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Introduction

It has already been well recognized that guide-
line-recommended statin therapy is essential for the
prevention of atherosclerotic cardiovascular disease
(ASCVD). However, as already described by many,
adherence for the statin treatment is not sufficient,
and thereby beneficial effects of statin remains subop-
timal. Although excellent reviews for the statin adher-
ence has been published to highlight the clinical man-
agement of its intolerance, these are based predomi-
nantly on the observations in Western populations.

According to the growing importance of statin
adherence / intolerance in ASCVD prevention and
scarce information on this issue in Asian population,
The Japan Atherosclerosis Society (JAS) has organized

the working group on statin intolerance to survey its

prevalence among Japanese individuals, and to prepare
clinical guide of its management. Major concerns to
diminish statin adherence are reported to be related to
muscle symptom, hepatotoxicity, and glucose metabo-
lism. Therefore, this working group was organized
encompassing investigators not only lipidologists, but
also neurologists, hepatologists, diabetologists, and
pharmacologists, and all available data obtained in
Japanese population, published in the literature or
provided as post-marketing survey reports by pharma-
ceutical companies, regarding these concerns were
enrolled for subsequent analysis.

1. Background and Significance of this Guide

Statins, originally discovered in Japan by Dr.
Akira Endo, has been shown essential in primary and
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secondary prevention of ASCVD such as angina pec-
toris and myocardial infarction by means of its ability
to inhibit cholesterol biosynthesis in the liver and in
turn to increase the number of hepatic LDL receptors
resulting in the reduction of LDL cholesterol (LDL-C)
levels". Of note, long-term administration is required
especially in both secondary prevention and geneti-
cally-determined high-risk cases such as familial
hypercholesterolemia (FH)?.

Good drug adherence is the basic requirement
for continued statin therapy, but as is the case with
drug therapies for lifestyle-related diseases, adherence
is not always clinically sufficient. As a result, between
10% and 30% of cases per year find it difficult to con-
tinue therapy”. Moreover, poor adherence is known
to lead to diminished preventative effects on
ASCVD?. Appropriate guide of managing adverse
events such as myopathy and hepatopathy, associated
with statin administration, are essential to improve its
adherence”. The largest concern of statin treatment is
myopathy. Because of worrisome developing the most
serious adverse event, rhabdomyolysis, mild cases of
myopathy are considered a sign of statin intolerance.
As a result of discontinuing the drug, LDL-C reduc-
tion remains insufficient, and as a result a large num-
ber of patents develop ASCVD event by insufficient
treatment?.

Besides stains, a small intestine cholesterol trans-
porter inhibitor was launched in 2007 and the PCSK9
inhibitor antibody was launched in 2016 in Japan. In
Europe and United States, the ability of these drugs
(the former in 2015 and the latter in 2017 ) to pre-
vent ASCVD has already been reported by large-scale
clinical trials, but these were achieved in combination
with statins. As for cases with difficulties in continu-
ing statin therapy, relevant academic organizations in
Europe and United States have released reports on
current status and its management guide®> * 7.
Despite the inclusion of promising clinical study
results using PCSK9 inhibitor for statin intolerant
patient'® 'V, all of these reports concluded that further
research and additional data are required. In Japan,
alirocumab has recently been approved for statin intol-
erance (Nov. 2018), and evolovumab is now under
review for approval (approved in Jun. 2019) (note
added in proof), expecting much improvement of
LDL-C lowering in statin intolerant patients.

The knowledge regarding statin intolerance
among Japanese patients is limited to few research
data obtained from health insurance claims'>'?. In
addition, in Japanese patients, same degree of LDL-C
reductions was achieved with approximately half of
the dose as compared in Europe and the United
States?. Therefore, it would not be appropriate to
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apply observations obtained in Western populations
to Japanese patients, particularly in view of the fact
that increased statin doses lead to increased frequency
of adverse events. Furthermore, it has been reported
that the genetic background of statin-associated
myopathy in Japanese appears to differ from that of
Euro-American descent'¥. Taken together with the
fact that a prospective, randomrzed, crossover trial
reported that one-third of myopathy cases had poor
reproducibility and that some were due to the nocebo
effect'”, it would be required to understand current
condition on statin intolerance in Japanese popula-
tion, to identify variables linked to its mechanism, and
finally to its clinical management.

Based on these, when introducing and continuing
LDL-C lowering therapy for the purpose of ASCVD
prevention, accurate recognition of statin intolerance
and appropriate management for each individual in
case of its condition would be considered as important
“unmet needs” in Japanese population. In light of these
current circumstances, the JAS has elucidated the fre-
quency and the clinical features of statin intolerance
and created the Statin Intolerance Clinical Guide for
the purpose to enhance achievement appropriate
LDL-C lowering therapy. The details of these Guide-
lines were mainly based on data that were publicly
available as of July 2018. As new information becomes
available, this Guide will need to be revised accordingly.

2. What Statin Intolerance is

As mentioned earlier, statin intolerance is a term
indicating a condition in which suitable doses of
statins according to a given patient ASCVD risk could
not be tolerated for a variety of reasons. The main rea-
sons include the appearance of adverse events that are
associated with statin administration and laboratory
test results indicating for health problems The
National Lipid Association (NLA) defines statin intol-
erance as “adverse symptoms, signs and/or laboratory
abnormalities attributed by the patient or provider to
the statin and in most cases perceived by the patient
to interfere unacceptably with activities of daily living
(such as sleep, work / housework, or leisure-time activ-
ity), leading to a decision to stop or reduce statin ther-
apy, in the individual case”'. Although these situa-
tions are not common, statin intolerant patients are
included among patients in whom statin therapy is
discontinued or statin dose is reduced by attending
physicians or other clinicians as a result of abnormal
clinical or laboratory test findings. In addition to this
definition of statin intolerance for individual cases,
there is also a definition of statin intolerance for the
population sense. In this case, statin intolerance is
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defined as “clinical or laboratory adverse experiences
linked to statin treatment by validated clinical evi-
dence and presenting with pain, impairment, or risk
which justifies statin cessation or dose reduction.”
However, the individual definition contains elements
related to the patient’s subjective symptoms, resulting
in the difficulty to ascertain the patient’s condition
according to objective and universal criteria. There-
fore, the population-based definition has been consid-
ered important to apply'.

In the present Guide, statin intolerance is defined
as “adverse events linked to statin administration that
result in some un-tolerated impairments in daily life
which justify statin cessation or dose reduction.”
Taken into account the clinical use of multiple types
of statins with variable doses, statin intolerance is fur-
ther subdivided into “complete intolerance,” which
indicates difficulty in continuing any kind of statin
administration regardless of the dose, and “partial
intolerance,” which indicates difficulty in continuing
statin administration of some kind of statin only at
certain doses.

3. Clinical Questions (CQs) Regarding
Statin Intolerance

The following clinical questions (CQs) were
established for the purpose of ascertaining the current
status of statin intolerance among the Japanese popu-
lation:

CQ1: What is the frequency of statin intolerance
(difficulty in continuing statin administration) in the
Japanese population?

CQ1-2: Are there any differences in the fre-
quency of statin intolerance among various types of
statin?

CQ1-3: What are the reasons for and frequency
of statin intolerance (difficulty in continuing statin
administration) in the Japanese population?

CQ2: Does statin intolerance (difficulty in con-
tinuing statin administration) in Japanese population
influence atherosclerotic cardiovascular disease preven-
tion and their prognosis?

CQ3: What measures are taken to deal with
statin intolerance (difficulty in continuing statin
administration) in the Japanese population?

Next, we used the following two approaches to
identify objective data that answer the above CQs.
The obtained answers are shown in the following sec-
tion.

1) Systematic review of published articles.

2) Analysis of safety-related reports submitted by
pharmaceutical companies that market statins in
response to a request by the Working Group.

4. Answers to the CQs

4.1 Systematic Review

The period of literature search: March to June
2018.
Methods:

1. The above CQs were structured and our inclu-
sion/exclusion criteria were determined.

2. A search form using Ichushi (Japan Medical
Abstracts Society) and PubMed searches was created.

3. Reference screening (initial screening based on
titles and abstracts, and secondary screening based on
an assessment of the papers in full text) was performed
using Ichushi (Japan Medical Abstracts Society) and
MEDLINE (PubMed).

4. Data were extracted from articles that satisfied
the inclusion criteria.

4.2 Results

Using PubMed, a search was conducted for com-
parative studies of the efficacy and safety of statins
that were conducted on adult dyslipidemic patients in
Japan. Eight studies met the inclusion/exclusion crite-
ria; six were randomized comparative trials; and two
were cohort studies. In spite of the fact that these
studies mentioned the onset of adverse drug effects
and adherence during the treatment period, they did
not define intolerance or investigate its frequency and
its relation to prognosis.

All articles found through the literature search in
Ichushi were excluded during the secondary screening,.
A search for trials that were conducted in the 1970s
and 1980s identified 27 papers. Of these, seven papers
included 100 or more participants. Below are the
responses to each CQ identified in the papers that we
obtained.

CQI: Frequency of Intolerance (cessation)

Answer: Although the frequencies reported by
the studies varied from 0% to 10%, only a few studies
followed up their participants for multiple years.

* Pravastatin:

1. Two comparative studies of dyslipidemic
patients reported that pravastatin was discontinued in
4 out of 140 cases and 3 out of 171 cases, respectively,
during the 16-week administration period'®'”.

2. A randomized controlled trial of 8,214
patients with dyslipidemia reported that pravastatin
was discontinued in 7 cases during the 12-week
administration period. Specifically, discontinuation
was due to abnormalities in clinical test in three cases
and due to adverse effects in four cases'® (Table 1).

* Simvastatin:
(i) A cohort study of 201 dyslipidemic patients
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Table 1. At five years after the start of the study 91.4% of the cases were being administered Pravastatin (ref 18)

Year 1 Year 3 Year 5 Year 7 Year 9
Diet group
Patients™ 3814 3627 2604 455 237
Actual visits' 3705 3354 2291 447 222
No lipid-lowering drug 3070 (83%) 2398 (71%) 1518 (66%) 259 (58%) 115 (52%)
Pravastatin 311 (8%0) 586 (17%) 520 (23%) 147 (33%) 86 (39%)
Other statin 20 (1%) 49 (1%) 43 (2%) 6 (1%) 5 (2%)
Other lipid-lowering drug 304 (8%) 321 (10%) 210 (9%) 35 (8%) 16 (7%)
Diet plus pravastatin group
Patients ™ 3678 3473 2545 467 259
Actual visits' 3574 3251 2252 451 242
20 mg pravastatin 230 (6%) 461 (149) 374 (17%) 114 (25%) 54 (22%)
15 mg pravastatin 4 (0.1%) 0.4%) 10 (0.4%) 3 (0.7%) 3 (1%)
10 mg pravastatin 2896 (81%) 232 71%) 1522 (68%) 285 (63%) 152 (63%)
5 mg pravastatin 265 (7%) 6%) 130 (6%) 15 (3%) 7 (3%)
Other statin 6 (0.2%) 7 (0.2%) 17 (0.8%) 3 (0.7%) 5 (2%)
Other lipid-lowering drug 14 (0.4%) 9 (1%) 22 (1%) 8 (2%) 5 (2%)
No lipid-lowering drug 159 (4%) 213 7%) 177 (8%) 23 (5%) 16 (7%)

Number at risk of total mortality. ' Number of patients who visited the hospital. Any patients who fitted in several categories were assigned to

upper category in the table.

Table 2. At six years after the start of the study 24,260 cases were being administered Simvastatin (ref 20)

Year
0 1 2 3 4 5 6

Simvastatin n=48,428 39,519 32,900 28,981 25,461 22,823 20,518

5 mg monotherapy 1,729 2,081 2,069 2,025 1,966 1,812 1,668

10 mg monotherapy 1 168 249 293 295 261 229

Other monotherapy
Simvastatin monotherapy total 50,158 41,768 35,218 31,299 27,722 24,896 22,415
Simvastatin + other lipid-lowering agent 1,163 1,688 1,968 2,133 1,993 1,813 1,845
Other lipid-lowering agent 0 56 235 463 509 525 814
No or Unknown medication 0 6,576 10,419 11,655 12,074 12,190 11,821
Total 51,321 50,088 47,840 45,550 42,298 39,424 36,895
Simvastatin total 51,321 43,456 37,186 33,432 29,715 26,709 24,260

5 mg (%) 49,495 (96.4) 40,946 (94.2) 34,561 (92.9) 30,694 (91.8) 27,065 (91.1) 24,246 (90.8) 21,994 (90.7)

10 mg (%) 1,825 (3.6) 2,332 (5.4) 2,365 (6.4) 2,422 (7.2) 2,334 (7.9) 2,183 (8.2) 2,018 (8.3)

Other (%) 1 (0.0) 178 (0.4) 260 (0.7) 316 (0.9) 316 (1.1) 280 (1.0) 248 (1.0)

reported that nine cases suffered mild adverse drug
effects but none led to cessation of statins during the
12-month follow-up period'.

(i) A cohort study (J-LIT) of 52,421 dyslipid-
emic patients reported that 36,895 patients were fol-
lowed up at sixth years, and 24,260 of them had con-
tinued taking Simvastatin (Table 2)2°.

(iii) A comparative study of dyslipidemic patients
reported that simvastatin was discontinued in four out
of 137 cases during the 12-week follow-up period?".
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(iv) A phase II dose-finding study of MK-733
(Simvastatin) reported that one case out of 168 expe-
rienced loss of appetite and malaise during the
12-week follow-up period®?.

(v) A multicenter open study of 280 dyslipidemic
patients reported that simvastatin was discontinued in
4 cases due to urticaria, tightness in the chest, fatigue,
and a burning sensation on the face during the
12-week administration period .
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Table 3. Investigation of the efficacy of Pitavastatin and Atorvastatin on 207 dyslipidemia
patients with impaired glucose tolerance (ref 24)

Week 28 Week 56

Week 8
Pitavastatin 98% (86/88)
Atorvastatin 100% (84/84)

94% (83/88)
96% (81/84)

93% (79/85)
98% (80/82)

CQ1-2: The Frequency of Statin Intolerance by Type
of Statin

Answer: Although only few articles mentioned
this issue, no differences were observed in the fre-
quency of intolerance based on the type.

* Comparison of Pitavastatin and Atorvastatin

(i) A randomized controlled trial (RCT) that
investigated the efficacy of Pitavastatin and Atorvas-
tatin used on 207 dyslipidemic patients with impaired
glucose tolerance reported that there was no signifi-
cant difference between the two groups in the inci-
dence of adverse drug effects and that drugs adminis-
tration were discontinued due to adverse drug effects
in six cases within six months in both groups. No dif-
ference between the groups was found in terms of
adherence of the drugs (Table 3)*%.

(i) An RCT (JAPAN-ACS Trial) comparing the
effects of Pitavastatin and Atorvastatin in 307 acute
coronary syndrome patients who underwent PCI with
intravascular ultrasound guidance reported that there
was no significant difference between the two groups
in the incidence of drug discontinuation due to
adverse drug effects or laboratory test abnormalities
(Pitavastatin 2.7%, Atorvastatin 4.7%) 2.

CQ1-3: Reasons for Intolerance

Answer: Only a limited number of articles pro-
vided the reason for intolerance, with which solid con-
clusion are difficult to draw.

* Pravastatin:

(i) A cohort study of 446 dyslipidemic patients
reported that pravastatin administration was discon-
tinued in seven cases during the 12-week administra-
tion period. Specifically, discontinuation was due to
abnormalities in clinical tests in three cases and due to
adverse drug effects in four cases®.

(ii) A cohort study of 368 dyslipidemic patients
reported that pravastatin administration was discon-
tinued in 18 cases during the 12-week administration
period. Discontinuation was due to safety concerns
(adverse drug effects and abnormalities in clinical
tests) in 12 cases and due to non-safety-related issues
(changes in attending physicians, and normalization
of lipid levels) in six cases®”.

* Pitavastatin:

An RCT (CHERRY Trial) that compared

Pitavastatin and a combination of Pitavastatin and
EPA in 241 patients with stable angina and acute cor-
onary syndrome who underwent PCI with intravascu-
lar ultrasound guidance reported that the study drug
was discontinued in 8 out of 117 patients (6.8%) in
the Pitavastatin-only group. Specifically, discontinua-
tion was due to laboratory test abnormalities in one
case (AST or ALT), adverse drug effects in three cases
(myopathy: 2, bleeding: 1), and “other reasons” in

four cases®®.

CQ2: Statin Intolerance: Effect on ASCVD Preven-
tion and Prognosis

Answer: Although only a limited number of arti-
cles addressed this issue, it is possible that the protec-
tive effect of statins may be reduced in patients that
poorly adhered to statins.

* Pravastatin:

(i) An RCT (KLIS Trial) compared Pravastatin
and conventional therapy in 5,640 dyslipidemic
patients for a mean follow-up period of 5 years. This
study further divided the Pravastatin group into
groups of good adherence and that of poor adherence;
the “good adherence” group had significantly fewer
cardiovascular events than the “poor adherence” group
(Table 4)%.

* Pravastatin or Simvastatin:

(i) An RCT (Japan EPA Lipid Intervention
Study: JELIS) compared statins and a combination of
statins and EPA in 18,645 dyslipidemic patients.
When statins were administered as primary preven-
tion, patients with complete adherence to the drugs in
the control (statin alone) group had a non-signifi-
cantly lower incidence of cardiac death or myocardial
infarction (HR 0.79 95%CI 0.45-1.38, P=0.409). In
contrast, when statins were used as the secondary pre-
vention, the same group had a non-significantly
higher incidence of these conditions (HR 1.47, 95%ci
0.72-2.99)%.

CQ3: What measures are taken in order to deal with
statin intolerance (difficulty in continuing statin
administration) in the Japanese populations?

Answer: We found no articles that answered this
question.
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Table 4. Good Adherence and Poor Adherence Subgroups of the Pravastatin Group in

the KLIS Trial (ref 29)
Event Poor compliance Coronary events
(n=1,114) (n=1,105)
Coronary events
No. of events 33 32
Adjusted RR* 1.00 0.75
(90% CI) (0.68-1.48) (0.50-1.11)
Cerebral infarction
No. of events 20 27
Adjusted RR 0.83 0.74
(90% CI) (0.52-1.33) (0.48-1.14)
Coronary events and cerebral infarction'
No. of events 52 57
Adjusted RR 0.92 0.73
(90% CI) (0.68-1.25) (0.54-0.98)

RR =relative rink; CI=confidence interval.

*Based on the Cox hazards model controlling for age, serum total cholesterol, serum HDL choles-
terol, body mass index. angina pectoris, hypertension, diabetes mellitus, prior use of lipid-lowering

drugs, smoking, and alcohol use.

The uarlier event was conted in the case of concurrent occurrences.

4.3 Analysis of Safety-related Reports

Utilizing the materials (mainly post-marketing
surveillance studies) provided by pharmaceutical com-
panies that dealt statins, we analyzed the period of
statin discontinuation after the initiation of statin
therapy as well as the reasons for statin discontinua-
tion. The periods from the start of statin administra-
tion till the discontinuation were classified as follows;
A: within 12 weeks, B: within 6 months, C: within 1
year, D: over 1 year, E: unknown.

Answer: Although the number of cases analyzed
would be insufficient for estimating the incidence of
discontinuation properly, the muscle symptoms,
abnormal plasma CK levels or elevated plasma hepatic
enzymes levels which led statin discontinuation as
adverse events occurred with a frequency of between
0.3% and 1.0%, respectively. It was also found that
these adverse events took place within 12 weeks fol-
lowing the start of statin administration in many
cases.

Simvastatin
We examined 9 articles of clinical trials and post-
marketing surveillance studies. There were 1,392
patients who were administered simvastatin.
Reason for discontinuation:
* Elevated CK level alone: 2 (A, A) 0.144%
* Elevated CK level with muscle pain: 2 (A, C)
0.144%
* Rhabdomyolysis: None 0%
* Muscle pain without elevated CK level: 3 (A, A, B)
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0.216%

* Muscle-related symptoms, details unknown: None
0%
* Elevated liver enzymes: 3 (A, A, B) 0.216%

* Other symptoms: 30
* Unknown, drop out, other reasons: 25

Pravastatin

We examined 12 articles of clinical trials and
post-marketing surveillance studies; there were 5,719
patients who were administered pravastatin in these
articles. We also analyzed 3 articles which utilized
pravastatin as a control agent in comparison with ator-
vastatin, fluvastatin, and pitavastatin, respectively; in
these articles there were 421 patients administered
with pravastatin.
Reason for discontinuation:

* Elevated CK level alone: 2 (A, D) 0.035%
* Elevated CK level with muscle pain: None 0%
* Rhabdomyolysis: None 0%

* Muscle pain without elevated CK level: None 0%
* Muscle-related symptoms, details unknown: None

0%
* Elevated liver enzymes: 6 (A, A, A, D) 0.105%
* Other symptoms: 16

* Unknown, drop out, other reasons: None

Rosuvastatin

We examined 2 articles of clinical trial and post-
marketing surveillance study. There were 149 patients
who were administered rosuvastatin.
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Reason for discontinuation:

* Elevated CK level alone: 1 (B) 0.671%
* Elevated CK level with muscle pain: None 0%
* Rhabdomyolysis: None 0%

* Muscle pain without elevated CK level: None 0%

* Muscle-related symptoms, details unknown: None
0%

* Elevated liver enzymes: None 0%

* Other symptoms: 5

* Unknown, drop out, other reasons: 5

Atorvastatin
We examined 13 articles of clinical trials and
post-marketing surveillance studies. There were
29,314 patients who were administered atorvastatin.
Reason for discontinuation:
* Elevated CK level alone: 2 0.0068%
* Elevated CK level with muscle pain: None 0%
* Rhabdomyolysis: 4 0.0137%
* Muscle pain without elevated CK level: 2
0.0068%
* Muscle-related symptoms, details unknown: None
0%
* Elevated liver enzymes: 5 0.0171%
* Other symptoms: 33

* Unknown, drop out, other reasons: 11

Fluvastatin

We examined 6 articles of clinical trials, post-
marketing surveillance studies, and pharmacotherapy
outcome studies. There were 26,796 who were
administered fluvastatin.
Reason for discontinuation:

* Elevated CK level alone: None 0%
* Elevated CK level with muscle pain: None 0%
* Rhabdomyolysis: None 0%
* Muscle pain without elevated CK level: 1
0.0037%
* Muscle-related symptoms, details unknown: None
0%

* Elevated liver enzymes: 7 0.0261%
* Other symptoms: 20

* Unknown, drop out, other reasons: None

Pitavastatin
We examined 3 articles of clinical trials and post-
marketing surveillance studies. There were 6,964
patients who were administered pitavastatin.
Reason for discontinuation:
* Elevated CK level alone: None 0%
* Elevated CK level with muscle pain: 2 0.0287%
* Rhabdomyolysis: 1 0.0144%
* Muscle pain without elevated CK level: 24
0.345%

(however, whether discontinued or not was not
described)

* Muscle-related symptoms, details unknown: None

0%

* Elevated hepatic enzymes: 85 1.22%
(however, whether discontinued or not was not
described)

* Other symptoms: None

* Unknown, drop out, other reasons: None

5.The Causes of Adverse Events Associated
with Statin Use and Countermeasures

The common adverse events of statin administra-
tion were myopathy (subjective symptoms of muscle
pain and reduced muscle strength as well as laboratory
results indicating elevated serum creatine kinase
[CK]), elevated liver enzyme levels, and new-onset
diabetes®, which are explained scientifically. In addi-
tion, according to a retrospective study of over
100,000 patients who were administered statins in
clinical settings in the United States®”, administration
was discontinued due to adverse events linked to
statins in 17.4% of the subjects, and the most com-
mon reasons listed for discontinuation were, in
descending order, myopathy (7.2%), systemic symp-
toms (2.3%), and liver injury (2.1%).As indicated in
the response to the previous CQ, according to ran-
domized studies (including drug development studies)
and post-marketing cohort studies, the fact that there
are major discrepancies in the incidence of adverse
events linked to statin administration is consistent
with results obtained in Japan. The adverse events are
presented as subjective symptoms and are dependent
upon clinical test results that are susceptible to varia-
tion according to a variety of factors other than the
drug that was administered. These factors likely con-
tributed to the differences in frequency.

In this Clinical Guide, we identify myopathy,
liver injury, and the effects on glucose tolerance as
adverse events that have been linked to statin adminis-
tration, and provide a summary of what is already
known about issues that will become increasingly
focused upon in the future, including the effect of
statin administration of the central nervous system
(CNS) (including cognitive function) and the think-
ing regarding the relationship between dose and renal
dysfunction. We have created a flow chart for clinician
to lead better understandings in the management of
statin-associated myopathy and liver injury (Fig. 1).

5.1 Myopathy

5.1.1 Muscle-Related Adverse Events Linked to Statins
Muscle-related adverse events caused by statin
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‘ Start of statin therapy ‘

ﬂ up to Week 4

‘ Assessment ‘
| l
‘ Liver injury ‘ ‘ Muscle symptoms and/or elevated CK
Yes ﬂ No No ﬂ Yes
‘ Continue therapy ‘

Liver Flow Chart ‘ Muscle Flow Chart

Fig. 1-1. Recommended approaches to adverse events (myopathy, liver dysfunction) at initial statin

Step 1: When statin treatment was introduced according to clinical indications, subjective symptoms and laboratory test results (e.g., lipids,
liver function, CK) are assessed around week 4 after its start.

Step 2: If muscle symptoms and/or elevated CK levels are observed, follow the “muscle flowchart.” If liver dysfunction is observed, follow the
“liver flowchart.”

For indications of statin administration and its administered dose, see the “Atherosclerotic Disease Prevention Guidelines, 2017 Edition” and
the “Dyslipidemia Examination Guide for the Purpose of Preventing Artherosclerotic Diseases, 2018 Edition” (both: Japan Atherosclerosis
Society eds.), as well as the package inserts of the specific drugs utilized.

*Notes

— - - When selecting the second statin, it is advis-
< x4 ULN A B

able to choose statin metabolized through dif-

Muscle Flowchart x4 = < x10 ULN B c ferent pathway from that of the first, and start

x10 ULN = c D with low dose.
SAMS: Statin-related muscle symptoms (e.g., muscle pain, reduced muscle gth k ) In hlgh'HSk cases, COnSidCf SWitChing to thC

ULN: Upper limit of normal thi[‘d Statin
IE| B. C | D | - It has been reported that alternate day admin-
/)

istration may diminish muscle symptoms and

CK elevation
‘ Continuation/Dose reduction ‘ ‘ Discontinuation ‘
2-4 weeks 1 l 4-6 weeks
‘ Assessment ‘
\ 4 prgiad d \ v
Continue with statin therapy Discontinue statin therapy, consult a
or switch to another statin* specialist (lipids, neurology)

¥

‘ Consult with specialistin lipid metabolism (consider other drugs) |

Fig.1-2. Recommended approaches to adverse events (myopathy) during statin administration

- Myopathy is categorized in the A, B, C, or D groups as shown in the chart according to SAMS and CK level. CK levels may be increased as
a result of vigorous exercise and intramuscular injections, which can persist for several days. Thus, when serum CK level is found to be ele-
vated, there is a need to confirm whether the patient experienced either of the above prior to the blood test. In such cases, it is advisable to
have the patient remain in a rested state as much as possible for several days and repeat the blood test. Other risk factors associated with
myopathy onset include: Being an elderly female, short stature, Asian descent, renal dysfunction, hypothyroidism, excessive alcohol con-
sumption, and surgery. Concomitant drugs that require particular attention include: azure-based anti-fungaldrugs that are antagonists to the
drug metabolism system, macrolide antibiotics, protease inhibitors (anti-viral agents), verapamil, diltiazem, amiodarone, warfarin, and
cyclosporine (ref 33).

- Proceed according to the relevant flowchart. See the text of the current Guide for details regarding the specific ways of handling each cate-
gory. As a general rule, the follow-up period for categories B and C are 2-4 weeks and 4-6 weeks, respectively, but following-up on patient
progtess more frequently may be appropriate.
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Liver Flow Chart il 2x UL B

ULN: Upper Limit of Normal

v

}

*Notes
! * When selecting the second statin, it is advis-
B able to choose statin metabolized through dif-
ferent pathway from that of the first, and start
with low dose.
-In high-risk cases, consider switching to the
third statin
- It has been reported that alternate day admin-
istration may diminish enzyme elevation

C

Consider the following

Discontinue statin immediately

Discontinue statin
Switch to another statin*
Consult with a hepatologist

2-4 weeks

Assessment

T

X

y

A] [Bc

‘ Consult liver specialist |

!

¥

Continue statin therapy or
switch to another statin*

Consult a lipid metabolism specialist
(consider another agent)

| Go to B and C above ‘

Fig.1-3. Recommended approaches for adverse events (liver dysfunction) during statin administration

- Liver dysfunction is categorized into A, B, and C groups as shown in the chart according to ALT level and T-bil level

- See the flowchart for each for approaches.

- Simultaneously check for complications with acute diseases that may cause liver dysfunction such as acute viral infection and hepatobiliary
diseases as well as concomitant drugs that may cause liver dysfunction.

therapy present with a large number of muscle-related
symptoms, including those identified through labora-
tory test abnormalities. Guidelines released by a vari-
ety of academic associations in Europe and the United
States outline the various ways of dealing with muscle-
related adverse events, but they are not consistent in
their guidance® *3?. Moreover, there are no standard-
ized guidelines tailored to Japanese patients, and as a
result issues such as statin therapy discontinuation,
dose reduction, and resumption of statin therapy have
been left up to each individual attending physician. As
a result, it can be assumed that that are a large number
of patients who have been identified as being statin
intolerant due to muscle-related adverse events.

One reason for the lack of consensus on how to
handle muscle-related adverse events is that there is no
established definition of what constitutes a “muscle-
related symptom.” For example, a term of “myopathy”
sometimes indicates all symptoms linked to muscles,
including muscle pain (broad sense); however, some-
times it indicates reduced muscle strength in the
extremities and trunk (narrow sense) depending upon
physicians. This Clinical Guide use the latter defini-
tion of the term “myopathy” (the narrow sense).

Several possible mechanisms have been associated
with the cause of muscle-related adverse events, but
they are focused on metabolic abnormalities of intra-
cellular mitochondria®. In addition, a large number of

risk factors have been identified, including being an
elderly female, having a small physique, being of Asian
descent, renal dysfunction, hypothyroidism, muscular
disease, excessive alcohol consumption, overexertion,
and surgery®”. Those who are taking drugs related to
the metabolism of the drug-metabolizing enzyme
cytochrome P450 (CYP3A4) and those with genetic
polymorphism of the solute carrier organic anion
transporter family member 1B1 (SLCO1B1) are also
at risk of muscle-related adverse events linked to
statins.

Under these circumstances, clinicians who are
relatively unfamiliar with muscle diseases require
guidelines for easily judging in the management of
statin intolerance. Based on the statement of the Euro-
pean Atherosclerosis Society”, we created a Guide
(proposed) to use in assessing muscle-related adverse
events based on symptoms and laboratory test results
separately that can be combined to identify a course of
action.

5.1.2 Statin-Associated Muscle Symptoms
Statin-associated muscle symptoms (SAMS)
include all muscle symptoms that appear as a result of
statins. They include subjective symptoms such as
muscle pain, or stiffness, as well as muscle discomfort.
These symptoms show no bilateral differences in the
trunk and proximal extremities and appear in rela-
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tively large muscles. There are two severe forms: Rhab-
domyolysis and reduced muscle strength in the trunk
and extremities (the narrow sense of myopathy). It is
important to identify subjective symptoms such as
“head feels heavy,” “cannot raise arms,” “can’t squat
down and stand up.” Objective assessment is per-
formed using manual muscle testing as a part of a
neurological examination. It is likely that some
patients cannot give muscle strength due to muscle
pain.

SAMS appear within 4-6 weeks after the start of
statin administration, but in rare cases muscle symp-
toms may appear several years later. People who are
very physically active are susceptible. When increasing
the statin dose or switching to another statin, new
SAMS may appear. In many cases SAMS may appear
soon after statin administration is resumed after tem-
porary cessation® 3%,

5.1.3 Serum Creatine Kinase

CK is an enzyme that is involved in energy
metabolism when muscles contract. It mediates the
production of creatine phosphate and ADP from cre-
atine and ATP. CK is a protein dimer formed from
two sub-units. The three types of CK (MM, BB, MB)
that are formed from combinations of B (brain-type)
and M (muscle type) are isozymes. Since skeletal mus-
cle has large amounts of MM-type and cardiac muscle
has large amounts of MB-type, it is necessary to ana-
lyze the isozyme ratios in case of elevated CK.

Normal levels of serum CK that are correlated to
muscle bulk are 50-200 IU/L in males and 40-170
IU/L in females, respectively. Since there are large
amounts of CK in skeletal muscle, the CK level
increases as a result of vigorous exercise or intramuscu-
lar injection and the effects last several days. When
serum CK levels are found to be elevated, it is neces-
sary to confirm whether the patient experienced either
of these (vigorous exercise or intramuscular injection)
prior to the blood test. Have the patient remain in a
rested state as much as possible and repeat the blood
test at a later date. However, as there is no clear crite-
rion for determining of elevated CK levels, it is usually
accepted to determine through comparison with the
upper limit of normal (ULN) indicated by the guide-
lines published by academic associations in Europe
and the US.

When using a statin for the first time or when
resuming administration after a washout period, the
serum CK level should be measured prior to the first
administration. Hypothyroidism or undiagnosed
myopathy may be cause of asymptomatic high CK
levels. It is advisable to measure serum CK levels ini-
tially at four weeks after the start of statin therapy and
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thereafter on an intermittent basis.

As there is no clear criterion for determining
whether CK levels are elevated, in many cases a stan-
dard is determined through comparison with the
ULN indicated by the guidelines published by aca-
demic associations in Europe and the US. Although
4x, 10x, and 40x ULN are used as criteria?, there is
no clear evidentiary support for these criteria, and as a
result they are considered merely a rough guide. CK
levels of under 4x ULN are considered mild elevation
(Iess than approximately 500 IU/L), levels between =
4x and under 10x ULN are considered moderate ele-
vation (approx. =500 [U-2,000 IU/L), and levels of
10x or higher are considered severe elevation (approx.
2,000 TU/L or higher). The approach to be taken

should take these divisions into account®’.

5.1.4 Countermeasures

Assessment of muscle-related adverse events
linked to statins are organized into four categories (A,
B, C, D) based on the serum CK level and whether
SAMS are present (Fig. 1).

Classification of the category

(i) Category A: Serum CK is under 4x ULN
without SAMS. Normal or abnormality with test data
only.

(ii) Category B: Serum CK 4x or higher but
under 10x ULN without SAMS, or serum CK under
4x ULN with SAMS.

(iii) Category C: Serum CK level is 10x or more
and without SAMS, or serum CK level is 4x or higher
but under 10x ULN with SAMS.

(iv) Category D: Serum CK level is 10x or more
ULN with SAMS.

Judgment and Management

(i) Category A: statin continuation possible.

(ii) Category B: considered a mild muscle-related
adverse event. If the patient can tolerate the SAMS,
continue statin therapy, or the dose may be reduced.
However, after 2-4 weeks repeat assessment. If patient
is in Category A or B, treatment may be continued,
but if in Category C or D, treatment is discontinued.
Also, if the patient is unable to tolerate the SAMS,
discontinue drug administration for a period of 4-6
weeks. Repeat the assessment before resuming admin-
istration with a different statin. If Category A or B,
treatment may be resumed with another statin, but if
the patient is in danger of worsening to Category C or
D, discontinue statin therapy.

(iii) Category C: This is considered a moderate
muscle-related adverse event. In cases in which there is
a great need to continue statin therapy, continue statin
administration or reduce the dose. In cases in which it

is determined that there is a high likelihood that the
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muscle-related adverse event may worsen, repeat the
assessment in 2-4 weeks or sooner. If the patient
improves to Category A or B, continue therapy. If the
patient is in Category C or D, discontinue therapy. If
the patient is unable to tolerate the SAMS, discon-
tinue administration for 4-6 weeks. Repeat the assess-
ment before resuming administration with a different
statin. If the patient improves to Category A or B,
resume administration with another statin. If at Cate-
gory C or D, discontinue therapy and consult with a
specialist in lipid metabolism for information on lipid
management.

(iv) Category D: This is considered a severe mus-
cle-related adverse event. Discontinue statin adminis-
tration immediately and remain aware of the risk of
rhabdomyolysis or myopathy. Particularly in cases in
which rhabdomyolysis onset occurs, treatment must
be started immediately. Consult with a specialist in
lipid metabolism regarding lipid management and the
possibility of using another statin.

5.1.5 Severe Muscle-Related Adverse Event

Although an infrequent muscle-related adverse
event, any time an extremely severe situation is identi-
fied, treatment must commence immediately.

(i) Rhabdomyolysis: Damage to striated muscle
causes the muscle tissue to breakdown and eventually
develop into necrosis. One cause of this condition is
statins®®. While only 0.001% of patients being treated
with statins develop rhabdomyolysis, it can be fatal if
left untreated. The symptoms progress over the course
of only a few days and symptoms include widespread
muscle pain, pain when gripping, fatigue, reduced
muscle strength, and fever. Often serum CK levels are
40x or more over ULN (approx. 10,000 IU/L or
higher). Whether or not the patient presents with red
urine (cola-colored urine), the disease presents as myo-
globinuria without red blood cells in the urine sedi-
ment test results. Particular attention must be paid to
the possibility of acute kidney failure. In addition to
cessation of statin administration, the patient requires
rest and sufficient amounts of fluid replacement.

(ii) Statin-associated myopathy: Reduced muscle
strength in the extremities and trunk progresses over
several months regardless of the fact that statin admin-
istration was discontinued. Statin-associated myopa-
thy, including immune-mediated necrotizing myopa-
thy, which is one of an inflammatory myopathy (myo-
sitis), is identified through detection in the patient’s
blood serum of auto-antibodies against 3-hydroxy-3-
methylglutary-coenzyme A reductase (HMGCR)?". It
is particularly common among elderly individuals. On
average, the serum CK levels are approximately 5,000
IU/L. It is urged to consult with a neurologist and

make a definitive diagnosis based on muscle MRI,
needle EMG, and muscle biopsy.

Anti-HMGCR antibodies are not detected in
patients who are asymptomatic with elevation of CK
levels during statin administration. Therefore, it can
be expected to be useful as a biomarker for the diag-
nosis of statin-associated myopathy (the test for this
antibody is not currently covered by the Japanese
health insurance system)3®. Treatment of statin-associ-
ated myopathy consists of discontinuation of the cul-
prit drug and corticosteroids. In general, the therapeu-
tic response is favorable, and muscle strength returns
gradually over several months.

5.2 Liver Injury

In Japan, six types of statins are used against
hypercholesterolemia and elevated LDL cholesterol.
These six stains are associated with mildly to moder-
ately elevated transaminase levels, and according to a
large-scale study conducted in Europe and the US, in
many cases they appear in 0.5% to 2.0% of cases
within the first three months of administration. Sys-
tematic meta-analyses of 135 RCTs that included a
total of 246,000 patients reported that statins have
approximately 50% higher risk of elevated transami-
nase levels than controls and placebos, and that in the
cases of Atorvastatin, Rosuvastatin, and Simvastatin,
the enzyme elevations are dose-dependent®*". How-
ever, the overall frequency of 0.5% to 2.0% was nearly
the same as that for the placebo. Since liver enzyme
levels decline in many cases even if therapy is contin-
ued, it is not considered as a clinical problem42>. Statin
prescriptions have been increasing since the late
1990s, but no cases of severe liver injury due to statins
are listed in the FDA Adverse Event Reporting System
database. Recently, the US National Lipid Associa-
tion’s Statin Safety Task Force concluded that liver
toxicity due to statins is extremely rare*?).

On the other hand, in rare cases clinically clear
cases of acute liver injury are presented. An analysis of
49 trials that included a total of 14,000 patients
reported that incidence of ALT levels over 3x ULN
was broken down as follows: Atorvastatin 10 mg:
0.1%, 80 mg: 0.6%, Placebo: 0.2% Y. Although there
are many reports of liver injury due to Atorvastatin
and Simvastatin, there are few in case of Pravastatin
and Pitavastatin. Moreover, liver injury occurs at vari-
ous time points, and it has been known to occur even
six months after the initiation. Liver injury can be
consequence of hepatocellular injury or cholestasis,
and autoimmune hepatitis has occurred in some cases.
Particular care is required when administering statins
to patients with type B hepatitis* or primary biliary
cholangitis (PBC; formerly known as “primary biliary
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cirrhosis™) 4.

The mechanism of onset of idiosyncratic drug-
induced liver injury (IDILI) remains unknown, but it
is thought that drugs or their intermediate metabolites
and host proteins combine to form an adduct, which
causes disease onset through an immune response trig-
gered by T cells that detect neoantigens®. It is also
thought to somehow modify the injury by transporter
inhibition, mitochondria damage, endoplasmic reticu-
lum (ER) damage and oxidative stress, inflammatory
cytokines and so on. However, although diagnosis is
often performed using the scoring diagnostic method,
as there is no specific diagnostic method currently
available, there is no alternative but to rely upon
expert opinion at present*”).

From the perspective of statin intolerance, when
Hy’s Law**9, which estimates that there is a 10% risk
of death/liver transplantation based on a large-scale
drug-induced liver injury database, reaches ALT > 3 X
ULN, total bilirubin > 2 X ULN (direct dominance)
or above should be able to be set as the level at which
a physician should consider consultation with a hepa-
tologist.

Countermeasures

Although mild liver injury due to statins some-
times occurs during treatment, in many cases it is
temporary and the patient recovers even if administra-
tion continues at the same dose. Although rare, liver
failure and auto-antibody-positive autoimmune hepa-
titis sometimes does occur. Thus, using ALT > 3 X
ULN, total bilirubin > 2 X ULN as a guide, in addi-
tion to discontinuing drug administration and con-
sulting a hepatologist, it is also recommended that the
physician consider switching to another statin.

5.3 Central Nervous System-Related Adverse Events
5.3.1 Effect on Cognitive Function
5.3.1.1 Background

In 2001, a 51-year-old man gradually developed
a memory disorder after Simvastatin administration’".
After switching to Pravastatin, the symptom was dis-
appeared. A woman who was administered Atorvas-
tatin and another woman who was administered Ator-
vastatin, then it was switched to Simvastatin both
developed cognitive impairments temporarily’?.
According to the cumulative results of 60 patients of
memory impairment related to statins by the US FDA
MedWatch pharmaceutical Surveillance System from
1997 to 2002, 36 of the 60 patients developed the
condition by Simvastatin, 23 by Atorvastatin, and 1
patient by Pravastatin. Fourteen of 25 patients (56%)
showed improvement in symptoms after discontinua-
tion of statin. In four cases, the same symptoms
occurred after restart of statin. However, none of the
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cases underwent assessment of cognitive function®?.

Upon receiving these reports, in 2012 the The
U.S. Food and Drug Administration (FDA) has
approved important safety label changes for the
statins>. The additions were to mention the informa-
tion about the potential for generally non-serious and
reversible cognitive side effects (memory loss, confu-
sion, etc.). According to the FDA, these symptoms
occurs within one year after the start of statin and dis-
appears after statin discontinuation. Thus, they do not
constitute permanent and progressive forms of demen-
tia such as Alzheimer’s disease (AD)>?.

When this is reported by the mass media, rumors
have risen that statins cause cognitive deterioration®”.
However, in Japan there is no report of cognitive
decline due to statin. Compared to the USA and
European countries, low doses of statins are used in
Japan and other differences may be involved>®.

5.3.1.2 The Mechanism of Onset of Statin-Associated
Cognitive Impairment

The important point to keep in mind when con-
sidering the onset mechanism of statin-related cogni-
tive impairment is that lipid-soluble statins such as
Atorvastatin and Simvastatin are more likely to pass
through the blood brain barrier than water-soluble
statins such as Pravastatin and Rosuvastatin. In fact,
59 out of 60 cases that developed cognitive impair-
ment by lipid-soluble statins®?.

The following two mechanism are assumed: #1
Decreased cholesterol levels by statins causes damage
to the soundness of neurons and glial cells, which in
turn delays neurotransmission. #2 Remyelination is
delayed by statins®”. In addition, reduced Coenzyme
Q10 levels by statin may cause disturbed mitochon-
drial function, which in turn causes increased oxida-
tive stress”®.

5.3.1.3 Systematic Review Results

According to many systematic reviews evidence
does not support the increase in dementia due to the
use of statins. In the meta-analysis of 27 cognitive-
function evaluated studies (3 RCT, 16 observational
studies, 4 case controls and 4 cross-sectional studies),
it was emphasized that there was at least no adverse
effect on cognitive function by statin as FDA is con-
cerned, even the evidence level is insufficient
(Fig.2)*”. In addition, Swiger et al. conducted a sys-
tematic review®” based on data listed on MEDLINE,
EMBASE, and the Cochrane Center Register up to
April 25, 2013. Their analysis divided the patients
into short-term administration (within 1 year) and
long-term administration (1 or more years). On 296
individuals in the short-term group were analyzed by
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Study, Year (Reference) Events/Total, n/N

Statin Users Nonusers
Dementia
Rea et al, 2005 (17) 466/2798
Zandi et al, 2005 (13) 8/481 174/2816
Szwast et al, 2007 (15) 3/250 29/742

Woloozin et al, 2007 (14)* 3361/835 049

Smeeth et al, 2009 (16) 407/129 288 4765/600 241
Hippisley-Cox and Coupland, 2010 (19)* 8784/2 004 692
Beydoun et al, 2011 (20) 252/1560
Parikh et al, 2011 (18) 5316/151 467 9264/226 371
Ancelin et al, 2012 (22)* 483/7056
Bettemann et al, 2012 (21) 523/2587
Random-effects model
Alzheimer disease
Rea et al, 2005 (17) 237/2798
Zandi et al, 2005 (13) 4/481 98/2816
Arvanitakts et al, 2008 (30) 16/119 178/810
Smeeth et al, 2009 (16) 43/129 288 682/600 241
Sparks et al, 2008 (27) 4/727 20/1243
Haag et al, 2009 (29) 466/6992
Lietal, 2010 (28) 263/3031
Beydoun et al, 2011 (20) 178/1561
Ancelin et al, 2012 (22)* 332/6859
Bettemann et al, 2012 (21) 353/2587
Random-effects model
Mild cognitive impairment
Yaffe et al, 2002 (34) 37/583 42/454
Cramer et al, 2008 (35) 28/452 102/1222
Sparks et al, 2008 (27) NA
Beydoun et al, 2011 (20) 133/1308

Random-effects model

3359/394 739
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Fig.2. Risk ratio obtained from prospective studies of the relation between statins and Alzheimer’s disease/mild cognitive impair-

ment (ref 59)

using the Digital Symbol Substitution Test (DSST).
The results indicated that there was no clear difference
between the statin group and placebo group. Analysis
of the effect of long-term administration of statins (3
years—24.9 years) via three studies indicated that there
was no difference between the statin administration
group and the non-statin administration group in
terms of the frequency of newly onset of dementia. In
contrast, 5 studies reported that statin administration
has a preventative effect on newly onset of dementia.

An analysis of cumulative results reported that the fre-
quency of dementia in the statin group was 29%
lower than non-statin group (hazard ratio: 0.71;
95%CI 0.61-0.87). Based on these data, the authors
concluded that short-term statin administration does
not cause a cognitive decline and that long-term statin
administration has a preventative effect on new onset
of dementia. However, a randomized clinical trial
LEADe (Lipitor’s Effects in Alzheimer’s Dementia)
reported that approximately 18 months of Atorvas-
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Heterogeneity: Tau®=0.06; Chi*=13.34, df=6 (P=0.04); I°=55%

Teat for overall effect Z=2.78 (P=0.005)

Fig.3. Statin and Depression (Meta-analysis) (ref 65)

tatin administration to the mild to moderate AD was
unable to improve the cognitive function®”. There-
fore, it is not conclusive as to whether the statin has a
prophylactic effect against AD and other types of

dementia®?.

5.3.1.4 Countermeasures when Patients taking Statins
Experience Cognitive Impairment

If it was suspected that cognitive impairment is
related to statins, a neuropsychological examination
(e.g., Hasegawa Dementia Scale-revised (HDS-R), or
Mini-Mental State Examination (MMSE)) should be
conducted. If necessary, the physician should consider
gradual discontinuation of statin or switching to
another type of statin, e.g. a water-soluble statin. Since
frequency is extremely rare, it is not necessary to per-
form neuropsychological examinations of all patients
being administered statins®?.

5.3.2 Depression
5.3.2.1 Background

In the 1990s, there were reports that increased
depressed mood, aggressiveness, and suicide by diet
therapy to reduce cholesterol levels and drugs other
than statins. Based on these reports, studies were con-
ducted to study the relationship between statins and
depression. A randomized double-blind study reported
that patients being administered Simvastatin showed
increased occurrence of depression and somatiza-
tion®®, However, the relationship between statins and
depression remains controversiale®, as it has been
reported that statins protect depression as well as there
is no correlation between statin and depression.
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5.3.2.2 The Mechanism of Statin-Induced Depression
One hypothesis is that low cholesterol level in
the serum leads reduced cholesterol level in the brain,
which in turn has a negative effect on the neurotrans-
mission function of the CNS. This then causes
decreased serotonin activity, leading to depression.

5.3.2.3 Systematic Review Results

According to seven high-quality observational
studies that comprised a total of 9,187 participants,
statin administration prevents depression (odds ratio:
0.68; 95%CI 0.52-0.89; Fig. 3). Statins are considered
to reduce several factors that inducing depression

including oxidative stress and inflammatory cyto-
kines®.

5.4 Effect on Glucose Tolerance
5.4.1 The Effect of Statins on the Onset of New
Diabetes

According to cardiovascular event prevention tri-
als (e.g., PROVE-IT, JUPITER Trial), statin adminis-
tration increases the incidence of new diabetes® . A
meta-analysis also indicated that statins increase the
incidence of new diabetes®®. A meta-analysis of five
large-scale randomized comparative studies of the
effects of statin dose reported that high statin doses
increased the risk of diabetes onset more than moder-
ate doses®. A retrospective analysis conducted in
Japan” reported the same results, which suggests that
the statin dose is involved the onset of new diabetes.
However, a comparison of Pitavastatin 1 mg and 4 mg
did not find a significant difference in the incidence of
new diabetes”".

It is not clear if there are any differences related
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to type of statin, but the PROVE-IT trial that com-
pared the results obtained from administration of
Pravastatin 40 mg and Atorvastatin 80 mg found that
the Atorvastatin group showed significantly elevated
HbA1c levels. In addition, high doses of statins caused
higher incidence of new diabetes than low doses,
which indicates the possibility that the effect on new
onset diabetes may differ from one statin to another’”>7?.
Data obtained in Japan also indicates that the high-
strength statin group had a significantly higher risk of
onset than the low-strength statin group’. In addi-
tion, long-term statin use on patients at high risk of
diabetes onset causes significantly more diabetes
onset’””. According to post-marketing surveillance
data, fatty liver and hyperuricemia are risk factors for
diabetes onset®.

5.4.2 Effect on Diabetes Patients’ Blood Glucose Level
Control

There have been few studies of the effect of statin
drugs on diabetes patients’ blood glucose level control,
and no large-scale clinical trials have been conducted.
A study of Japanese type 2 diabetes patients reported
that in comparison to the Pravastatin 10 mg group,
the Atorvastatin 10 mg group had poorer HbAlc lev-
els (approx. 0.4%) at three months’”. The same anal-
ysis indicated that Pitavastatin did not cause worsen-
ing of HbAlc levels’®. This suggests that high-
strength statins such as Atorvastatin are more liable to
cause deterioration in glucose tolerance than low-
strength statins”.

Even among high-strength statins there may be
different effects on glucose tolerance. The CHIBA
Study that prospectively compared Atorvastatin and
Pitavastatin reported that its sub-analysis of diabetes
patients found significantly worse glycoalbumin levels
in the Atorvastatin group®”. Moreover, a non-blinded
crossover study of Pitavastatin and Atorvastatin
reported that HbAlc levels were significantly lower in
the Pitavastatin group®’. Thus, although statin
administration to diabetes patients may have a nega-
tive effect on blood glucose levels, the data suggests
that this effect on blood glucose levels differs from
statin to statin.

5.4.3 Mechanism
Insulin Receptors and Insulin Secretion

The effect of statins on insulin receptors is not
uniform. According to a meta-analysis conducted by
Baker ez al., Pravastatin significantly improves sensitiv-
ity, while Atorvastatin and Rosuvastatin reduce sensi-
tivity slightly and Simvastatin significantly reduced
sensitivity®?. Also, Atorvastatin causes insulin sensitiv-
ity to worsen more than Pravastatin, but it may be

that the difference between hydrophilic and hydro-
phobic types may cause different statins to have differ-
ent tissue migrating properties, which in turn may
have an effect on sensitivity””. Atorvastatin suppresses
a glucose transporter (GLUT4) in fat cells, which is
thought to reduce the intake of glucose®. However,
the data suggest that this inhibitory action on GLUT4
may be caused by suppression of the expression of the
Rab4 RhoA, which is a small G protein®”. Similarly,
hydrophobic Simvastatin suppresses the secretion of
blood glucose dependent insulin by interfering with
the Ca channel. It has also been reported that the fact
that it has over 100 times the affinity for cell mem-
branes also plays a role®.

A study of HMGCR SNP reported that
HMGCR inhibition is strongly correlated to body
weight gain and that this may be related to increased
risk of the onset of new diabetes®®.

5.4.4 The Preventative Effect of Statins on
Cardiovascular Disease and Onset of New Diabetes

Although it has been shown that statins increase
new diabetes onset, the absolute risk is low (over five
years: placebo 1.2%, Rosuvastatin 1.5%)*”. In addi-
tion, a meta-analysis of 13 randomized comparative
studies reported that when statin therapy was admin-
istered to 255 individuals over a four-year period, one
individual developed new onset diabetes but onset of
cardiovascular events was prevented in 5.4 individu-
als®®.

Therefore, since statin administration increases
inhibitory effect on cardiovascular events, discontinu-
ation of statin administration is not recommended for
high-risk patients??.

5.4.5 Conclusion

1) Statins significantly increase new onset diabe-
tes.

2) Increased new onset diabetes due to statins is
dose-dependent, which suggests that high-strength
statins are more likely to cause increases.

3) Although the effects that statins have on new
onset diabetes and blood glucose levels may differ
according to type of statin, the evidence for this is lim-
ited and, as a result, no consensus currently exists.

Based on the above, when administering statins,
it is necessary to monitor the patient for new onset
diabetes and negative effect on glucose control. Since
statins protect against cardiovascular events even when
new onset diabetes or poor glucose tolerance are
caused, discontinuation of administration in such
cases is not recommended. However, dose reduction,
switching to another statin, and administration of a
concomitant drug may be considered.
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5.5 Statin Administration to Patients with Renal
Impairment

Chronic kidney disease (CKD) is considered an
important risk factor for ASCVD. Although statin
administration to CKD patients is increasing, the
adverse events that are caused by statin administration
are known to increase as kidney function decreases.
Based on previously obtained data, high-dose statin
administration is not recommended for CKD patients.
What follows below is the evidence for this conclu-
sion.

The myoglobins that enter the bloodstream as a
result of the breakdown of skeletal muscle cause
marked declines in blood flow in the glomerulus. As a
result, acute kidney injury can occur as a severe com-
plication of rhabdomyolysis. Generally, kidney func-
tion gradually declines by age, and there are many
reports of rhabdomyolysis among patients with
reduced kidney function. Thus, particularly in the
case of elderly patients, it is recommended that great
care be practiced when administering statins (the
package inserts of all types of statins include the warn-
ing to “administer with great care”).

The package inserts of some types of statins indi-
cate that the risk and deterioration of rhabdomyolysis
is increased in CKD patients (stage 3 or higher CKD,
or Ccr <30 mL/min), or cases in which there are ele-
vated blood concentrations of statin or elevated AUC
levels®* ¥ In general, the dose setting recommended
when kidney function is reduced is linked to each
stage of CKD. Admnistration of Atorvastatin and Flu-
vastatin in patients with renal impairment is relatively
tolerable, and it has been reported that usual doses
may be used even in cases of severe renal impairment
of stage 4 or higher®®. In contrast, comparisons with
healthy volunteers have shown that Pitavastatin had a
half-life that is twice as long and that Rosuvastatin
causes AUC to increase three-fold in the renal impair-
ment patients. As a result, they are not recommended
for administration of Pitavastatin and Rosuvastatin to
CKD patients. When they are used, the patient should
be started on the minimum dose and all use should be
restricted to low doses®”.

The hepatic sinusoidal organic anion transporter
(the aforementioned OATP1B1 that is encoded by the
SLCO1B1 gene) detects a variety of compounds
including hepatic metabolites contained in a variety of
statins and some endogenous waste, and it mediates
the uptake of these into liver cells. Investigation of the
uptake rate of anionic drugs as mediated by
OATP1BI1 has shown that drugs that are bound to
albumin have a higher uptake rate than unbound
drugs in the blood due to higher affinity. Therefore, in

liver cirrhosis patients and CKD patients, who have

390

lower serum albumin concentrations, it is assumed
that the rate at which statin uptake into liver cells
mediated by OATP1B1 is slower. In addition, genetic
polymorphism in OATP1B1 gene was found to asso-
ciate with the interindividual variation of statin phar-
macokinetics. For example, the frequency of the
patients carrying homozygotes of *15 genotypes of
OATPIBI causing reduced function is about 3% of
the Japanese population. Furthermore, whole genome
analysis has elucidated the fact that SLCO1BI
(OATPIBI) genetic polymorphism is a main factor
involved in the Simvastatin-induced muscle pain”?.
Some uremic toxins that accumulate in the blood of
CKD patients (e.g., indoxyl sulfuric acid) have a pow-
erful inhibitory effect on the uptake of statins into
liver cells via liver OATP1B1. Thus, it is assumed that
interaction between endogenous compounds con-
tained in uremic toxins and the uptake process into
liver cells causes the amount of statin exposure to
increase in conjunction with elevated blood statin lev-
els? 9. Moreover, the functional activity of hepatic
drug transporters is uniformly reduced in the presence
of advanced renal dysfunction® °?. Thus, based on an
amalgamation of all these data, it is recommended
that statin use on CKD patients be restricted to low
doses while simultaneously performing periodic kid-
ney function tests to determine whether intermittent
dose reductions are allowable.

Based on the above, the maximum statin doses
are not recommended for high LDL-C level patients
with CKD.

6. Future Issues and Summary

As mentioned in the answers to the CQs, avail-
able data regarding Japanese patients with statin intol-
erance is insufficient. Therefore, further study is inevi-
tably required to answer: CQ1-2: Is there any differ-
ences in this frequency among various type of statin?,
CQI1-3: What are the reasons for and frequency of
statin intolerance (difficulty in continuing statin
administration) in Japanese patients?, CQ2: Does
statin intolerance (difficulty in continuing statin
administration) in Japanese patients have an effect on
atherosclerotic cardiovascular disease prevention and
their prognosis?, and CQ3: What measures are taken
to deal with statin intolerance (difficulty in continu-
ing statin administration) in Japanese patients?

Considering the fact that increased age is the
most important risk factor for ASCVD and that Japan
is rapidly becoming a “super-aging society”, it would
be advisable to include a new CQ stated as, “Is there
any necessity to manage statin treatment for elderly
patients differently from non-elderly patients?”
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Issues to be investigated as the next step are as
follows. Firstly, mechanism of statin-associated myop-
athy, the main cause of statin intolerance, should be
investigated extensively. Since the definitions of statin
intolerance previously utilized in Japan were not con-
sistent, it was difficult to obtain appropriate cases sub-
jected to systematic survey. The establishment of uni-
form definition of statin intolerance by current Guide
allow researchers and physicians to enroll suspected
cases with consistent clinical presentation. A multidis-
ciplinary approach applied to such cases can be
expected to uncover the mechanism conferring statin-
associated myopathy among Japanese. Secondly, pro-
spective cohort study of patients treated with statins,
including those utilizes the recent “big data study
method”, appears to have some promise. Among Japa-
nese population, the incidence of cardiovascular events
is lower (one third to fifth) than that of Western coun-
tries, and therefore population-specific strategy should
be considered. Previous study has identified the HLA
genotype specific for people of Asian descent as play—
ing an important role in statin-associated myopathy'?,
and therefore high expectations should be placed on
joint studies conducted with other Asian countries.
Thirdly, we believe it is advisable to distribute knowl-
edge of the nocebo effect that was identified in statin-
associated myopathy'V. This would be an essential
step toward accurate patient-physician discussion
about benefit / risk of statin treatment including the
issue whether the symptoms observed truly indicate a
statin-induced adverse event.

In conclusion, we propose that “statin intoler-
ance” be defined as “in the individual case treated with
statins for the first time, in whom statin continuation
becomes difficult due to an adverse event (e.g., ele-
vated muscle enzymes, deteriorated renal function,
abnormal liver function test results, subjective symp-
toms suggesting statins as the cause like myopathy)
upon initial statin administration, and those adverse
events were again observed by at least one another
statin.” We also recommend to follow the flow charts
shown in Figure 1 in the initiation of statin treatment.
The current clinical guide is characterized differen-
tially from those published from Europe and the
United States*”® by its inclusion not only myopathy,
but also adverse events related to liver dysfunction
(hepatopathy), which also is prevalent adverse event
like myopathy. Current Guide was prepared based on
data that was available as of July 2018.
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