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ABSTRACT

Risk of Diabetes in Patients Treated with
HMG-CoA Reductase Inhibitors

Yongin Cho

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Eun Seok Kang)

Inhibitors of  3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
reductase (statins) are used to control blood cholesterol levels and reduce
cardiovascular disease. It has been repeatedly reported that statins may cause
new-onset diabetes mellitus (DM). However, limited evidence exists from direct
head to head comparisons of statins on whether the risk of DM differs among
statins. We investigated the risk of development of new-onset diabetes in
subjects treated with different statins.

Our study enrolled 1,160 patients without DM or impaired fasting glucose
(IFG) who were receiving statin treatment for cholesterol control. We evaluated
the incidence of new-onset diabetes according to the type of statin. The mean
duration of follow-up was 54.6 + 10.6 months. The incidence of DM was
significantly higher in the pitavastatin group (10.7%) compared to that in the
other statin groups [atorvastatin (4.0%), rosuvastatin (6.1%), simvastatin (4.1%),

and pravastatin (3.7%); p=0.003]. The risk of diabetes was the highest in the
1



pitavastatin group compared with that in the atorvastatin group [hazard ratio
(HR)=2.68, p=0.004]. Other statins showed no significant risk differences
compared to that for atorvastatin. Fasting blood glucose level at baseline was
associated with the development of diabetes (HR=1.06, p=0.031). Other factors
including age, gender, body-mass index, duration of statin use, and total
cholesterol level at baseline showed no association with the development of
DM.

Among the five statins, pitavastatin showed the strongest effect on the

development of new-onset diabetes.

Key words : HMG CoA reductase inhibitors, statin, diabetes mellitus,
hypercholesterolemia
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I. INTRODUCTION

Statins [inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase] are widely used to prevent cardiovascular disease (CVD) by
lowering serum cholesterol®. Recently, the use of statins was addressed in the
JUPITER (Justification for the Use of Statin in Prevention: An Intervention
Trial Evaluating Rosuvastatin) trial, which was a randomized, double-blind,
placebo-controlled, and multicenter trial. The trial outcome showed that use of
rosuvastatin for the prevention of CVD induced an increase in the development
of new-onset diabetes mellitus (DM)?. Several other studies have reported
similar results. In the ASCOT-LLA (Anglo-Scandinavian Cardiac Outcomes
Trial — Lipid Lowering Arm) study, atorvastatin provided significant reductions
in major cardiovascular events. However, the incidence of new-onset DM also
increased compared with that in the placebo group [3.0% in the atorvastatin
group vs. 2.6% in the placebo group; hazard ratio (HR)=1.15; 95% confidence

interval (CI), 0.91-1.44; p=0.25]°. The heart protection study (HPS) study



revealed that simvastatin reduced the incidence of first major vascular events in
diabetic patients, but it increased the risk of development of hew-onset DM (4.6%
in the simvastatin group vs. 4.0% in the placebo group, p=0.10)*. In the
PROSPER (Prospective Study of Pravastatin in the Elderly at Risk) study, 40
mg of pravastatin increased the risk of new-onset DM by 32% [6.6% in the
pravastatin group vs. 5.1% in the placebo group; odds ratio (OR)=1.32; 95% ClI,
1.03-1.69)°°. In these studies, statins increased the risk of development of DM,
although the results were not statistically significant in all the studies. However,
the WOSCOPS trial (West of Scotland Coronary Prevention Study) suggested
that pravastatin lowered diabetes risk by 30%’.

Statin treatment has been shown to modestly increase the risk of diabetes
compared with that for placebo according to a recent meta-analysis®. Although
statins share a similar mechanism of action, there are differences in chemical
structure, metabolism, lipophilicity, and lipid-lowering potency. Several studies
compared the diabetogenic effects among several types of statins. However,
only limited data are available for the direct comparisons of statins®*°. In this
study, we investigated the association between use of individual statins and

new-onset DM.



Il. MATERIALS AND METHODS

1. Participants

Our study included 1,160 patients with a history of statin medication use for
managing hypercholesterolemia who were 20 years of age or older. Only new
users who had not used a statin in a preceding year were enrolled. Patients with
established DM or impaired fasting glucose (IFG, fasting plasma glucose level =
100 mg/dl) before statin treatment were excluded. All patients had been prescribed
one kind of statin for four years between January 2007 and January 2013. The
1,160 patients were grouped as follows: 375 patients in the atorvastatin group, 289
patients in the pitavastatin group, 345 patients in the rosuvastatin group, 97
patients in the simvastatin group, and 54 patients in the pravastatin group.
Participants were excluded if they met any of the following criteria: history of
intolerance for statins, or treatment with hormone replacement therapy (including
steroids). The primary end point of this study was new-onset DM, defined as a

fasting plasma glucose level = 126 mg/dl on two consecutive tests, HbAlc level

> 6.5%, or starting glucose-lowering medication(s).

2. Methods

We evaluated the incidence of DM and dysglycemia (IFG and/or DM)



according to the statin used and any associated risk factors. Data from patients
who switched to a different statin were excluded from analysis. All analyses
used subjects treated with atorvastatin as the reference (comparison group),
because atorvastatin has been used most widely.

The BMI, fasting blood glucose (FBG), and lipid profiles were examined for
baseline at the start of statin medication. The LDL cholesterol concentration was
calculated using the Friedewald formula as follows: LDL cholesterol = (total
cholesterol — HDL cholesterol — triglycerides)/5. The mean dose of statin until the
primary end point was calculated, and the mean dose of statin between patients

with new-onset DM and without DM was compared in each statin group.

3. Statistical analysis

All statistical analyses were performed using the SPSS statistical analysis
program (SPSS v. 20.0, SPSS Inc., Chicago, IL). All values are reported as means
+ standard deviation, and the real numbers of participants with the percentage
immediately follows in parentheses. Between-group differences of the means were
compared using analysis of variance for parametric data. Between-group
differences of numbers and percentages were evaluated using a y2 test. Additional
post-hoc analyses were performed to determine what parameters were involved in
the origin of group differences. We performed time-to-event analyses using Cox
proportional hazards regression to estimate the association between statin use and

6



development of new-onset DM. Kaplan-Meier survival curves were used to
compare the time to new-onset DM in each statin group. The relative risk factor
for new-onset DM and dysglycemia (IFG and/or DM) was obtained using
univariate and multivariate Cox regression, and the risk is reported in the form of

HR and 95% CI. For all tests, p<0.05 was considered as statistically significant.



I1l. RESULTS

1. Clinical characteristics of the study population

Table 1 shows the clinical characteristics of patients. The atorvastatin group
included 32.32% of patients, followed by rosuvastatin (29.74%), pitavastatin
(24.91%), simvastatin (8.36%), and pravastatin (4.66%). The ratio of female
gender was higher in the simvastatin and pitavastatin groups compared with that in
the atorvastatin group. Older patients were more likely to be included in the
pitavastatin group than in the atorvastatin group (pitavastatin group, 62.7 + 10.2
years; atorvastatin group, 60.7 + 10.1 years; p=0.017).

Baseline values for BMI and fasting blood glucose at the start of statin
treatment were not different among the groups. The total cholesterol level was
higher in the pitavastatin and rosuvastatin groups, and triglyceride level was
higher in the rosuvastatin group. HDL-cholesterol was higher in the pitavastatin
and simvastatin groups, whereas LDL-cholesterol was higher in the pitavastatin
group (Table 1). All factors that showed group differences were included in

univariate and multivariate Cox regression analyses.



Table 1-Baseline characteristics for new statin users

Total Atorvastatin Pitavastatin Rosuvastatin Simvastatin Pravastatin p-value
(N=1,160) (n=375) (n=289) (n=345) (n=97) (n=54)
(%) (32.32%) (24.91%) (29.74%) (8.36%) (4.66%)
Age at start of statin
treatment (years) 61.4+10.4 60.5+10.8" 62.7+10.2 60.7+10.1%? 63.2+9.5"° 61.6+11.3" 0.017
n female (%) 513 (44.2%) 145 (38.7%)" 148 (51.2%)> 135 (39.1%)* 58 (59.8%)* 27 (50.0%)**  <0.001
BMI (kg/m?) 24.8+10.1 25.3+14.8 24.243.0 24.9+8.7 24.2+2.7 24.4+2.9 0.679
FBG (mg/dl) 91.05.6 90.5%5.7 91.545.3 91.35.6 91.35.9 90.5%5.9 0.122
Total cholesterol (mg/dl) ~ 192.3+48.4  184.1+47.8" 196.2+45.3 195.2452.6°  193.7+41.4*2  203.9+46.6"° 0.003
Triglyceride (mg/dl) 146.6+93.3  136.9+75.6" 144.4+67.8%%  1585+126.5% 141.9+73.1% 157.7#100.6">  0.035
HDL-cholesterol (mg/dl) 47.6£11.9 45.9+10.9" 50.3+12.5° 46.0+11.9" 50.0+10.1° 50.3+15.0"°  <0.001
LDL-cholesterol (mg/dI) 122.9+40.9  115.9+38.2° 129.0+38.3 123.4+46.9%  126.2+¢38.4"%  127.9+36.9'7 0.001
Triglyceride/ 1.35+1.19 1.28+0.88" 1.24+0.87* 1.52+1.6° 1.27+1.02'2 1.45+1.61'7 0.027

HDL-cholesterol (ratio)

All values are reported as means + standard deviations (SD) and real numbers of participants with the percentage in parentheses.
Between-group differences of the averages were compared using an analysis of variance (ANOVA) for parametric data.

Between-group differences of numbers and percentages were compared using a y° test. Additional post-hoc analyses were

performed (2 > 1). FBG, fasting blood glucose.



2. Association between new-onset DM and the type of statin

Over the 7-year study period of 1,160 patients, the mean follow-up duration of
54.6 + 10.6 months, we observed 69 subjects (5.95%) that developed new-onset
DM and 356 subjects (30.7%) that developed dysglycemia (IFG or DM, Table 2).
The incidence of new-onset DM was significantly higher in the pitavastatin group
(10.7%) compared to that in the other statin groups [atorvastatin (4.0%),
rosuvastatin  (6.1%), and simvastatin (4.1%), p=0.003]. The incidence of
new-onset DM appeared to be the lowest in the pravastatin group (3.7%), although
this was not statistically significant (Table 2). There was no significant difference
in incidence of dysglycemia(IFG or DM) development between different types of

statins.

3. Analyses of risk factors for development of new-onset DM

In our multivariate Cox regression model, the diabetogenic effect of pitavastatin
was the most significant (HR, 2.68; p=0.004; Figure 1) when compared to that of
the atorvastatin group. Other statin groups showed no significant differences when
compared to the atorvastatin group [rosuvastatin (HR, 1.11, p=0.780); simvastatin
(HR, 1.39, p=0.568); and pravastatin (HR, 0.56, p=0.572); Figure 1]. Fasting
glucose level at baseline was associated with the development of DM (HR, 1.06,
p=0.031). Age, gender, BMI, use of angiotensin-converting enzyme inhibitors or
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Table 2-Development of dysglycemia (IFG and/or DM) in new statin users

Atorvastatin Pitavastatin

Rosuvastatin Simvastatin Pravastatin p-value
(n=375) (n=289) (n=345) (n=97) (n=54)
(32.32%) (24.91%) (29.74%) (8.36%) (4.66%)
Duration of statin treatment 55.2+10.2° 54.6+12.8° 53.19.7 56.7+9.3° 55.8+7.5" 0.017
(months)
No. of subjects who 102 (27.2%) 96 (31.8%) 116 (33.6%) 27 (27.8%) 15 (22.2%) 0.210
developed dysglycemia
(IFG + DM) (%)
No. of subjects who 15 (4.0%)* 31 (10.7%)? 17 (6.1%)* 4 (4.1%)* 2 (3.7%)"? 0.003
developed DM (%)
No. of outcomes (IFG + DM) 83.85 90.67 109.32 71.10 64.77
per 1000 person-years
No. of outcomes (DM) 8.70 23.56 11.12 8.73 7.97

per 1000 person-years

All values are reported as means + standard deviations (SD) and real numbers of participants with the percentage in parentheses.
Between-group differences of the averages were compared using an analysis of variance (ANOVA) for parametric data.

Between-group differences of numbers and percentages were compared using a y° test. Additional post-hoc analyses were
performed (2 > 1). IFG, impaired fasting glucose; DM, diabetes mellitus.
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angiotensin-receptor blockers, total cholesterol, and triglyceride levels at
baseline showed no association with the development of DM after adjustment
for other risk factors (Table 3). However, comparing the development of
dysglycemia (IFG or DM), the effect of pitavastatin was not significant (HR,
1.15; p=0.390; table 4) when compared to that of the atorvastatin group.

Men and women were separately analyzed. The diabetogenic effect of
pitavastatin was not significant in men (HR, 1.02; p=0.960; Appendix table 5).
However, in women, pitavastatin had an higher HR for new-onset DM of 7.22
(p=0.002; Appendix table 6). Age of the subject was also associated with the

development of DM in men (HR, 1.04, p=0.034; Appendix table 5).

12



Table 3—Independent risk factors for development of DM

Unadjusted Adjusted
HR (95% CI) p-value HR (95% CI) p-value

Statin
Atorvastatin Reference Reference

Pitavastatin 2.74(1.48-508) 0.001  2.68(1.38-5.19)  0.004

Rosuvastatin 1.25 (0.63-2.51) 0.523 1.11 (0.53-2.35) 0.780

Simvastatin 1.01(0.34-3.01) 0980  1.39(0.45-4.29)  0.568

Pravastatin 0.91 (0.21-3.98) 0.901 0.56 (0.07-4.24) 0.572
Age 1.03(1.01-1.06)  0.010  1.02(1.00-1.05)  0.113
Gender (Female) 1.15 (0.72-1.85) 0.562 1.16 (0.68-2.00) 0.606
BMI (kg/m?) 1.00 (0.99-1.02)  0.644  1.01(0.99-1.03)  0.446
Duration of observation  1.00(0.97-1.03)  0.992 0.99 (0.96-1.03) 0.711
(years)
FBG (mg/dl) 1.07 (1.02-1.12)  0.008 1.06 (1.01-1.17)  0.031
Total cholesterol (mg/dl) 1.00 (0.99-1.01) 0.572
Triglyceride (mg/dl) 1.00 (1.00-1.00) 0.036 1.00 (1.00-1.00) 0.213
HDL-cholesterol (mg/dl) 0.98 (0.96-1.00) 0.046 0.98 (0.95-1.00) 0.051
Triglyceride/ 1.10 (0.96-1.27) 0.172
HDL-cholesterol (ratio)
LDL-cholesterol (mg/dl) 1.00 (1.00-1.01) 0.318
ACEIi/ ARB use 0.92 (0.55-1.54) 0.920

The relative risk factor for development of diabetes was compared by using a
multivariate Cox regression adjusted for age, gender, BMI, total cholesterol
level, and triglyceride levels.
HR, hazard ratio; Cl, confidence interval; FBG, fasting blood glucose; DM,
diabetes mellitus; ACEi, angiotensin converting enzyme inhibitors; ARB,
angiotensin receptor blocker.
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Table 4-Independent risk factors for development of dysglycemia (IFG

and/or DM)
Unadjusted Adjusted
HR (95% CI) p-value HR (95% CI) p-value

Statin
Atorvastatin Reference Reference

Pitavastatin 1.03(0.77-1.36)  0.852  1.15(0.84-156)  0.390

Rosuvastatin 1.29 (0.99-1.68)  0.061 1.19 (0.89-1.58)  0.242

Simvastatin 0.86 (0.56-1.31)  0.470  0.98(0.61-1.59)  0.940

Pravastatin 0.62(0.34-1.13)  0.118 0.69 (0.36-1.33)  0.691
Age 1.00 (0.99-1.01)  0.636  1.00(0.99-1.02)  0.599
Gender (Female) 0.91 (0.73-1.12) 0.358 1.00 (0.78-1.29) 0.983
BMI (kg/m?) 1.01(0.99-1.01) 0226  1.01(0.99-1.01)  0.160
Duration of observation  0.96 (0.95-0.98)  <0.001 0.96 (0.94-0.98) <0.001
(years)
FBG (mg/dl) 1.07 (1.05-1.10) <0.001  1.06 (1.03-1.08)  <0.001
Total cholesterol (mg/dl) 1.00 (1.00-1.00) 0.732
Triglyceride (mg/dl) 1.00 (1.00-1.00)  0.469
HDL-cholesterol (mg/dl) 0.98 (0.97-0.99)  <0.001 0.98 (0.97-0.99) 0.002
Triglyceride/ 1.03 (0.95-1.12) 0.435
HDL-cholesterol (ratio)
LDL-cholesterol (mg/dl) 1.00 (1.00-1.00) 0.195
ACEIi/ ARB use 1.00 (0.80-1.25) 0.978

The relative risk factor for development of diabetes was compared by using a
multivariate Cox regression adjusted for age, gender, BMI, total cholesterol
level, and triglyceride levels.
HR, hazard ratio; Cl, confidence interval; FBG, fasting blood glucose; DM,
diabetes mellitus; ACEi, angiotensin converting enzyme inhibitors; ARB,
angiotensin receptor blocker.
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4. Comparison of the statin dose in each statin group

The mean statin dosages in this study were as follows: atorvastatin, 11.9 + 5.2
mg/day; pitavastatin, 2.1 + 1.3 mg/day; rosuvastatin, 10.7 + 3.5 mg/day;
simvastatin, 25.0 £ 9.3 mg/day; and pravastatin, 25.6 + 8.8 mg/day. There was
no difference in the dose of any single statin within a study group between
patients that retained normal glucose levels and patients that developed

new-onset DM (Table 5).

15



Table 5—Mean daily statin dose in each statin group

Not DM

developed DM developed p-value
Atorvastatin (mg/day) 11.8+5.0 (n=360)  14.2+8.1 (n=15) 0.082
Pitavastatin (mg/day) 2.1+1.4 (n=258) 2.0+0.5 (n=31) 0.560
Rosuvastatin (mg/day) ~ 10.6+3.5 (n=328)  12.3+3.6 (n=17) 0.065
Simvastatin (mg/day) 25.1+9.4 (n=93) 25.0+5.0 (n=4) 0.986
Pravastatin (mg/day) 25.5+8.8 (n=52) 30.0 (n=2) 0.491

All values are reported as means * standard deviations (SD). Between-group
differences were compared using Student’s t-test. DM, diabetes mellitus.
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—&— Pravastatin (HR 0.56, p=0.572)
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0 12 24 36 48 60
No. at Time (months)
risk
Atorva 375 369 367 362 300 127
Prava 289 283 273 262 228 109
Rosuva 345 339 335 330 253 74
Simva 97 97 96 94 76 40
Prava 54 54 52 52 48 9

Figure 1. Survival curve of DM development.

Disease-free survival analysis according to type of statins. Kaplan-Meier curves
for disease-free survival were stratified according to the type of statin.
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IV. DISCUSSION

In a meta-analysis of 13 placebo-controlled statin trials with more than
90,000 patients, statin treatment was associated with a 9% higher risk of
developing DM®. This raises the question whether all statins are equally
diabetogenic? There is controversy about whether the risk of development of
DM differs among statins. There are seven statins available in real clinical
practice (atorvastatin, rosuvastatin, pravastatin, simvastatin, pitavastatin,
lovastatin, and fluvastatin). The selection of a statin in clinical practice is
usually based on the individual physician’s preference for these medications,
such as efficacy for lowering LDL-cholesterol, drug-food interactions,
pharmacokinetic properties, and cost™.

In previous meta-analysis studies, the diabetogenic effects of several statins

were discussed simultaneously®®*%

In a recent meta-analysis study, the
diabetogenic effects of atorvastatin and rosuvastatin were found to be
comparable at a moderate dose. Pravastatin showed a lower risk of new-onset
DM compared with that for rosuvastatin®. In a current population-based cohort
study, atorvastatin and simvastatin had an increased risk of new-onset DM
compared with that for pravastatin®. In general, pravastatin produce less
diabetogenic effect than other statins®®. In this study, we found that pitavastatin
shows the most powerful diabetogenic effect compared to that of other statins.

Compared with atorvastatin (mean dosage of 11.9 + 5.2 mg/day), pitavastatin

18



had an HR for new-onset DM of 2.68 (p=0.004) in association with pitavastatin
(2.1 £ 1.3 mg/day). Rosuvastatin and simvastatin showed a trend of increased
risk of DM, whereas pravastatin had a tendency to reduce the risk of DM.

Statins can be divided into natural or fully synthetic statins, and they have
significant structural differences™. Pravastatin and simvastatin are natural
fungal metabolites; atorvastatin, rosuvastatin, and pitavastatin are fully
synthetic compounds. In our study, there was no statistically significant
difference between natural and fully synthetic statins with respect to diabetes
risk (OR, 0.54 vs. 1.86, respectively; p=0.144).

Statins are either lipophilic (simvastatin, atorvastatin, and pitavastatin) or
hydrophilic (pravastatin and rosuvastatin). One study reported that there was no
significant difference in diabetes risk between hydrophilic and lipophilic statins
(OR, 1.10 vs. 1.08, respectively)®. Similarly, our study reveals that there is no
significant difference between hydrophilic and lipophilic statins (OR, 1.28 vs.
0.78, respectively; p=0.318). Therefore, the structure and bioavailability of
statins apparently has no significant impact on the diabetogenic effect.

Although the exact molecular mechanism(s) underlying the diabetogenic
effect of statins is not known, many studies suggest plausible mechanisms.
Deregulation of cellular cholesterol can lead to impaired insulin secretion by
disrupting the function of voltage-gated calcium channels in pancreatic p cells™.
The disruption of mitochondrial function in pancreatic p cells'®, myocytes®®, and
adipocytes'’ can affect the serum glucose level. A decrease in the expression of

19



adipocyte insulin-responsive glucose transporter-4'®, and statin-induced

sarcopenia'® and muscle destruction®®

, can be associated with the development
of DM.

Statins exert their effects mainly in the liver. Cholesterol biosynthesis is
mainly conducted in the liver. Therefore, it is plausible that statin treatment may
induce hepatic insulin resistance. One study shows that statins increase the
expression of hepatic gluconeogenic enzymes in human primary hepatocytes®.
There are statin-induced differences in the expression of ATP-binding cassette
transporter A1 (ABCAL) in hepatocytes®, and in the changes in concentration
of adiponectin® that vary according to the type of statins. However, the exact
molecular mechanisms underlying these differences need to be determined.
Pitavastatin is a lipophilic statin that is metabolized via CYP3A4% instead of
cytochrome P450, which metabolizes the other statins. Pitavastatin is reported

I?°, and lipoprotein lipase?’. The

to increase the expression of ABCA1%, apoA-
J-PREDICT clinical trial is currently underway in Japan® to study the effect of
pitavastatin on new-onset DM in patients with impaired glucose tolerance.

A recent study reported a dose-dependent diabetogenic effect of statins®.
This meta-analysis of five studies reported that intensive-dose statin therapy
could increase the risk for development of diabetes compared to that conferred
by moderate-dose statin therapy®. Asian populations were more sensitive to the
statin dose than Western populations, probably due to genetic differences in

statin metabolism®. Several studies reported that the effect of lowering
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LDL-cholesterol may be associated with the diabetogenic effect of statins™. In
the present study, the average dose of atorvastatin was 11.8 + 5.0 mg/day,
whereas that of pitavastatin was 2.1 + 1.4 mg/day. A previous report showed
that atorvastatin at 10 mg/day and pitavastatin at 2 mg/day had similar efficacies
in lowering LDL-cholesterol®?. Another study reported that rosuvastatin at 2.5
mg/day, atorvastatin at 10 mg/day, and pitavastatin at 2 mg/day all had similar
efficacies for lowering LDL-cholesterol. The dose of rosuvastatin was relatively
high in our study compared with dosages reported in previous studies, whereas
the other statin doses were consistent with those of previous studies.

In our study, when separately analyzed according to sex, difference of
diabetogenic effect among statins was more significant in women and was not
significant in men (Appendix Table 5,6). An observational study of
postmenopausal women found that the risk for development of diabetes
increased more in Asian and Pacific Islander populations than in Western
populations (HR, 1.78 vs. 1.49, respectively)™. Elderly and Asian women were
significantly more vulnerable to the increased risk of development of DM
caused by statin use®.

There were several limitations in this study. First, we could not control all
founding factors because it was a retrospective observational study, and there
were some differences in the baseline characteristics of each group. We included
all these variables as factors in a multivariate Cox regression model to minimize
any confounding variables among participants who had used the same kind of
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statin for more than four years. Second, newer statins such as pitavastatin may
have been used in patients at higher risk for development of DM, due to the
prescribing physician’s preferences. And it could be related to higher diagnosis
rate of diabetes. Third, the dose of each statin could not be controlled. Although
the final mean dose of the statin was not different between the groups, a
different relative dose of each type of statin could have affected the incidence of
new-onset DM. Finally, the cohort sizes in the pravastatin and simvastatin
groups were relatively small for analysis of statistical significance. Our study
also had strengths. We identified several risk factors for development of DM,
including age, gender, BMI, FBG, and lipid profile. We were able to adjust for
these factors to determine the diabetogenic effects of different types of statins

above and beyond these factors.
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V. CONCLUSION

In conclusion, pitavastatin is associated with a greater risk of new-onset DM
when compared with that for atorvastatin. Fasting blood glucose level at the
start of statin treatment is another important risk factor. Although statins are the
cornerstone of modern cardiovascular pharmacology, caution should be given

for patients who receive statins for a prolonged time.
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Appendix Table 1-Baseline characteristics for new statin users in men

Total Atorvastatin Pitavastatin Rosuvastatin

Simvastatin Pravastatin p-value
(N=647) (n=230) (n=141) (n=210) (n=39) (n=27)
(%) (35.55%) (21.79%) (32.46%) (6.03%) (4.17%)
Age at start of statin
treatment (years) 59.8+10.9 58.4+11.3" 62.0+11.3 59.4+9.9'  625+10.5"%  58.9+12.4° 0.012
BMI (kg/m?) 25.0+11.7 26.1+18.7 24.242.7 24.5+2.9 24.0+2.2 24.3+3.0 0.557
FBG (mg/dl) 91.35.6 90.745.9 92.3%5.2 91.445.3 91.445.3 90.0+6.8 0.075
Total cholesterol (mg/dl) 181.6+47.8 178.6£47.4 181.2+43.8 184.0£52.5 182.0£37.5 186.2+46.6 0.822
Triglyceride (mg/dI) 148.3+107.1  140.0+84.1 139.0+£70.6 158.9+144.4  151.5+82.4 178.3+124.2 0.168
HDL-cholesterol (mg/dl) 44.1+11.0 43.0+10.4* 47.4+11.9% 42.8+11.1 46.4+8.9'7 42.6+9.7%* 0.001
LDL-cholesterol (mg/dl) ~ 115.8+39.2  114.8+37.3 120.6+37.4 114.1+43.1 111.8+39.0 118.6+39.0 0.541
Triglyceride/ 1.44+1.37 1.31+0.99" 1.26+0.89" 1.64+1.79° 1541272  1.83+2.09? 0.028

HDL-cholesterol (ratio)

All values are reported as means + standard deviations (SD) and real numbers of participants with the percentage in parentheses.

Between-group differences of the averages were compared using an analysis of variance (ANOVA) for parametric data.
Between-group differences of numbers and percentages were compared using a y” test. Additional post-hoc analyses were

performed (2 > 1). FBG, fasting blood glucose
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Appendix Table 2—Baseline characteristics for new statin users in women

Total Atorvastatin Pitavastatin Rosuvastatin Simvastatin Pravastatin p-value
(N=513) (n=145) (n=148) (n=135) (n=58) (n=27)
(%) (28.27%) (28.85%) (26.32%) (11.31%) (5.26%)
Age at start of statin
treatment (years) 63.4+9.4 63.8+9.2 63.4+9.0 62.8+10.1 63.6+8.8 64.3+9.7 0.897
BMI (kg/m?) 24.6+7.5 24.2+3.1 24.243.3 25.7+13.5 24.3+3.1 24.4+2.8 0.510
FBG (mg/dl) 90.75.6 90.1+5.4 90.845.3 91.145.9 91.346.3 91.0+4.9 0.571
Total cholesterol (mg/dl) ~ 205.2+46.0  192.1+47.4* 209.6+42.4° 212.6+48.2°  201.4+42.4*  220.5+40.0'? 0.001
Triglyceride (mg/dl) 14444722 131.9+59.5 149.4+64.9° 158.0¢92.5°  135.6+66.1'%  132.1+55.6'>  0.028
HDL-cholesterol (mg/dl) 52.1+11.5 50.6+10.0" 53.1+12.42 51.0¢11.5'  52.5+10.2'%  58.8%15.0"° 0.013
LDL-cholesterol (mg/dl) ~ 131.9+41.3  117.8+39.6" 137.1+37.6° 138.1+46.4*>  135.7+38.5°  137.7+31.4%%  <0.001
Triglyceride/ 1.22+0.91 1.21+0.68 1.22+0.85 1.33+1.24 1.10£0.79 1.00+0.46 0.376

HDL-cholesterol (ratio)

All values are reported as means + standard deviations (SD) and real numbers of participants with the percentage in parentheses.

Between-group differences of the averages were compared using an analysis of variance (ANOVA) for parametric data.
Between-group differences of numbers and percentages were compared using a ” test. Additional post-hoc analyses were

performed (2 > 1). FBG, fasting blood glucose
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Appendix Table 3-Development of dysglycemia (IFG and/or DM) in new statin users, men

Total Atorvastatin Pitavastatin Rosuvastatin Simvastatin Pravastatin p-value
(N=647) (n=230) (n=141) (n=210) (n=39) (n=27)
(%) (35.55%) (21.79%) (32.46%) (6.03%) (4.17%)
Duration of statin treatment 544105  54.5+10.77 56.1+11.6° 52.6+10.2" 54.8+8.6'° 56.4+6.6"° 0.030
(months)
No. of subjects who developed 199 (30.8%) 66 (28.7%) 45 (31.9%) 74 (35.2%) 9(23.1%) 5 (18.5%) 0.256
dysglycemia (IFG + DM) (%)
No. of subjects who developed 36 (5.6%) 12 (5.2%) 10 (7.1%) 12 (5.7%) 1 (2.6%) 1 (3.7%) 0.821
DM (%)
No. of outcomes (IFG + DM) 92.3 92.1 88.5 113.2 56.5 42.6
per 1000 person-years
No. of outcomes (DM) 12.3 115 15.2 13.0 5.6 7.9
per 1000 person-years

All values are reported as means + standard deviations (SD) and real numbers of participants with the percentage in parentheses.
Between-group differences of the averages were compared using an analysis of variance (ANOVA) for parametric data.

Between-group differences of numbers and percentages were compared using a y” test. Additional post-hoc analyses were
performed (2 > 1). IFG, impaired fasting glucose; DM, diabetes mellitus.
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Appendix Table 4-Development of dysglycemia (IFG and/or DM) in new statin users, women

Total Atorvastatin Pitavastatin Rosuvastatin ~ Simvastatin Pravastatin p-value
(N=513) (n=145) (n=148) (n=135) (n=58) (n=27)
(%) (28.27%) (28.85%) (26.32%) (11.31%) (5.26%)
Duration of statin treatment 54.9+10.7 56.2+9.1° 53.2+13.8 53.9+8.8 57.9+9.6° 55.2+8.4'7 0.021
(months)
No. of subjects who developed 150 (29.2%) 36 (24.8%) 47 (31.8%) 42 (31.1%) 18 (31.0%) 7 (25.9%) 0.210
dysglycemia (IFG + DM) (%)
No. of subjects who developed 33 (6.4%) 3(2.1%)" 21 (14.2%)? 5 (3.7%)" 3 (5.2%)" 1 (3.7%)"? <0.001
DM (%)
No. of outcomes (IFG + DM) 83.7 72.0 85.4 103.1 8L.7 61.3
per 1000 person-years
No. of outcomes (DM) 141 44 32.0 8.2 10.7 8.1
per 1000 person-years

All values are reported as means + standard deviations (SD) and real numbers of participants with the percentage in parentheses.
Between-group differences of the averages were compared using an analysis of variance (ANOVA) for parametric data.

Between-group differences of numbers and percentages were compared using a y” test. Additional post-hoc analyses were

performed (2 > 1). IFG, impaired fasting glucose; DM, diabetes mellitus.

32



Appendix Table 5—-Independent risk factors for development of DM in men

Unadjusted Adjusted
HR (95% CI) p-value HR (95% CI) p-value
Statin
Atorvastatin Reference Reference
Pitavastatin 1.35(0.58-3.12)  0.488 1.02 (0.42—-2.50) 0.960
Rosuvastatin 1.11 (0.50-2.50)  0.793 1.21 (0.54-2.72) 0.652
Simvastatin 0.49 (0.06-3.74)  0.488  053(0.07-4.11)  0.544
Pravastatin 0.69 (0.09-5.34) 0.726 0.85 (0.11-6.54) 0.873
Age 1.04 (1.00-1.07)  0.031  1.04(1.00-1.07)  0.034
BMI (kg/m?) 1.00(0.99-1.02)  0.666  1.01(0.99-1.03)  0.327
Duration of observation 1.02 (0.97-1.06)  0.476 1.02 (0.97-1.06) 0.461
(years)
FBG (mg/dI) 1.06 (0.99-1.14)  0.073 1,07 (1.00-1.14)  0.061
Total cholesterol (mg/dl) 1.00 (0.99-1.01) 0.557
Triglyceride (mg/dl) 1.00 (1.00-1.00) 0.101
HDL-cholesterol (mg/dl) 0.97 (0.94-1.01) 0.112
Triglyceride/ 1.11 (0.94-1.30) 0.224
HDL-cholesterol (ratio)
LDL-cholesterol (mg/dl) 1.00 (0.99-1.01) 0.656
ACEIi/ ARB use 0.81 (0.38-1.72) 0.579

The relative risk factor for development of diabetes was compared by using a
multivariate Cox regression adjusted for age, gender, BMI, total cholesterol
level, and triglyceride levels.
HR, hazard ratio; Cl, confidence interval; FBG, fasting blood glucose; DM,
diabetes mellitus; ACEi, angiotensin converting enzyme inhibitors; ARB,
angiotensin receptor blocker.
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Appendix Table 6—Independent risk factors for development of DM in

women
Unadjusted Adjusted
HR (95% CI) p-value HR (95% CI) p-value
Statin
Atorvastatin Reference Reference
Pitavastatin 7.30 (2.18-24.49)  0.001 7.22 (2.13-24.54) 0.002
Rosuvastatin 1.84 (0.44-7.69) 0.405 1.04 (0.21-5.22) 0.964
Simvastatin 2.48 (0.50-12.31)  0.265 2.90 (0.58-14.53) 0.196
Pravastatin 1.78 (0.19-17.09)  0.618 1.85 (0.19-17.77) 0.595
Age 1.03 (0.99-1.07) 0.182 1.01 (0.97-1.05) 0.586
Gender (Female) 1.00 (0.97-1.05) 0.838 1.02 (0.97-1.07) 0.499
BMI (kg/m?) 0.98 (0.94-1.03)  0.444 0.98 (0.93-1.03) 0.453
Duration of observation  1.08 (1.00-1.16)  0.040 1.07 (0.99-1.16) 0.070
(years)
FBG (mg/dI) 1.00 (0.99-1.01)  0.963
Total cholesterol (mg/dl) 1.00 (1.00-1.01) 0.192
Triglyceride (mg/dl) 0.97 (0.94-1.01) 0.092
HDL-cholesterol (mg/dl) 1.10 (0.81-1.50) 0.526
Triglyceride/ 1.00 (1.00-1.01)  0.409
HDL-cholesterol (ratio)
LDL-cholesterol (mg/dl) 1.01 (0.50-2.06) 0.970

ACEIi/ ARB use

The relative risk factor for development of diabetes was compared by using a
multivariate Cox regression adjusted for age, gender, BMI, total cholesterol
level, and triglyceride levels.
HR, hazard ratio; CI, confidence interval; FBG, fasting blood glucose; DM,
diabetes mellitus; ACEi, angiotensin converting enzyme inhibitors; ARB,
angiotensin receptor blocker.
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