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Abstract

Introduction Statins and fibrates are important means of preventing cardiovascular diseases, particularly when adminis-
tered in combination as part of various therapeutic strategies. In this study, we explored the risks associated with various
combinations of these drugs.

Objective We aimed to evaluate the risk of 1-year hospitalization with acute kidney injury, liver injury, pancreatitis, or
rhabdomyolysis related to the concurrent administration of statins and fibrates.

Methods We performed a retrospective cohort study using data from the Shizuoka Kokuho Database, focusing on patients
prescribed statins, fibrates, or a combination. Four drug exposure patterns were evaluated: adding statins to fibrates (expo-
sure 1), switching from fibrates to statins (exposure 2), adding fibrates to statins (exposure 3), and switching from statins to
fibrates (exposure 4). Hospitalization for the specified conditions within 1 year was the outcome. Propensity score matching
was used to create balanced cohorts for comparison.

Results We studied 269,226 statin users and 16,282 fibrate users. After propensity score matching, there were 498 partici-
pants in the group of exposure 1, matched with 2988 in the fibrate-only group; 1180 in the group of exposure 2, matched
with 7080 in the fibrate-only group; 1183 in group of exposure 3, matched with 11,830 in the statin only group; and 1356
in group of exposure 4, matched with 13,560 in the statin only group. The 1-year hospitalization rate with liver injury was
higher in the group of exposure 1 than in the fibrate-only group (1.2% vs 0.3%, p <0.01), in the group of exposure 2 than in
the fibrate-only group (0.9% vs 0.3%, p <0.01), and in the group of exposure 4 than in the statin-only group (0.6% vs 0.2%,
p=0.02). There was also a higher risk of 1-year hospitalization with acute kidney injury in group of exposure 1 than in the
fibrate-only group (1.3% vs 0.3%, p=0.01) but not in evaluations of exposure 2, 3, and 4. However, there were no differences
in the risks of 1-year hospitalization with pancreatitis or rhabdomyolysis among the matched groups.

Conclusions We have demonstrated higher risks of 1-year hospitalization with liver injury or acute kidney injury associated
with the use of combinations of statins and fibrates. This underscores the need for a cautious approach to the prescribing of
such drug combinations and the importance of monitoring patients for potential adverse events.

1 Introduction A reductase pathway, consistently and substantially lower

low-density lipoprotein-cholesterol levels, and thereby sub-

Statins and fibrates are effective means of reducing circu-
lating lipid levels, and play vital roles in the primary and
secondary prevention of cardiovascular diseases [1]. Statins,
which inhibit the 3-hydroxy-3-methylglutaryl-coenzyme
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stantially reduce the incidence of atherosclerotic events
[2-5]. Numerous trials have demonstrated their efficacy in
reducing cardiovascular risk, and they have become estab-
lished as fundamental tools in dyslipidemia management
[6-8]. However, previous research has primarily focused on
reducing high triglyceride levels, a risk factor that is gaining
recognition in cardiovascular disease management [9—11].
Fibrates primarily act by activating peroxisome proliferator-
activated receptor alpha, triggering metabolic changes that
lead to a decrease in circulating triglyceride levels, which is
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The concurrent use of statins and fibrates increases the
risk of 1-year hospitalization with liver injury, particu-
larly when a statin is added to a fibrate or when patients
are switched from a fibrate to a statin.

The addition of a statin to a fibrate increases the inci-
dence of 1-year hospitalization with acute kidney injury,
but switching from a fibrate to a statin does not.

There are no differences in the risk of 1-year hospitaliza-
tion with pancreatitis or rhabdomyolysis when a statin is
added to a fibrate or when patients are switched from a
fibrate to a statin.

especially beneficial for patients with hypertriglyceridemia
[12-14].

Lipid-lowering agents are highly effective when used
alone, but concerns have been raised regarding the concur-
rent use of statins and fibrates. The use of both statins and
fibrates is associated with well-documented adverse effects,
such as myopathy and rhabdomyolysis (statins [15-17],
fibrates [18, 19]). In particular, an alarming report was pub-
lished in 2001 regarding 31 patients who experienced fatal
rhabdomyolysis while taking cerivastatin, 12 of whom were
also taking the fibrate gemfibrozil [20]. As a result, the use
of cerivastatin was discontinued in 2001 and the use of com-
binations of statins and fibrates was prohibited. In 2018, the
package inserts for statins and fibrates were revised to state a
“contraindication in principle” for their use in patients with
laboratory data indicating abnormal renal function. A list
of the statins and fibrates that are currently authorized for
use in Japan [21], excluding cerivastatin and gemfibrozil, is
provided in Table 1 of the Electronic Supplementary Mate-
rial (ESM).

A multitude of studies have evaluated the safety pro-
file of combinations of statins and fibrates. The ACCORD
study [22], a randomized controlled trial of 5518 patients
with type 2 diabetes mellitus who were taking simvastatin,
showed that its use in combination with fenofibrate posed
no additional risk of muscle or liver damage to that asso-
ciated with monotherapy. Other smaller randomized con-
trolled trials have also been performed [23], and although
the authors reported no differences in the incidences of
adverse events, the small sample sizes of tens to hundreds
of patients might have been insufficient to identify rare
adverse events. In addition, numerous observational stud-
ies of large databases have been conducted [24, 25], in
which patients undergoing combination therapy showed
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high incidences of rhabdomyolysis, renal impairment, and
pancreatitis.

Clinical practice is associated with diverse exposure
patterns to combinations of statin and fibrate therapy. The
ACCORD study [22] investigated the effects of the addition
of a fibrate to pre-existing statin therapy. In addition, there
have been several studies of the effects of initiating statin
therapy in patients who were already taking a fibrate [26].
Moreover, some patients are switched from one therapy to
another, rather than initiating combination therapy, although
this has been less frequently studied [27]. Therefore, it is
important to thoroughly characterize the effects of a range
of drug exposure patterns, in order to assess the safety of the
use of combinations of statins and fibrates, a range of which
exist in clinical practice.

Thus, in the present study, we evaluated the risks of
1-year hospitalization with acute kidney injury, liver injury,
pancreatitis, and rhabdomyolysis in patients who had been
prescribed either a statin or a fibrate, particularly when one
of these drugs had been added to the existing therapy; and
compared these risks with those of monotherapy.

2 Methods
2.1 Data Source

We studied data from the Shizuoka Kokuho Database
(SKDB). The SKDB is an administrative claims database
for the beneficiaries of the municipal government insur-
ance program (National Health Insurance and Late-stage
Medical Care System for older people) in Shizuoka Pre-
fecture. Shizuoka Prefecture is home to approximately 3.6
million residents and is climatically and demographically
typical of Japan. The SKDB contains data comprising a
regional population-based longitudinal cohort of 2,571,418
individuals who reside in Shizuoka. The data pertaining to
all the enrolled individuals were preprocessed, involving
thorough cleaning and anonymization [28]. This dataset
included basic information regarding the subscriber list
(e.g., sex, age, zip code, observation period, and the reason
for disenrollment, including death) and claims from pub-
lic health insurance organizations (via the National Health
Insurance system for individuals aged <75 years and via
the Late-stage Elderly Medical Care System for individuals
aged > 75 years). The applicability of the SKDB to real-
world risk factor analysis is underscored by the inclusion
of precise data regarding mortality and follow-up attrition,
sourced from the Basic Resident Registration System. The
SKDB has been used as a data source in several previous
studies. [29-31].
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2.2 Study Design, Population, and Group
Classifications

Figure 1 provides a detailed illustration of the study design.
The cohort for the present study was derived from the SKDB
and was studied between 1 April, 2012 and 30 September,
2020, which align with the data collection period of the
SKDB. The date of enrollment was recorded as either the
date of entry into the insurance system covered by the SKDB
or 1 April, 2012, whichever occurred later.

We studied two distinct groups, one consisting of par-
ticipants who were prescribed statins and the other com-
prising those who had been prescribed fibrates during the
baseline period. As shown in Fig. 1, the baseline period
included the exclusion assessment window, outcome wash-
out window, and covariate assessment window, which was
defined as the year prior to the index date for the added-
statin-to-fibrate, switched-statin-to-fibrate, added-fibrate-
to-statin, and switched-fibrate-to-statin groups; and 1 year
after the cohort entry date for the statin-only and fibrate-
only groups. The prescriptions issued for each drug were
categorized on the basis of the specific drug code (Table 1
of the ESM). Patients aged younger than 18 years at the
index date and those who were hospitalized for chronic
kidney disease, chronic hepatitis, cirrhosis, liver cancer,
pancreatitis, and rhabdomyolysis during the baseline
period were excluded from the study cohort. The partici-
pants who were prescribed fibrates were placed into one of

three groups: those who added a statin to a fibrate, those
who were switched from a fibrate to a statin, and those
who continued their fibrate. We then compared the added-
statin-to-fibrate and the switched-fibrate-to-statin groups
with the fibrate-only group.

Similarly, the participants who were prescribed a statin
were allocated to three groups: those who added a fibrate
to a statin, those who switched from a statin to a fibrate,
and those who continued their statin. The added-fibrate-to-
statin and switched-statin-to-fibrate groups were compared
with the statin only group. Figure 2 illustrates the exposure
patterns for each drug in each cohort.

2.3 Inclusion Criteria for Drug Prescription Groups

The inclusion criteria for the added-statin-to-fibrate,
switched-fibrate-to-statin, and fibrate-only groups were
prescriptions of fibrates issued within the study period
and administration for a minimum of 60 days during the
preceding 90 days. Similarly, the criteria for the added-
fibrate-to-statin, switched statin-to-fibrate, and statin-only
groups were new fibrate prescriptions during the study and
at least 60 days of statin administration within the preced-
ing 90 days.

For inclusion in the added-statin-to-fibrate or added-
fibrate-to-statin groups, the participants required at least
60 days of overlapping prescriptions between the index date
and 90 days later. This methodology was based on that of

1 April 30 September
2012 2020
l@rssssssnsnnnnnnnnnnnnnnnnnununnnnn Cohondataa\/a”ab(einSKDB(e_syears) CEELEE TR R R RN R RN RN RN RN RN LY
Exclusion assessment window
[-365 to -1 days]
Outcome washout window
| [-365 to -1 days]
|
I Exposure assessment window Exposure assessment period
60 days of prescription of 60 days after changing the
1 the base drug (statin or fibrate) therapy
I [between -90 and -1 days] [0 to 90 days]
1 Covariate assessment window Observation period
1 [-365 to -1 days] [ 0 days, censored]
. »
Cohort entry Index date End of follow-up period

Fig. 1 Study schema. Cohort entry was defined as the date of regis-
tration with the health insurance provider or 1 April, 2012, whichever
occurred later. The index data were collected on the day that the par-
ticipants were first prescribed a statin or a fibrate (the added-statin-to-
fibrate group, the added-fibrate-to-statin group, the switched-fibrate-
to-statin group, and the switched-statin-to-fibrate group) or 1 year

after the date that a statin was first prescribed, according to the data-
base (the statin-only and fibrate-only groups). The follow-up period
was defined as the interval between the index date and the first of (1)
1 year after the index date, (2) the end of the study (30 September,
2020), (3) the date of withdrawal from the health insurance system, or
(4) the occurrence of an outcome. SKDB Shizuoka Kokuho Database

A\ Adis



Y. Sobukawa et al.
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earlier studies of the same database [32, 33] and emulated
the design of a clinical trial [34].

2.4 Outcome Measures and Follow-Up Period

The primary outcomes were hospitalization within 1 year
with acute kidney injury or liver injury. The secondary out-
comes were pancreatitis and rhabdomyolysis. These were
identified using the International Classification of Diseases,
Tenth Edition or specific disease codes (Table 2 of the
ESM), as described previously [25]. The follow-up period
began (the index date) on the date of the initial prescription
of a combination of a statin and a fibrate, the date of drug
switching, or 1 year after the first prescription recorded in
the database. This period ended at the earliest of the fol-
lowing: the occurrence of an outcome, the completion of
1 year of follow-up, censoring, death, or the conclusion of
the period of coverage of the database.

2.5 Potential Confounders

The potential confounders identified in the study were age,
sex, diseases classified according to the Charlson and Elix-
hauser scores, and the administration of non-statin and non-
fibrate medication for dyslipidemia. Drugs approved for the
treatment of dyslipidemia in Japan, as listed in Table 1 of
the ESM, were considered. The number of days covered by
prescriptions for statins or fibrates during the 90 days prior
to the index date was included in the analysis as a potential
confounder, to account for prevalent user bias.
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2.6 Statistical Analysis

The covariate data for each cohort are summarized using
means with standard deviations for continuous data and
frequencies with percentages for categorical data. A mul-
tivariate logistic regression model was used to estimate the
propensity scores for each individual, and this included the
candidate confounders listed above. Specific covariates were
omitted from the modeling process because they were not
evaluated. One-to-k matching with a caliper of 0.2 was per-
formed using the propensity scores to construct the cohorts
for analysis. K was set to be an integer <10 after propen-
sity score matching; therefore, the number of participants
in each group (the added-fibrate-to-statin, switched-statin-
to-fibrate, added-statin-to-fibrate, and switched-fibrate-to-
statin groups) was >90% of the total number of patients
before matching. Standardized mean differences of < 10%
in the baseline characteristics of the participants among the
groups were used to ensure a balanced distribution. Four
matched cohorts were created: the added-statin-to-fibrate
and fibrate only groups, the switched-fibrate-to-statin and
the fibrate-only groups, the added-fibrate-to-statin group and
the statin-only groups, and the switched-statin-to-fibrate and
the statin-only groups.

Survival time analysis was performed using cumula-
tive incidence curves, with the differences between the two
groups being evaluated using the Gray test and death being
considered a competing risk. Point estimates and 95% con-
fidence intervals for each cumulative incidence were calcu-
lated. Because data regarding covariates were not randomly
absent among the participants, simple imputation for the
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missing data was not performed. P <0.05 was regarded
as indicating statistical significance. Statistical analyses
were conducted using EZR Version 1.61 (Saitama Medical
Center, Jichi Medical University, Tochigi, Japan) [35] or
SAS Version 9.4 (SAS Institute Inc., Cary, NC, USA).

2.7 Ethics

The present study used anonymized data from the SKDB
[28]. The Ethical Guidelines for Medical and Biological
Research Involving Human Subjects do not require research-
ers to obtain informed consent from individuals when they
use data that have been anonymized. The Ethics Commit-
tee of the Shizuoka Graduate University of Public Health
approved the study protocol (#SGUPH_2021_001_059).

3 Results

3.1 Composition of the Cohort Prescribed Fibrates
and Matching

Figure 3 presents a flow diagram illustrating the study
cohort. After applying the exclusion criteria, 16,282 patients
who were prescribed a fibrate were identified. Of these, 548
were placed into the added-statin-to-fibrate group, 1291
into the switched-fibrate-to-statin group, and 11,212 into
the fibrate-only group (Table 1). After propensity score
matching, there were 498 participants in the added-statin-
to-fibrate group, 2988 in the fibrate-only group, 1180 in the
switched-fibrate-to-statin group, and 7080 in the fibrate-only
group. Tables 3 and 4 of the ESM list the characteristics of
the participants in the fibrate-prescribed groups before and
after propensity score matching.

2,398,393 subscribers to the National Health Insurance and Latter-Stage Senior Medical Care System
in Shizuoka Prefecture, Japan (between 1 April 2012 and 31 September 2020)

v

17,185 fibrate users with a 1-year baseline period

Exclusions
2 participants were not >18 years of
age
135 participants had already been
—»{ hospitalized because of acute
kidney injury, hepatic injury,
pancreatitis, or rhabdomyolysis
383 participants with a follow-up
period >90 days

v

273,350 statin users with a 1-year baseline period
Exclusions
9 participants were not >18 years of

age
225 participants had already been
—»] hospitalized because of acute
kidney injury, hepatic injury,
pancreatitis, or rhabdomyolysis
3,890 participants with a follow-up
period >90 days

y

16,282 participants prescribed a fibrate and eligible for inclusion

269,226 participants prescribed a statin and eligible for inclusion

2,727 participants
issued prescriptions
during the last 90
days of the baseline
period for <60 days
143 participants

issued prescriptions of lgmad | issued prescriptions le—] | prescriptions to switch  jg=—
a combination during during the first 90 therapy during the first
the first 90 days of the days of the 90 days of the

observation period
lasting <60 days
11,894 participants
administered a
fibrate throughout
1,361 participants
switched medication

2,979 participants
issued prescriptions
during the last 90
days of the baseline
period for <60 days
509 participants

observation period
lasting <60 days
1,361 participants
switched medication
699 participants
added a statin

2,759 participants
issued prescriptions
during the last 90
days of the baseline
period for <60 days
27 participants issued

observation period for
<60 days

11,894 participants
Administered a
fibrate throughout

699 participants
added a statin

21,425 participants
issued prescriptions
during the last 90
days of the baseline
period for <60 days
725 participants
issued prescriptions
for combinations
during the first 90
days of the period for
<60 days

236,461 participants
administered a
statin throughout
9,588 participants
switched medication

42,458 participants
issued prescriptions
during the last 90
days of the baseline
period for <60 days
28,220 participants
issued prescriptions
for combinations
during the first 90
days of the period
for <60 days

2,149 participants
added a fibrate
9,583 participants
switched medication

25,480 participants
issued prescriptions
during the last 90
days of the baseline
period for <60 days
7,868 participants
issued prescriptions
for combinations
during the first 90
days of the period for
<60 days

236,461 participants
administered a
statin throughout
2,149 participants
added a fibrate
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Matched cohort

498 Added-statin-to-fibrate group
2,988 Fibrate only group
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1,180 Switched-fibrate-to-statin group
7,080 Fibrate only group
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Matched cohort
1,183 Added-fibrate-to-statin group
11,830 Statin only group

Matched cohort
1,356 Switched-statin-to-fibrate group
13,560 Statin only group

Fig.3 Flow diagram of the study. The left side of the chart describes the participants who were initially prescribed a fibrate and the right side of

the chart describes those who were initially prescribed a statin
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3.2 Statin-Prescribed Cohorts and Matching

Within the baseline period, 269,226 individuals were iden-
tified as having been prescribed a statin. In this cohort, the
added-fibrate-to-statin group comprised 1197 participants,
the switched-statin-to-fibrate group comprised 1387 partici-
pants, and the statin-only group, which served as the control
group, consisted of 187,614 participants (Table 2). After
propensity score matching, there were 1183 and 11,830 par-
ticipants in the added-fibrate-to-statin group and the statin-
only group, respectively; and 1356 and 13,560 participants
in the switched-statin-to-fibrate group and the statin-only
group, respectively. The characteristics of the statin-pre-
scribed groups, both before and after matching, are listed in
Tables 5 and 6 of the ESM.

3.3 Effects of Adding or Switching to a Statin
in the Participants Initially Prescribed a Fibrate

Table 7 of the ESM and Table 1 show the frequency of each
outcome (acute kidney injury, liver injury, pancreatitis,
and rhabdomyolysis) before and after the matching pro-
cess. Table 1 presents the Gray test results and shows the

differences in the cumulative incidences of outcomes in pairs
of matched groups. Figure 4 shows the cumulative incidence
curves for each outcome for the various groups.

There was a difference in the incidence of 1-year hos-
pitalization with hepatic injury between two of the groups
prescribed fibrates. An analysis of the matched cohort for
the evaluation of the effects of adding a statin to a fibrate
revealed six events in the added-statin-to-fibrate group
(n=498) and nine in the fibrate-only group (n=2988,
Table 1), equivalent to 1-year cumulative incidences of
1.2% and 0.3%, respectively (p <0.01, Fig. 4b). When the
switched-fibrate-to-statin group was compared with the
fibrate-only group, the event numbers were 10/1180 and
20/7080 (Table 1), equivalent to 1-year cumulative inci-
dences of 0.9% and 0.3%, respectively (p <0.01, Fig. 4f). In
addition, there was a difference in the incidence of 1-year
hospitalization with acute kidney injury between the added-
statin-to-fibrate (n =498) and the fibrate-only (n =2988)
groups: there were six and ten events (Table 1) and cumu-
lative incidences of 1.3% and 0.3%, respectively (p=0.01,
Fig. 4a). However, there was no difference in the matched
cohort used to evaluate the switch from a fibrate to a sta-
tin (Fig. 4e). Furthermore, there were no differences in the

Table 1 Comparison of the effects of adding a statin to a fibrate and switching from a fibrate to a statin

Matched cohort for Outcome Exposure Number of Cumulative 95% Confidence interval P-value
comparison events (%) incidence after (Gray’s
1 year test)
Matched cohort for the Acute kidney injury Addition of a statin 6(1.2) 0.013 0.005-0.027 0.01
evaluation of adding a (n=498)
statin to a fibrate (1:6) Fibrate only (2=2988)  10(0.3)  0.003 0.002-0.006
Hepatic injury Addition of a statin 6 (1.1) 0.012 0.005-0.025 <0.01
(n=498)
Fibrate only (n=2988) 9 (0.3) 0.003 0.002-0.006
Pancreatitis Addition of a statin 2(0.4) 0.004 0.001-0.014 0.37
(n=498)
Fibrate only (n=2988) 6 (0.2) 0.002 0.001-0.004
Rhabdomyolysis Addition of a statin 0 0 NE 0.69
(n=498)
Fibrate only (n=2988) 1 (0.0) 0.000 0.000-0.002
Matched cohort for the Acute kidney injury Switching to a statin 6 (0.5) 0.005 0.002-0.011 0.15
evaluation of switching (n=1180)
a fibrate to a statin (1:6) Fibrate only (n=7080)  19(0.3)  0.003 0.002-0.004
Hepatic injury Switching to a statin 10 (0.8) 0.009 0.005-0.016 <0.01
(n=1180)
Fibrate only (n=7080) 20 (0.3) 0.003 0.002-0.004
Pancreatitis Switching to a statin 0(0.0) 0 NE 0.09
(n=1180)
Fibrate only (n=7080) 17 (0.2) 0.002 0.001-0.004
Rhabdomyolysis Switching to a statin 0 0 NE 0.69
(n=1180)
Fibrate only (n=7080) 1 (0.0) 0.000 0.000-0.001

NE not evaluable
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Table 2 Comparison of the effects of adding a fibrate to a statin and switching from a statin to a fibrate

Matched cohort for Outcome Exposure Number of Cumulative 95% Confidence interval P-value
comparison events (%) incidence after (Gray’s
1 year test)
Matched cohort for the ~ Acute kidney injury Addition of a fibrate 6(0.5) 0.006 0.002-0.012 0.14
evaluation of adding a (n=1183)
fibrate to a statin (1:10) Statin only (n=11,830) 34 (0.3)  0.003 0.002-0.004
Hepatic injury Addition of a fibrate 3(0.3) 0.003 0.001-0.007 0.54
(n=1183)
Statin only (n = 11,830) 22 (0.2) 0.002 0.001-0.003
Pancreatitis Addition of a fibrate 1(0.1) 0.001 0.000-0.005 0.87
(n=1183)
Statin only (n=11,830) 13 (0.1) 0.001 0.001-0.002
Rhabdomyolysis Addition of a fibrate 0 0 NE 0.66
(n=1183)
Statin only (n=11,830) 2 (0.0) 0.000 0.000-0.001
Matched cohort for the ~ Acute kidney injury Switching to a fibrate 3(0.2) 0.002 0.001-0.006 0.70
evaluation of switch- (n=1356)
ing a statin to a fibrate Statin only (n=13,560) 24 (0.2) 0.002 0.001-0.003
(1:10) Hepatic injury Switching to a fibrate (1 8 (0.6)  0.006 0.003-0.012 0.02
= 1356)
Statin only (n=13,560) 33 (0.2) 0.002 0.002-0.003
Pancreatitis Switching to a fibrate 1(0.1) 0.001 0.000-0.004 0.93
(n=1356)
Statin only (n=13,560) 11 (0.1) 0.001 0.000-0.001
Rhabdomyolysis Switching to a fibrate 0 0 NE 0.66
(n=1356)
Statin only (n=13,560) 2 (0.0) 0.000 0.000-0.001

NE not evaluable

1-year hospitalization of pancreatitis or rhabdomyolysis
between the added-statin-to-fibrate and switched-fibrate-
to-statin groups (Fig. 4c, d, g, h).

3.4 Effects of Adding or Switching to a Fibrate
in the Participants Initially Prescribed a Statin

The characteristics of the participants prescribed a statin
before and after matching are shown in Table 8 of the ESM
and Table 2. The cumulative incidence curves for each out-
come for each of the groups are shown in Fig. 5. In the
matched cohort to investigate the effects of switching from
a statin to a fibrate, there was a higher incidence of 1-year
hospitalization with hepatic injury in the switched-statin-
to-fibrate group than in the statin-only group. The groups
included 8 (/1356) and 33 (/13,560) events (Table 2), with
corresponding 1-year cumulative incidences of 0.6% and
0.2% (p=0.02, Fig. 5f). However, there were no differ-
ences in the incidences of 1-year hospitalization with acute
kidney injury, pancreatitis, or rhabdomyolysis between the
matched groups (Fig. Se, g, h). Furthermore, in the matched
cohort used to determine the effects of adding a fibrate
to a statin, there were no differences in the incidences of

1-year hospitalization with acute kidney injury, liver injury,
pancreatitis, or rhabdomyolysis between the two groups
(Fig. 5a—d).

4 Discussion

The findings of the present study of the SKDB significantly
contribute to existing knowledge regarding the implications
of the administration of combinations of statins and fibrates.
The higher risk of 1-year hospitalization with liver injury
in participants prescribed a fibrate when a statin was added
(1.2% vs 0.3%) or when they are switched from a fibrate to
a statin (0.9% vs 0.3%) emphasizes the potential hepatotoxic
effects of this combination. In addition, the higher risk of
1-year hospitalization with acute kidney injury associated
with the addition of a statin to a fibrate (1.3% vs 0.3%) high-
lights the need for careful consideration before such drug
combinations are prescribed. However, we did not identify
differences in the incidences of 1-year hospitalization with
pancreatitis or thabdomyolysis, suggesting that the higher
risks are specific to liver and kidney injuries. These findings
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should help guide clinicians toward more informed and safer
prescribing practices.

Notably, switching from a statin to a fibrate was associ-
ated with a higher risk of 1-year hospitalization with liver
injury than continuing statin use alone. Statin-associated
side effects are well-documented contributors to the high
incidence of treatment discontinuation [36—38]. Given that
the present study focused on existing statin users, it is con-
ceivable that those patients who were more predisposed
toward adverse events may have already discontinued their
use. However, the identification of such dropouts within a
database presents a challenge, and this scenario represents
a form of selection bias known as prevalent user bias [39]
that affects the conclusion that switching could be associ-
ated with a risk of 1-year hospitalization with liver injury for
patients prescribed a statin. Thus, it is difficult to definitively
conclude that switching increases the risk of hepatic injury.

For participants prescribed a fibrate, the introduction of a
statin was associated with a higher incidence of 1-year hos-
pitalization with acute kidney injury. Fibrates are known to
reversibly increase creatinine levels, but they have not previ-
ously been reported to increase the risk of renal injury [40,
41]. Furthermore, in several randomized controlled trials,
statins have not been demonstrated to impair renal function
[42-44]. Tt has often been reported that acute kidney injury
induced by statins predominantly occurs in conjunction with
rhabdomyolysis. Consequently, it is plausible that a propor-
tion of these instances of acute kidney injury may be attrib-
utable to rhabdomyolysis.

This study differs from previous studies with respect to
the specific statins and fibrates that were evaluated, as listed
in Table 1 of the ESM. Notably, we excluded cerivastatin,
which is known to be associated with a high incidence of
rhabdomyolysis [45], and gemfibrozil, which is recognized
to interact with cerivastatin [46]. As a result, the incidence
of muscle-related adverse events identified in the present
study, including of rhabdomyolysis, was lower than that pre-
viously documented.

The matched cohorts that were created in the present
study were designed to emulate a randomized controlled
trial [34]. The incidences of the outcomes were calculated
using a per-protocol set that comprised participants who
were prescribed one of the relevant drugs for a minimum
of 60 days within the initial 90-day period. The analysis
did not include instances of the discontinuation of drug
administration, such as because of death or dropout, within
the 90-day exposure study window, because this may have
introduced bias into the estimation of the incidences of
the outcomes. Furthermore, the follow-up period was lim-
ited to 1 year, the shortest duration feasible. However, we
believe the associated bias is minimal, owing to our focus
on the initial 90-day exposure assessment window and the
subsequent application of censoring.

A\ Adis

The present study has also shed light on the potential
interactions between statins and fibrates. Several study
designs [47-49] have been used to identify drug—drug
interactions, including studies of the interactions between
sulfonylureas and co-trimoxazole [47]. It was known that
sulfonylureas induce hypoglycemia, unlike co-trimoxa-
zole [47]. In patients who are prescribed sulfonylureas, a
higher incidence of hypoglycemia in those who are also
administering co-trimoxazole may indicate an interaction
between these two drugs. When interpreting the findings
of the present study through its design lens, the outcomes
obtained when a fibrate is added in patients prescribed
a statin might be indicative of no interaction, given that
fibrate use is not generally associated with liver injury.

Nevertheless, an analogous interaction was not identi-
fied in the present study. When considering outcomes such
as acute kidney injury, rhabdomyolysis, or pancreatitis,
the identification of interactions is challenging because
the administration of a fibrate influences the outcome of
the disease. Furthermore, no interactions were identified
in participants prescribed a fibrate because statins affect
the outcomes [50, 51].

Instead, we discuss here the interactions between statins
and fibrates in terms of pharmacokinetics and pharmaco-
dynamics. Pharmacokinetic research has shown that gemfi-
brozil increases the circulating concentration of statins by
inhibiting glucuronidation, which increases the incidence
of adverse events [52]. In a randomized crossover study,
the combination of cerivastatin and gemfibrozil was shown
to increase the amount of cerivastatin absorbed into blood
(area under the curve) by 5.6-fold and increase the peak
plasma concentration of cerivastatin by approximately
three-fold [46]. However, similar pharmacokinetic inter-
actions have not been identified for other fibrates, such
as fenofibrate [53—-56], bezafibrate [57], and pemafibrate
[58]. These findings are consistent with the results of the
present study. Mitochondrial damage has been identified as
the primary mechanism underpinning statin-induced liver
injury [15], and although the exact mechanism by which
fibrates induce hepatic dysfunction remains uncertain, the
results of animal studies have suggested that mitochon-
drial damage might also play a role [59]. Considering this
similarity in mechanism, the potential effects of concur-
rent statin and fibrate use on the incidence of liver injury
cannot be disregarded.

These study results reflect current practices in Japan
regarding the addition of statins and fibrates or switching
between the two for the treatment of dyslipidemia. The find-
ings reveal that a fibrate is also administered in < 1% of
patients who are prescribed a statin. Moreover, the data show
that only a small number of patients change from adminis-
tering a statin to administering a fibrate or vice versa. This
is probably attributable to the large number of prescriptions
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issued for ezetimibe and eicosapentaenoic acid, as indicated
in Tables 4 and 6 of the ESM. The participants more fre-
quently changed from administering a statin to one of these
medications, rather than a fibrate in the present study.

The 90-day period was the same as that used in previous
research [59] and is the time frame within which adverse
events are typically most prevalent. Beyond 90 days, the con-
tinuity of prescriptions could not be assured, which led us to
limit the follow-up period to 1 year in an effort to minimize
the misclassification of the exposures. Furthermore, because
the objective of the study was to assess the clinical effects of
the interventions of interest, a sensitivity analysis regarding
the study duration was not conducted. We decided that the
chosen duration was adequate for our purposes, considering
the intentional nature of the study [60].

The present study has several distinct strengths over
previous studies, especially observational studies. First,
we used the SKDB, a comprehensive database including
data relating to a large population, to construct groups of
544-1384 patients reflecting the four exposure patterns.
Second, because the SKDB is a medical claims database, it
accurately reflects real-world clinical prescribing practices
and can provide valuable insight into medication-switching
patterns, an aspect of real-world therapy that has not previ-
ously been explored in intervention studies. Third, the data-
base includes accurate entries, specific dates of outcomes,
and monthly drug prescription records for each individual.
This enabled the creation of an analysis cohort, facilitating
survival time analyses that took into account both censoring
and competing risks.

The present study also had some limitations. First, the
definition of outcomes using International Classification of
Diseases, Tenth Edition or disease codes lacks specificity. In
previous studies [25], diseases were defined using laboratory
values, such as a creatine kinase activity > 10 times the upper
reference limit for a diagnosis of rhabdomyolysis and an ala-
nine aminotransferase activity >3 times the upper reference
limit for a diagnosis of liver injury. However, in the database
used, laboratory data were available only for some of the
participants; therefore, we limited the definition to involve
the necessity for hospitalization to increase the specificity
of the definitions. Second, ideally, we would have employed
a new-user design to facilitate more precise causal infer-
ences to be made, but this was challenging because of the
limited sample size; therefore, the analysis was conducted
in a cohort comprising prevalent users. In our preliminary
study, only 394 new patients in the database were found to
have started prescribed statins and fibrates simultaneously,
a group size that was determined to be insufficient to detect
differences in the incidences of adverse events, given that
these were all < 1%. Third, the large difference in the lengths
of our exposure assessment period (90 days) and observa-
tion period (1 year) may limit the ability to ascertain causal

relationships between therapy and late adverse events such
as liver injury and acute kidney injury. In particular, it is
difficult to ascertain causal effects if the therapy was ceased
on day 90 and adverse events occurred much later than day
90. Future studies might benefit from treating therapy expo-
sure as a time-dependent variable to assess its impact more
accurately. Fourth, the validity of outcome measures used in
this study has not been evaluated, as no studies have specifi-
cally evaluated the accuracy of the reasons or conditions for
hospitalization in the Japanese claims database. Fifth, the
study relied on prescription data obtained from an insurance
claims database, which may not have accurately represented
the use of the medication. Sixth, although the study included
participants prescribed six statins and four fibrates with dis-
tinct pharmacodynamic and pharmacokinetic properties
(Table 1 of the ESM), we did not analyze the individual
characteristics of these drugs, but rather concentrated on
the effect of the class as a whole. A decision was made not
to conduct subgroup analyses because of the small sample
size for such a detailed evaluation. Seventh, given the obser-
vational nature of the study, there may have been unknown
covariates that were not adjusted for, leaving open the poten-
tial for confounding. Notably, residual confounding factors
such as medication adherence, smoking, history of alcohol
consumption for liver disease, exercise history, and trauma
related to rhabdomyolysis were not available in the database;
these limitations should be considered when interpreting our
results. Finally, as we only studied Japanese people aged
18 years and older, our results might not be the same for
people of other races and those aged younger than 18 years.

5 Conclusions

By using a comprehensive set of data from the SKDB, we
have provided insight into the risk profile associated with
the concomitant administration of statins and fibrates. The
present findings indicate that there is higher risk of 1-year
hospitalization with liver injury when statins are added to
fibrate therapy or when fibrate therapy is changed to sta-
tin therapy. These imply that existing prescribing protocols
should be re-evaluated. While our findings suggest a poten-
tial increase in the 1-year risk of hospitalization because of
liver injury when switching from fibrate to statin therapy, it
is important to note that these results may be influenced by
prevalent user bias, indicating the need for further research.
Moreover, the higher risk of 1-year hospitalization with
acute kidney injury associated with the addition of statins
to fibrate treatment regimens emphasizes the necessity for
meticulous individualized treatment approaches. Although
the present study did not show higher risks of 1-year hospi-
talization with pancreatitis or rhabdomyolysis, the additional
risks associated with liver and kidney injury merit clinical
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attention. These outcomes emphasize the importance of rig-
orous monitoring alongside the use of these lipid-lowering
agents in combination.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40801-024-00426-1.
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