Wilcoxon signed-rank test. Event rates
were compared between the pre-treatment period and the treatment period by negative
binomial regression analysis. A value of p < 0.05 was considered statistically significant.
Statistical analyses were performed using SPSS Statistics 23 (SPSS Inc., Armonk, IL, USA).

3. Results
3.1. Baseline Characteristics

A total of 19 patients were included. Median age was 63 (54, 67) years old and
74% were men (Table 1). Thirteen patients had hypertension and twelve had diabetes
mellitus. All patients had dyslipidemia and continued pemafibrate therapy for over
3 months (median 290 (100, 365) days) without any drug-related adverse events including
rhabdomyolysis, acute kidney injury, hepatic injury, and worsening of diabetes mellitus.
The doses of pemafibrate remained unchanged during the observational period. Other
anti-dyslipidemia agents were not changed during the observational period.

3.2. Trends in Triglyceride/HDL-Cholesterol Ratio (Primary Endpoint)

Following 3-month pemafibrate therapy, triglyceride level decreased from 304 (197,
589) mg/dL to 156 (117, 2154) mg/dL (p < 0.001; Table 2). HDL-cholesterol significantly
increased from 46 (36, 49) mg/dL to 49 (41, 55) mg/dL (p = 0.001). Triglyceride/HDL-
cholesterol ratio decreased from 5.85 (4.19, 16.1) to 3.14 (2.39, 4.62) (p < 0.001; Figure 1).
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Table 1. Baseline characteristics.

Total
(N = 19)

Pemafibrate Alone
(N = 10)

Combination with
other Agents (N = 9) p Value

Demographics
Age, years 63 (54, 67) 61 (40, 64) 61 (54, 72)
Men 14 (74%) 7 (70%) 7 (78%) 0.73
Body mass index, kg/m2 23.2 (21.1, 25.7) 23.1 (20.9, 24.5) 23.3 (21.1, 25.3) 0.36

Comorbidity
Hypertension 13 (68%) 6 (60%) 7 (78%) 0.41
Dyslipidemia 19 (100%) 10 (100%) 9 (100%) 1
Diabetes mellitus 12 (63%) 5 (50%) 7 (78%) 0.21
Atrial fibrillation 9 (47%) 5 (50%) 4 (44%) 0.81

Fibrate use
As a first fibrate 16 (74%) 7 (70%) 9 (100%) 0.073
As a conversion from other fibrates 3 (16%) 3 (30%) 0 (0%) 0.073

Continuous variables are presented as median (lower quartile, higher quartile). Categorical variables are presented
as numbers and percentages.

Table 2. Trends in laboratory data.

Baseline 3 Months p Value

Lipid parameters
Triglyceride, mg/dL 304 (197, 589) 156 (117, 254) <0.001 *
LDL-cholesterol, mg/dL 107 (75, 127) 97 (79, 141) 0.39
HDL-cholesterol, mg/dL 46 (36, 49) 49 (41, 55) 0.001 *
Triglyceride-rich lipoprotein-cholesterol, mg/dL 61 (39, 73) 25 (21, 41) <0.001 *
Total cholesterol, mg/dL 212 (164, 220) 187 (151, 211) 0.016 *

Other laboratory data
Hemoglobin, g/dL 14.5 (12.6, 16.0) 13.7 (12.7, 15.2) 0.1
Estimated glomerular filtration ratio, mL/min/1.73 m2 67.1 (38.9, 74.5) 64.7 (36.1, 81.6) 0.64
Plasma B-type natriuretic peptide, pg/mL 73 (65, 89) 43 (34, 44) 0.11
Serum C-reactive protein, mg/dL 0.26 (0.11, 0.29) 0.21 (0.08, 0.25) 0.076
Urine protein, g/g creatinine 0.03 (0.00, 0.48) 0.00 (0.00, 0.21) 0.021 *

LDL, low-density lipoprotein; HDL, high-density lipoprotein. Continuous variables are presented as median and
interquartile and compared between the two groups using Wilcoxon signed-rank test. * p <0.05.
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Figure 1. Triglyceride/HDL-cholesterol ratio at baseline and 3 months following the initiation of
pemafibrate. * p < 0.05 by Wilcoxon signed-rank test.

Sixteen patients received pemafibrate as a first pemafibrate and the other three received
pemafibrate as a conversion from other fibrates. The triglyceride/HDL-cholesterol ratio
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decreased significantly irrespective of the conversion from other fibrates (p < 0.05 for both;
Figure 2A).
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Figure 2. Triglyceride/HDL-cholesterol ratio at baseline and 3 months following the initiation of
pemafibrate stratified by the types of pemafibrate use (as a first pemafibrate and conversion from
other fibrates) (A) and the existence of concomitant lipid-lowering medications (B) * p < 0.05 by
Wilcoxon signed-rank test.

Ten patients did not receive any other anti-dyslipidemia agents except for pemafi-
brate, and the other nine received other dyslipidemia therapies including statins. There
were no statistically significant differences in baseline characteristics between the two
groups (p > 0.05 for all; Table 1). Triglyceride/HDL-cholesterol ratio decreased significantly
irrespective of the concomitant use of other dyslipidemia therapies (p < 0.05 for both;
Figure 2B).

Twelve patients had diabetes mellitus. The baseline triglyceride/HDL-cholesterol ratio
was statistically not different between those with and without diabetes mellitus (p = 0.26).
Following pemafibrate therapy, the ratio decreased significantly irrespective of the existence
of diabetes mellitus (p < 0.05 for both).

3.3. Trends in Other Laboratory Data

Hemoglobin, estimated glomerular filtration ratio, and plasma B-type natriuretic
peptide levels remained unchanged during the 3-month pemafibrate therapy (p > 0.05 for
all; Table 2). Urine protein level decreased significantly from 0.03 (0.00, 0.48) g/g creatinine
to 0.00 (0.00, 0.21) g/g creatinine (p = 0.021).

3.4. Trends in Cardiovascular Event Rate

During the 1-year observational period before the administration of pemafibrate, there
were 12 cardiovascular events (7 worsening heart failure events, 3 unstable ischemic heart
disease events, and 2 acute kidney injury events). During the pemafibrate therapy (median
290 (100, 365) days), one cardiovascular event (worsening heart failure) was observed.
Event rates decreased from 0.632 events per year to 0.080 events per year (incidence rate
ratio 0.057, 95% confidence interval 0.049–0.067, p < 0.001; Figure 3).
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4. Discussion

In this retrospective study, we investigated the efficacy of pemafibrate therapy in
real-world clinical practice in patients with a variety of comorbidities. (1) Three-month
pemafibrate therapy decreased triglyceride/HDL-cholesterol ratio significantly. (2) Urine
protein level decreased following the 3-month pemafibrate therapy. (3) The cardiovascular
event rate was lower during the pemafibrate therapy compared to the pre-treatment period.

Pemafibrate may be a superior alternative to conventional fibrates, including fenofi-
brate, in improving hypertriglyceridemia, maintaining relatively lower drug-related ad-
verse event rates [15]. The safety and efficacy of pemafibrate were demonstrated in large-
scale studies with carefully selected cohorts (randomized control trials and observation
studies) including those with diabetes mellitus and chronic kidney disease [6–12]. In the
phase III trial, pemafibrate 0.1 mg/day, 0.2 mg/day, and 0.4 mg/day were superior to
fenofibrate 200 mg/day in adverse events and adverse drug reactions.

We validated the efficacy and safety of pemafibrate therapy in our real-world clinical
practice in patients with a variety of comorbid conditions. All patients who received pe-
mafibrate were included without any strict restrictions. All patients continued pemafibrate
therapy without drug-related adverse events that required drug termination.

We focused on the impact of pemafibrate on triglyceride/HDL-cholesterol ratio, in-
stead of triglyceride alone. The triglyceride/HDL-cholesterol ratio is a recently-introduced
surrogate of small dense LDL-cholesterol [13], which is not measured routinely in clinical
care. Small dense LDL-cholesterol is vulnerable to oxidative stress and as a result highly
atherogenic [16]. Additionally, the presence of small dense LDL-cholesterol is indepen-
dently associated with an increased risk of adverse cardiovascular events independent of
LDL-cholesterol [17,18].

Although we did not measure small dense LDL-cholesterol directly, three-month
pemafibrate therapy may decrease the burden of small dense LDL-cholesterol levels, irre-
spective of the concomitant lipid-lowering therapy or conversion from other fibrates.

Furthermore, we observed in this study that pemafibrate decreased triglyceride-rich
lipoprotein-cholesterol, which was very recently introduced and demonstrated to be associ-
ated with incremental cardiovascular risk [14].

We observed a decrease in urine protein levels following three months of pemafibrate
therapy. A few studies have investigated the impact of pemafibrate on renal function in
the clinical setting. In mice with diabetic nephropathy, pemafibrate therapy decreased
albuminuria via inhibition of renal lipid content and oxidative stress [19]. In another exper-
imental study using mice with fatty acid overload associated nephropathy, pemafibrate
therapy was associated with reno-protective effects via the activation and maintenance
of renal fatty acid metabolism [20]. Further studies including those with nephropathy



J. Clin. Med. 2022, 11, 2820 6 of 7

accompanying considerable proteinuria are warranted to investigate the reno-protective
impact of pemafibrate.

Understanding that the presence of small dense LDL-cholesterol increases cardio-
vascular risk independent of LDL-cholesterol level, it is reasonable to hypothesize that
pemafibrate would reduce cardiovascular events by lowering small dense LDL-cholesterol.
We observed a lower cardiovascular event rate during pemafibrate therapy compared to the
pre-treatment period (without pemafibrate). An ongoing PROMINENT study [21], which is
prospectively investigating the impact of pemafibrate therapy on reducing cardiovascular
events compared to placebo in patients with diabetes mellitus and hypertriglyceridemia,
will serve to test this hypothesis. Target thresholds of triglyceride, triglyceride/HDL-
cholesterol ratio, and small dense LDL-cholesterol, as well as triglyceride-rich lipoprotein-
cholesterol levels during pemafibrate therapy, remains an area of future investigation.

Our study was comprised of a small cohort size with short-term observational period.
Given the small sample size, we assumed all variables as non-parametric data irrespective
of their distribution. Non-significance in this study does not indicate similarity. This is
a proof-of-concept preliminary study, and further larger-scale studies are warranted to
validate and expand our findings, although it should take longer clinical experience of
pemafibrate therapy in real-world practice. We lack a control group and just compared
the clinical variables between baseline and 3 months later. The medications including
pemafibrate remained unchanged during the treatment period, but other confounders
might have affected the outcomes. Given the retrospective nature of this study and a lack
of control group, we observed just a potential association between pemafibrate therapy
and clinical variables, but cannot infer causality.

5. Conclusions

Pemafibrate therapy might be associated with a lower triglyceride/HDL-cholesterol
ratio and risk of incident cardiovascular events, although definite conclusions cannot be
derived from this small sample-sized study. Larger-scale longer-term studies are warranted
to validate and strengthen our findings. Of note, further trials are needed to better assess
the reduction in the degree of atherosclerosis, lipid parameters including small dense
LDL-cholesterol, and cardiovascular risk in patients receiving pemafibrate therapy.
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