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Background: Fibrates have renal toxicity limiting their use in subjects with chronic kidney disease (CKD). However, pemafibrate 
has fewer toxic effects on renal function. In the present analysis, we evaluated the effects of pemafibrate on the renal function of 
diabetic subjects with or without CKD in a real-world clinical setting.
Methods: We performed a sub-analysis of data collected during a multi-center, prospective, observational study of the effects of 
pemafibrate on lipid metabolism in subjects with type 2 diabetes mellitus complicated by hypertriglyceridemia (the PARM-T2D 
study). The participants were allocated to add pemafibrate to their existing regimen (ADD-ON), switch from their existing fibrate 
to pemafibrate (SWITCH), or continue conventional therapy (CTRL). The changes in estimated glomerular filtration rate (eGFR) 
over 52 weeks were compared among these groups as well as among subgroups created according to CKD status.
Results: Data for 520 participants (ADD-ON, n=166; SWITCH, n=96; CTRL, n=258) were analyzed. Of them, 56.7% had CKD. 
The eGFR increased only in the SWITCH group, and this trend was also present in the CKD subgroup (P<0.001). On the other 
hand, eGFR was not affected by switching in participants with severe renal dysfunction (G3b or G4) and/or macroalbuminuria. 
Multivariate analysis showed that being older and a switch from fenofibrate were associated with elevation in eGFR (both P<0.05).
Conclusion: A switch to pemafibrate may be associated with an elevation in eGFR, but to a lesser extent in patients with poor re-
nal function.
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INTRODUCTION

Long-term hyperglycemia associated with diabetes can lead to 
the development of micro- and macrovascular complications. Of 
these, people with diabetes and chronic kidney disease (CKD), 
defined by urinary albumin excretion and/or impaired renal 
function, is emerging as an important global public health prob-
lem. CKD develops in 30% to 40% of subjects with type 2 diabe-
tes mellitus (T2DM) [1,2], and accounts for a large proportion 

of cases of end-stage renal failure [3]. The impaired kidney func-
tion affects the ability of subjects to metabolize drugs. Therefore, 
pharmacological therapies in the absence of renal toxicity are 
needed.

Dyslipidemia is a common comorbidity in people with 
T2DM, and the use of fibrates, which ameliorate hypertriglyc-
eridemia and increase the circulating concentration of high-
density lipoprotein cholesterol (HDL-C), has been shown to 
reduce the progression of renal insufficiency [4]. However, the 
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use of conventional fibrates can lead to a worsening of renal 
function, limiting their use in subjects with CKD. Relevant to 
this, pemafibrate, a selective peroxisome proliferator-activated 
receptor (PPAR) α modulator that is principally metabolized 
by the liver, has recently become clinically available. In a previ-
ous phase III trial, renal side effects were less frequent in the 
pemafibrate group than in the fenofibrate group [5]. On the 
other hand, the increase in the number of patients with renal 
adverse events in the Pemafibrate to Reduce Cardiovascular 
Outcomes by Reducing Triglycerides in Patients with Diabetes 
(PROMINENT) trial was reported [6]. Thus, it is unclear wheth-
er pemafibrate is clinically useful in subjects with impaired re-
nal function and whether the addition of pemafibrate or switch-
ing to pemafibrate from a conventional fibrate is beneficial for 
renal outcomes. Therefore, in the present study, we focused to 
evaluate the effects of pemafibrate on renal function in diabetic 
subjects with or without CKD in a real-world clinical setting.

METHODS

Study design and participants
We performed a post hoc secondary analysis of data derived 
from a multi-center prospective observational study that com-
pared the efficacy and safety of pemafibrate with those of con-
ventional therapies in subjects with T2DM (the PARM-T2D 
study) [7]. The original study was conducted at nine special-
ized centers for the treatment of diabetes located in Hokkaido, 
Japan (the PARM-T2D study group) [7]. Briefly, 685 adults 
with T2DM and hypertriglyceridemia, including individuals 
on or not on a conventional fibrate, were enrolled. After pro-
viding their written informed consent, the participants were 
treated with pemafibrate 0.2 to 0.4 mg/day or continue con-
ventional therapy (CTRL) for hyperlipidemia. Fasting blood 
and urine samples were collected and physical assessments 
were performed at baseline, and then repeated after 12, 24, and 
52 weeks of the study.

For the present sub-analysis, participants without relevant 
renal functional nor urinalysis data were excluded. The remain-
ing participants were allocated to three groups: fibrate-naïve in-
dividuals who administered pemafibrate (ADD-ON), those 
who were switched from a conventional fibrate to pemafibrate 
(SWITCH), and those who CTRL. In addition, subgroups were 
created according to the presence or absence of CKD based on 
the definition of Kidney Disease: Improving Global Outcomes 
(KDIGO), accompanied by micro- or macroalbuminuria (uri-

nary albumin-to-creatinine ratio [UACR] ≥30 mg/gCr or pro-
teinuria) and/or an estimated glomerular filtration rate (eGFR) 
≤60 mL/min/1.73 m2 at baseline [8]. The eGFR was estimated 
based on serum creatinine levels, age and gender.

The PARM-T2D study was registered with the University 
Hospital Medical Information Network (UMIN) Center Clini-
cal Trials Registry (UMIN000037385). The protocol was ap-
proved by the Institutional Review Board of Hokkaido Univer-
sity Hospital Clinical Research and Medical Innovation Center 
(approval number 018-0440) and the study was performed in 
accordance with the principles of the Declaration of Helsinki 
and its amendments. All the patients provided their informed 
consent before participation.

Statistical analysis
Normally distributed continuous data are expressed as mean± 
standard deviation, non-normally distributed continuous data 
are expressed as median (interquartile range), and categorical 
data are expressed as number (%). Comparisons of two groups 
were made using the unpaired t-test or the Mann-Whitney U 
test for continuous variables, and the chi-square test or Fisher’s 
exact test for categorical variables. Comparisons among the 
three groups were made using analysis of variance (ANOVA), 
the Kruskal-Wallis test, or the chi-square test. Within-group 
comparisons were made using the paired t-test or the Wilcox-
on signed-rank test. Changes in variables from baseline are ex-
pressed as mean or median (95% confidence interval), and the 
groups were compared using the Kruskal-Wallis test, followed 
by Dunn’s post hoc analysis. Relationships between variables 
were evaluated using Pearson’s correlation analysis or Spear-
man’s rank correlation analysis. Multiple linear regression anal-
ysis was used to identify factors that were independently asso-
ciated with the outcomes. Data were analyzed using GraphPad 
Prism version 8.4.2 (GraphPad Software Inc., San Diego, CA, 
USA) or JMP Pro version 16.0.0 (SAS Inc., Cary, NC, USA).

RESULTS

A total of 685 participants were enrolled and 650 met the in-
clusion criteria for the PARM-T2D study. However, 102 were 
excluded for the reasons described previously [7]. From this 
original cohort, comprising 548 participants, those in the ab-
sence of renal function nor urinalysis data were excluded from 
the present sub-analysis. As a result, data from 262 participants 
in the pemafibrate group and 258 in the control group were 
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analyzed. Of the pemafibrate users, 166 were in the ADD-ON 
group and 96 were in the SWITCH group. The overall preva-
lence of CKD was 56.7% (Fig. 1). There were no significant dif-
ferences in the baseline characteristics or metabolic parameters 
of the three groups, except with respect to albuminuria catego-
ry A2 (Tables 1 and 2). In addition, the diabetes treatment regi-
mens were similar among the groups, except with respect to 
the use of thiazolidinediones. Notably, 29.1% of the CTRL 
group was being treated with a conventional fibrate (Supple-
mentary Table 1).

After 52 weeks of treatment, the eGFR had significantly in-
creased only in the SWITCH group. There was a significant de-
cline in eGFR in the ADD-ON group, but the difference from 
the CTRL group was not significant (Table 2, Fig. 2A). Similar 
results were obtained if comparing ADD-ON group with the 
CTRL group that did not receive fibrate treatment and SWITCH 
group with the CTRL group that continued to receive conven-
tional fibrate medication (Supplementary Tables 2 and 3). An 
increase in eGFR after the switch to pemafibrate also occurred 
in the CKD subgroup (Fig. 2B). A more detailed analysis of the 
SWITCH group showed that the effects of pemafibrate on kid-
ney function differed according to the baseline CKD status: 
eGFR elevated in participants with G1 and G2 (eGFR ≥60 mL/
min/1.73 m2) or G3a (45≤ eGFR <60 mL/min/1.73 m2), but not 

Fig. 1. Flow diagram for the study. Participants in the original 
cohort without renal function nor urinalysis data were exclud-
ed. The pemafibrate group comprised fibrate-naïve patients 
who started to take pemafibrate (the ADD-ON group) and 
those switched from another fibrate to pemafibrate when they 
had been on long-term fibrate therapy (the SWITCH group). 
The participants were then allocated to two subgroups: a chron-
ic kidney disease (CKD) subgroup, for those with chronic kid-
ney disease, and a non-CKD group. eGFR, estimated glomeru-
lar filtration rate.
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Table 1. Baseline clinical characteristics of the participants

Characteristic Pemafibrate add-on (n=166) Switch from other fibrates (n=96) Control (n=258) P value

Age, yr-old 60.6±13.4 59.3±10.8 61.1±11.5 0.285

Female sex 59 (35.5) 30 (31.3) 94 (36.4) 0.677

Duration for diabetes, yr

   <5 42 (25.3) 18 (18.8) 63 (24.4) 0.463

   5–15 64 (38.6) 46 (47.9) 110 (42.6) 0.332

   >15 60 (36.1) 32 (33.3) 85 (32.9) 0.795

eGFR categories

   G1 and G2 (60 mL/min/1.73 m2≤ eGFR) 112 (67.5) 62 (64.6) 169 (65.5) 0.881

   G3a (45≤ eGFR <60 mL/min/1.73 m2) 39 (23.5) 27 (28.1) 57 (22.1) 0.496

   G3b and G4 (eGFR <45 mL/min/1.73 m2) 15 (9.0) 7 (7.3) 32 (12.4) 0.324

Albuminuria categories

   A1 (UACR <30) 94 (56.6) 69 (71.9) 159 (61.6) 0.138

   A2 (30≤ UACR ≤300) 59 (35.5) 20 (20.8) 70 (27.1) 0.030

   A3 (300< UACR) 13 (7.8) 7 (7.2) 29 (11.2) 0.368

Values are presented as mean±standard deviation or number (%). P values were obtained using analysis of variance (ANOVA) or the chi-square 
test. 
eGFR, estimated glomerular filtration rate; UACR, urinary albumin-creatinine ratio.
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Table 2. Clinical parameters at baseline and the changes that occurred from baseline

Variable ADD-ON 
(n=166)

Mean change at 
52 weeks 
(95% CI)

SWITCH 
(n=96)

Mean change at 
52 weeks 
(95% CI)

Control 
(n=258)

Mean change at 
52 weeks 
(95% CI)

P value

eGFR, mL/ 
   min/1.73 m2

69.6±20.0 −1.7a 
(−3.2 to −0.2)

67.4±18.7 7.9c 
(5.8 to 10.1)

69.1±22.2 −0.7 
(−1.8 to 0.4)

<0.0001f 

BMI, kg/m2 27.7±4.4 −0.04 
(−0.18 to 0.09)

27.1±3.6 −0.22a 
(−0.41 to −0.03)

27.4±4.5 −0.10 
(−0.22 to 0.02)

0.3133

TC, mg/dL 187.4±35.8 −7.1c 
(−11.1 to −3.1)

180.0±26.7 −1.1 
(−5.1 to 2.9)

186.3±35.0 −2.0 
(−5.4 to 1.4)

0.0931 

TG, mg/dL    199 (155−273) −77c 
(−330 to 32)

   145 (120−191) −14c 
(−135 to 41)

176 (146−218) −9 
(−95 to 154)

<0.0001d

HDL-C, mg/dL 51.1±12.1 2.8c 
(1.4 to 4.1)

50.7±12.8 0.7 
(−1.3 to 2.7)

51.0±12.6 −0.5 
(−1.3 to 0.3)

0.0002d

FPG, mg/dL 141.6±39.0 −5.8a 
(−10.9 to −0.7)

132.4±22.7 2.9 
(−1.8 to 7.6)

138.0±33.4 1.2 
(−2.6 to 4.9)

0.0320e

HbA1c, % 7.2±0.9 0.05 
(−0.06 to 0.17)

7.1±0.7 0.12 
(−0.01 to 0.25)

7.2±0.8 0.01 
(−0.08 to 0.10)

0.4194 

AST, IU/L 25 (20−36) −2b 

(−24 to 18)
27 (21−38) −3c 

(−31 to 15)
24 (19−34) 0 

(−20 to 16)
<0.0001e

ALT, IU/L 32 (20−46) −7c 
(−42 to 12)

29 (19−42) −5c 
(−45 to 17)

28 (18−40) 0 
(−25 to 23)

<0.0001d,e

γ-GTP, IU/L 45 (25−76) −16c 
(−101 to 4)

34 (22−49) −3b 
(−48 to 21)

39 (24−58) −1 
(−39 to 31)

<0.0001d

UA, mg/dL 5.8±1.4 0.04 
(−0.11 to 0.19)

5.0±1.5 1.09c 
(0.87 to 1.32)

5.5±1.4 −0.03 
(−0.14 to 0.08)

<0.0001f

Values are presented as mean±standard deviation, median (interquartile range), or mean change (95% CI). P values were calculated using anal-
ysis of variance (ANOVA) or the Kruskal-Wallis test.
CI, confidence interval; eGFR, estimated glomerular filtration rate; BMI, body mass index; TC, total cholesterol; TG, triglyceride; HDL-C, high-
density lipoprotein cholesterol; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; γ-GTP, γ-glutamyl transpeptidase; UA, uric acid. 
aP<0.05, bP<0.01, cP<0.001 vs. baseline; dP<0.01 ADD-ON vs. control; eP<0.05, fP<0.01 SWITCH vs. control.

Fig. 2. Estimated glomerular filtration rates (eGFRs) before and the end of the study period. Bars are as mean±standard deviation. 
Purple and green circles represent 0 and 52 weeks, respectively. (A) Entire cohort (ADD-ON, n=166; SWITCH, n=96; control 
[CTRL], n=258). (B) Chronic kidney disease subgroups (ADD-ON, n=101; SWITCH, n=46; CTRL, n=148). aP<0.05, bP<0.001 
between 0 and 52 weeks (Paired t-test).
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in those with G3b or G4 (eGFR <45 mL/min/1.73 m2) (Fig. 3A). 
Similarly, switching to pemafibrate increased the eGFR of par-
ticipants with normo- or microalbuminuria (A1 [UACR <30 
mg/gCr] or A2 [30≤ UACR <300 mg/gCr]), but not in those 
with macroalbuminuria and/or proteinuria (A3 [UACR ≥300 
mg/gCr]) (Fig. 3B, Supplementary Table 4). On the other hand, 
there is no significant difference by eGFR category in ADD-ON 
(Supplementary Fig. 1A). By albuminuria category, there was a 
significant decrease in eGFR in subjects with A2 and A3 after 
pemafibrate treatment, and this reduction was significant in A3 
compared to A1 (Supplementary Table 4, Supplementary Fig. 
1B). The administration of pemafibrate also improved the lipid 
profiles and liver-related parameters of the participants: the tri-
glyceride (TG) and HDL-C concentrations, and the alanine 
aminotransferase and γ-glutamyl transpeptidase activities, 
showed greater improvements in the ADD-ON group. Howev-

er, switching from a conventional fibrate to pemafibrate in-
creased the uric acid (UA) concentrations of the participants 
(all P<0.001) (Table 2).

Next, to identify the factors related to the increase in eGFR 
that occurred following the switch to pemafibrate, we evaluat-
ed the relationships between the change in eGFR and the base-
line clinical characteristics of the participants. Correlation 
analysis revealed that being older and a low baseline TG con-
centrations were associated with the elevation in eGFR (Sup-
plementary Table 5). In addition, participants treated with fe-
nofibrate showed larger increase in eGFR than those with 
bezafibrate (Supplementary Fig. 2). Multiple linear regression 
analysis using these components as covariates showed that age 
and the type of fibrate used were significantly associated with 
the outcome (Table 3).

Fig. 3. Changes in estimated glomerular filtration rate (eGFR) during the study period in the SWITCH group. Markers and bars 
represent the mean change (95% confidence interval). (A) Blue closed circles, orange closed squares, and red closed triangles rep-
resent G1 and G2 (n=62), G3a (n=27), and G3b and G4 (n=7), respectively. (B) Blue open circles, orange open squares, and red 
open triangles represent A1 (n=69), A2 (n=20), and A3 (n=6), respectively. aP<0.05, bP<0.001 vs. 0 week (analysis of variance 
[ANOVA], followed by Tukey’s post hoc analysis); cP<0.05, dP<0.01 for the difference between the groups (Kruskal-Wallis test, 
follow by Dunn’s post hoc analysis).
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Table 3. Relationships between the change in estimated glomerular filtration rate after the switch to pemafibrate and baseline 
clinical parameters, according to multiple linear regression analysis

Variable Regression coefficient 95% CI P value

Age 0.29 0.01 to 0.49 0.006

Kind of fibrates (bezafibrate=0, fenofibrate=1) 4.75 0.03 to 9.47 0.048

CKD (yes=1) 2.03 −0.21 to 4.28 0.075

AST 0.11 −0.04 to 0.25 0.145

Gender (male=1) 1.76 −2.74 to 6.26 0.439

Triglyceride −0.01 −0.04 to 0.02 0.558

The multiple linear regression analysis was adjusted for age, sex, AST, triglyceride, baseline fibrate use, and the presence or absence of CKD. 
CI, confidence interval; CKD, chronic kidney disease; AST, aspartate aminotransferase.
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DISCUSSION

In the present sub-analysis of data collected during a previous 
prospective observational study of the efficacy and safety of 
use of the pemafibrate in subjects with T2DM, we found that a 
switch from a conventional fibrate to pemafibrate increased re-
nal function, assessed using eGFR, and this trend was replicat-
ed in those participants with CKD. Previous large-scale clinical 
trials have shown that fibrates reduce the incidence of progres-
sion of renal disease in subjects with T2DM in the long-term 
observation [4,9], and a recent metanalysis showed that fibrate 
use was associated with a lower incidence of the progression of 
albuminuria and a higher incidence of improvement. Howev-
er, fibrates have been shown to be initially associated with an 
increase in creatinine and a decrease in eGFR, irrespective of 
the presence or absence of diabetes [10].

Multiple linear regression analysis revealed that use of the 
fenofibrate, rather than bezafibrate, and being older were inde-
pendent predictors of an elevation in renal function after 
switching to pemafibrate. In the Action to Control Cardiovas-
cular Risk in Diabetes (ACCORD) lipid trial, the following 
were identified as predictors of fibrate-associated renal dys-
function: older age, male sex, and the use of angiotensin-con-
verting enzyme inhibitors and/or thiazolidinediones [11]. The 
Fenofibrate Intervention and Event Lowering in Diabetes 
(FIELD) study, assessed the long-term efficacy of fenofibrate 
administration with regard to cardiovascular outcomes and di-
abetic complications, revealed that it reduced the incidences of 
the progression of albuminuria and retinopathy requiring laser 
treatment; however, renal function, assessed using serum cre-
atinine concentration and eGFR, significantly deteriorated 
during the treatment, and increased after the cessation of feno-
fibrate administration [4].

Although the mechanism of the transient renal impairment 
caused by fibrates has not been fully determined, there are sev-
eral candidates: an increase in the production of creatinine 
[12]; altered renal hemodynamics, owing to the amelioration 
of metabolic abnormalities, including dyslipidemia and hyper-
tension [11]; and lower vasodilatory prostaglandin concentra-
tions, especially in the afferent arteriole, secondary to lower re-
nal cyclooxygenase-2 expression [13,14]. Given that a number 
of organs and a wide range of genes are involved in the metab-
olism of creatinine and are regulated by PPARα [15,16], com-
plex interactions have been predicted [11]. Interestingly, thia-
zolidinedione, which is a PPARγ agonist, can cause an increase 

in serum creatinine in subjects with diabetes [17]. The con-
comitant use of a thiazolidinedione and fenofibrate has also 
been reported to be associated with a higher incidence of an 
increase in serum creatinine concentration [11]. Although the 
precise mechanisms of the interaction have not been deter-
mined, an additive effect on PPARs might represent a plausible 
explanation.

As discussed above, the administration of a conventional fi-
brate can increase the risk of a reduction in eGFR [10]. The in-
crease in the number of patients with renal adverse events in 
the PROMINENT trial was also consistent with previous ob-
servations regarding fenofibrate [6]. However, the high speci-
ficity of pemafibrate for PPARα means that the undesirable in-
crease in creatinine that arises from off-target effects can be 
avoided. In an animal study, pemafibrate ameliorated diabetic 
nephropathy via reduction of renal lipid content and oxidative 
stress [18]. Although a direct comparison of the risks associat-
ed with the use of fibrates has not been made, participants with 
CKD and those who showed the progression of micro- or 
macro albuminuria had more frequently been treated with 
bezafibrate than fenofibrate (Supplementary Fig. 3), which 
might have affected the results in the present study. Since feno-
fibrate has been shown to decrease UA concentrations by in-
creasing UA excretion [19], it is plausible that UA was in-
creased in the SWITCH group and not in the ADD-ON group 
in the present study.

In general, older subjects tend to be at a higher risk of meta-
bolic disorders and atherosclerotic diseases [20,21], and their 
renal function is vulnerable to several treatment interventions 
[22]. Therefore, such a risk of impaired renal function repre-
sents a barrier to the use of the most appropriate drug inter-
vention. Although the deleterious effects of fibrates on kidney 
function have been reported to be transient [4], there is a cer-
tain burden to select a fibrate for use in subjects with progres-
sive kidney disease considering that the plasma concentrations 
of fibrates can be high even in the presence of mild kidney dys-
function [23]. In the present study, we have clarified the benefit 
of pemafibrate with respect to renal protection in subjects with 
T2DM, in the presence or absence of CKD. Pemafibrate is 
principally metabolized in the liver; therefore, it is expected to 
have less of an effect on renal function [24], and given that con-
ventional fibrates can reduce eGFR, it is reasonable to switch 
patients to pemafibrate to reduce the risk of a reduction in 
eGFR. A notable finding of the present study is that this reduc-
tion in the risk of a deterioration of renal function is absent in 
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subjects with advanced renal failure and/or proteinuria. There-
fore, it would be important to prescribe pemafibrate for sub-
jects with T2DM before their renal damage progresses.

The present sub-analysis had several strengths. We were able 
to assess the effects of pemafibrate on renal function in subjects 
with T2DM and a broad range of eGFR values, including in 
those who were fibrate-naïve and in those who were switched 
from conventional fibrate therapy. It has clarified the differing 
effects of pemafibrate on renal function according to the pres-
ence or absence of CKD and the baseline treatment regimen. 
In addition, we excluded only a small number of the partici-
pants for whom renal function data were not available, thereby 
minimizing the loss of power. The limitations of the original 
trial have been described previously; it featured an open-label 
observational design, which may be associated with selection 
bias, only Japanese subjects were recruited, and there were no 
restrictions with respect to changes in the treatments for co-
morbidities [7]. In addition to these original limitations, there 
were few participants with moderate-to-severe renal dysfunc-
tion, because the use of pemafibrate in subjects with severe re-
nal function was not recommended until September 2022 in 
Japan. Therefore, a randomized controlled trial of subjects with 
T2DM and progressive CKD, aiming to assess its renoprotec-
tive effect, should be conducted in the next future.

In conclusion, a switch from a conventional fibrate to pemafi-
brate can ameliorate impairments in renal function in subjects 
with T2DM, but this effect is with lower extent in subjects with 
progressive CKD. Such a treatment strategy should be benefi-
cial for the management of hypertriglyceridemia in subjects 
with diabetes and early CKD treated with a fibrate.
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