Original Article
Clinical Diabetes & Therapeutics

Diabetes Metab J 2019;43:582-589
https://doi.org/10.4093/dmj.2018.0124
PpISSN 2233-6079 - eISSN 2233-6087

dm)

DIABETES & METABOLISM JOURNAL

@ Check for updates
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Parameters in Patients with Type 2 Diabetes Mellitus
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Background: The apolipoprotein B/A1 (apoB/Al) ratio is a stronger predictor of future cardiovascular disease than is the level of
conventional lipids. Statin and ezetimibe combination therapy have shown additional cardioprotective effects over statin mono-
therapy.

Methods: This was a single-center, randomized, open-label, active-controlled study in Korea. A total of 36 patients with type 2 di-
abetes mellitus were randomized to either rosuvastatin monotherapy (20 mg/day, n=20) or rosuvastatin/ezetimibe (5 mg/10 mg/
day, n=16) combination therapy for 6 weeks.

Results: After the 6-week treatment, low density lipoprotein cholesterol (LDL-C) and apoB reduction were comparable between
the two groups (-94.3+15.4 and -62.0+20.9 mg/dL in the rosuvastatin group, -89.9+22.7 and -66.8 +21.6 mg/dL in the rosuvas-
tatin/ezetimibe group, P=0.54 and P=0.86, respectively). In addition, change in apoB/A1 ratio (-0.44+0.16 in the rosuvastatin
group and -0.47+0.25 in the rosuvastatin/ezetimibe group, P=0.58) did not differ between the two groups. On the other hand,
triglyceride and free fatty acid (FFA) reductions were greater in the rosuvastatin/ezetimibe group than in the rosuvastatin group
(-10.5 mg/dL [interquartile range (IQR), -37.5 to 29.5] and 0.0 pEq/L [IQR, -136.8 to 146.0] in the rosuvastatin group, -49.5 mg/dL
[IQR, -108.5 to -27.5] and -170.5 pEq/L [IQR, -353.0 to 0.8] in the rosuvastatin/ezetimibe group, P=0.010 and P=0.049, respec-
tively). Both treatments were generally well tolerated, and there were no differences in muscle or liver enzyme elevation.
Conclusion: A 6-week combination therapy of low-dose rosuvastatin and ezetimibe showed LDL-C, apoB, and apoB/A1 ratio re-
duction comparable to that of high-dose rosuvastatin monotherapy in patients with type 2 diabetes mellitus. Triglyceride and FFA
reductions were greater with the combination therapy than with rosuvastatin monotherapy.
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INTRODUCTION

A recent guideline on the treatment of blood cholesterol rec-
ommends the use of a high-intensity statin for individuals in
four major statin-benefit groups to reduce the risk of cardio-
vascular disease [1]. However, the use of high-intensity statins

can cause myopathy, elevated liver function, and new-onset di-
abetes [2]. Therefore, there has been an ongoing need for a new
lipid-lowering drug with few side effects, strong cholesterol
lowering efficacy, and protection against cardiovascular events.
Ezetimibe is a new class of lipid-lowering drug that inhibits
cholesterol absorption in the small intestine through direct
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Lipid-lowering drugs and apolipoproteins

binding with Niemann-Pick C1-Like 1 [3]. A recent study
demonstrated that the addition of ezetimibe to a statin further
lowered low density lipoprotein cholesterol (LDL-C) level
compared with statin monotherapy. In addition, the combina-
tion of ezetimibe and a statin showed additional cardiovascu-
lar benefits [4].

Apolipoprotein B (apoB) and apolipoprotein Al (apoAl)
are major apolipoproteins in atherogenic lipoprotein particles
and high density lipoprotein (HDL), respectively [5]. Many
clinical studies have suggested that apoB and apoAl predict
cardiovascular risk better than conventional lipid parameters,
including LDL-C and HDL cholesterol (HDL-C) [6]. More-
over, the ratio of these two apolipoproteins, the apoB/A1 ratio,
illustrates the balance between atherogenic and anti-athero-
genic lipoproteins. Several large prospective studies have
shown that the apoB/Al ratio is a more powerful predictor of
future cardiovascular disease than conventional lipid parame-
ters [7].

Therefore, our aim in this study was to compare the efficacy
of daily 20 mg rosuvastatin monotherapy with that of daily 5
mg rosuvastatin/10 mg ezetimibe combination therapy daily
on lipid parameters, including apoB/A1 ratio, in patients with
type 2 diabetes mellitus (T2DM).

METHODS

Study subjects

Patients with T2DM (age 220 years) and LDL-C >130 mg/dL
at baseline were enrolled. Exclusion criteria were treatment
with a lipid lowering drug within 3 months of randomization,
use of thiazolidinediones or insulin within 3 months before
randomization, major cardiovascular events within 3 months
of randomization, serum creatinine level >1.5 mg/dL, liver
transaminases >2xupper normal limit, uncontrolled hyper-
thyroidism or hypothyroidism, and women who were preg-
nant or lactating. Of the 43 screened patients with T2DM, one
patient was excluded, and 42 were enrolled in this study (in-
tention-to-treat population). Among those 42 patients, six
were lost to follow-up and did not complete the study, leaving
the 36 patients eligible for the per-protocol analysis.

This study was carried out in compliance with the Declara-
tion of Helsinki. Informed written consent was obtained from
all participants, and the study was approved by the Internal
Review Board (IRB) of Kyung Hee University Hospital at
Gangdong (KHNMC IRB 2011-018).
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Study design

This was a single center, open-label, randomized, active-con-
trolled, parallel group study. The duration of the study was 7
consecutive weeks, including a 1-week screening period and a
6-week active-treatment phase. Based on previous studies per-
formed in Korea [8], patients were allocated to either the rosuv-
astatin monotherapy group (20 mg/day) or the ezetimibe
(10 mg/day) and rosuvastatin (5 mg/day) free combination
group to achieve comparable LDL-C reduction. Together with
lipid-lowering medications, all participants were educated
about life-style intervention, including diet and exercise.

Clinical and laboratory examination

Comprehensive physical examinations were performed at
baseline, and personal medical histories, including smoking
status and alcohol drinking, were assessed using a question-
naire. Body mass index was calculated as the weight divided by
the square of height (kg/m*). Waist circumference was mea-
sured at the midline between the iliac crest and the rib edge in
a standing position. After participants rested for at least 5 min-
utes, their blood pressure was measured in a seated position
with an automatic sphygmomanometer.

All blood tests were determined after an overnight fast of
more than 8 hours. Using an autoanalyzer, plasma glucose was
measured by the hexokinase method (Hitachi, Tokyo, Japan),
which had a coefficient of variation of 1.7%. Plasma insulin
was measured by radioimmunoassay (Biosource, Nivelles, Bel-
gium), which had intra- and inter-assay CVs of 1.6% to 2.2%
and 2.3% to 3.0%, respectively. To estimate insulin sensitivity
and insulin secretory capacity, the homeostasis model assess-
ment of insulin resistance (HOMA-IR) and homeostasis mod-
el assessment of beta cell function % (HOMA-B%) were calcu-
lated based on fasting plasma insulin and glucose levels, re-
spectively [9]. The glycosylated hemoglobin (HbA1c) level was
measured by high-performance liquid chromatography. The
standard enzymatic (colorimetric) method was used with an
autoanalyzer (Hitachi) to measure total cholesterol, triglycer-
ides, HDL-C, and LDL-C. Plasma apoB and apoA1 concentra-
tions were measured by the rate nephelometry method (Roche
Diagnostics, Mannheim, Germany), and high-sensitivity C-re-
active protein (hsCRP) was measured by the immunoturbi-
dimetry method (Roche Diagnostics) using an autoanalyzer
(Hitachi 7600). Plasma free fatty acid (FFA) concentration was
measured by the colorimetric method (Wako Chemicals,
Richmond, VA, USA).
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Statistical analysis
The primary end-point was change in apoB/A1 ratio from
baseline to the end of the 6-week treatment. Secondary end-
points were changes in lipid parameter (total cholesterol, tri-
glycerides, HDL-C, LDL-C, apoB, apoAl, FFAs, HOMA-IR,
and hsCRP levels). Based on the results from a randomized
study that investigated the effects of different lipid-lowering
regimens on apoB/Al ratio [10], the minimum number of
evaluable cases per group was 19 subjects to ensure a power of
80% and a significance level of 5%. Considering a dropout rate
of 10%, a total of 42 randomized subjects were planned.

Data are expressed as mean +SD for continuous measures or
as proportions for categorical variables, except for skewed con-

tinuous variables, which are presented as the median (inter-
quartile range, 25% to 75%). To compare differences between
groups, the Mann-Whitney test and chi-square test or Fisher’s
exact test were used for continuous variables and categorical
variables, respectively. All statistical analyses were performed
with PASW version 18.0 (SPSS Inc., Chicago, IL, USA). A P<
0.05 was considered significant.

RESULTS

Patient characteristics (intention-to-treat population)
Table 1 shows the baseline characteristics of the study partici-
pants who were enrolled in this study. The mean age was 51.7

Table 1. Baseline characteristics of study participants (intention-to-treat population)

Sl Rosuvasziti:nzzl()) el ezeti};?isbtvfgtﬁj;dsa;](g n+: 21) A
Age, yr 53.0x11.5 504+11.6 0.48
Male sex 66.7 (14) 61.9 (13) 0.75
Current smoking, % 33.3(7) 33.3(7) 1.00
Alcohol drinking, % 28.6 (6) 33.3(7) 0.74
Body mass index, kg/m’ 253+3.0 259+3.6 0.55
Waist circumference, cm 88.5£10.2 90.7£11.0 0.51
Systolic blood pressure, mm Hg 129.2+11.9 128.3+12.6 0.81
Diastolic blood pressure, mm Hg 782+7.8 77.4+11.7 0.79
Total cholesterol, mg/dL 234.9+26.9 236.5+29.5 0.85
Triglycerides, mg/dL 135.5+43.7 173.1+64.1 0.03
HDL-C, mg/dL 49.4£10.9 47.7£10.1 0.59
LDL-C, mg/dL 154.2+14.5 156.8+£24.2 0.68
Non-HDL-C, mg/dL 185.4+25.1 188.8+£30.6 0.70
ApoB, mg/dL 128.8+£14.0 134.9+24.3 0.32
ApoAl, mg/dL 150.9£23.3 152.8+31.2 0.82
ApoB/Al 0.87x0.16 0.93£0.31 0.46
Fasting plasma glucose, mg/dL 142.9+41.8 144.6+52.2 0.91
Fasting plasma insulin, pIU/mL 9.9 (7.3-12.5) 9.3(8.2-11.9) 0.89
HbAlc, % 75+1.8 74+1.7 0.87
HOMA-IR 3.36(2.31-4.24) 3.11(2.53-4.34) 0.87
HOMA-B% 206 (16.3-31.6) 20.8 (17.1-26.2) 0.92
High-sensitivity CRP, mg/L 0.91 (0.50-2.66) 0.64 (0.46-1.45) 0.57
Lp(a), mg/mL 9.4 (4.9-19.7) 13.7(5.1-28.1) 0.57
Free fatty acids, uEq/L 689.7£225.5 693.5+274.3 0.96

Values are presented as mean +standard deviation, percentage (number), or median (interquartile range).
HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; ApoB, apolipoprotein B; ApoAl, apolipoprotein Al;
HbA1c, glycosylated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-B%, homeostasis model assessment

of beta cell function %; CRP, C-reactive protein; Lp(a), lipoprotein(a).
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years and 64.2% were male. All variables were well matched,
and there were no initial differences between the two groups,
including baseline lipid parameters except triglycerides.

Changes in lipid parameters (per-protocol population)
After 6 weeks of treatment, LDL-C had decreased significantly
in both the rosuvastatin group and the rosuvastatin and ezeti-
mibe group (all P<0.001); however, no difference was ob-
served in LDL-C reduction between the two groups (P=0.54).
In addition, changes in apoB level and apoB/Al ratio were
similar between the two groups after 6 weeks of treatment
(P=0.86 and P=0.58, respectively). However, both triglyceride
and FFA levels decreased only in the rosuvastatin and ezeti-
mibe group (all P<0.01), indicating significant differences be-
tween the two groups (P=0.01 and P=0.049, respectively) (Ta-
ble 2). In addition, there were significant differences in the per-
cent changes in triglyceride (-6.6% in the rosuvastatin group
and -32.6% in the rosuvastatin and ezetimibe group, P=0.036)
and FFA levels (0.0% in the rosuvastatin group and -25.9% in
the rosuvastatin and ezetimibe group, P=0.046) between the
two groups after treatment.

Changes in other parameters and safety profiles
(per-protocol population)

After 6 weeks of treatment, no changes were observed in blood
pressure, fasting plasma glucose, HbAlc, or insulin sensitivity
as measured by HOMA-IR in either group. In addition, the
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level of the inflammatory marker hsCRP did not decrease in
either group, with no significant difference between the two
groups after treatment.

Both treatments were generally well tolerated. A mild in-
crease in liver enzyme levels was observed in both groups
(£2.5xupper normal limit). In addition, muscle enzyme levels
increased in four subjects in the rosuvastatin group (<2.5x
upper normal limit) (Table 3).

DISCUSSION

In this 6-week prospective randomized controlled trial, low-
dose rosuvastatin 5 and 10 mg ezetimibe combination therapy
provided results comparable to high-dose rosuvastatin 20 mg
monotherapy for the reduction of LDL-C, non-HDL-C, apoB,
and apoB/Al ratio in patients with T2DM. Both lipid lowering
regimens were generally well tolerated, and no significant liver
or muscle enzyme elevations were noted. In addition, reduc-
tions in triglycerides and FFAs were greater in the rosuvas-
tatin/ezetimibe combination therapy group than in the rosuv-
astatin monotherapy group.

Previous studies that examined the efficacy of ezetimibe
have mainly (1) compared it with placebo; (2) compared it
with a statin; or (3) added it to a statin regimen. The first two of
those designs are unlikely to produce clinically useful data be-
cause the cholesterol-lowering effect of ezetimibe is relatively
weak compared to that of the statins [11], and the cardiopro-

Table 2. Changes in lipid parameters after 6 weeks treatment (per-protocol population)

Variable Rosuvasati:nzf)()) mg/day Rosuvle:)s'iitgir/ldSa }rln(i-l—:efzt)imibe Pvalue
Total cholesterol, mg/dL -99.0£28.0° -98.4+28.7° 0.77
Triglycerides, mg/dL -10.5 (-37.5 t0 29.5) -49.5 (-108.5 to —27.5)* 0.01
HDL-C, mg/dL 0.5(-3.0t0 6.8) -0.5(-1/8t0 7.5) 0.99
LDL-C, mg/dL -94.3+154" -89.9£22.7° 0.54
Non-HDL-C, mg/dL -100.8£25.7° -98.9£26.3" 0.79
ApoB, mg/dL -62.0£20.9° -66.8£21.6 0.86
ApoAl, mg/dL 8.0 (-1.8t0 21.0)° 5.0 (-14.8 to 15.0) 0.20
ApoB/Al ~0.44 (~0.56 to —0.34)* ~0.38 (~0.54 to —0.32)" 0.58
Lp(a), mg/mL 0.50 (-0.93 to 4.60) 0.00 (-5.08 to 7.13) 0.67
Free fatty acids, uEq/L 0.0 (-136.8 to 146.0) -170.5 (-353.0 to 0.8)° 0.05

Values are presented as mean +standard deviation or median (interquartile range).
HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; ApoB, apolipoprotein B; ApoAl, apolipoprotein Al;

Lp(a), lipoprotein(a).
*P<0.001, °P<0.05, °P<0.01 for before and after treatment comparisons.
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Table 3. Changes in other parameters after 6 weeks of treatment (per-protocol population)

Variable Rosuvas’E’a/lti:nZ%)()) mg/day Rosuvl;:)s’inatz(ixr/ldfia }r’n(iiefzt)imibe Palue
Systolic blood pressure, mm Hg -5.0 (-7.8t03.5) -4.5(-15.5t04.3) 0.99
Diastolic blood pressure, mm Hg -0.5(-5.0t0 2.8) 1.0 (6.8 t0 6.0) 0.81
Body mass index, kg/m* -0.1(-0.7t00.2) 0.0 (-0.7t0 0.3) 0.79
Waist circumference, cm 0.0 (-2.0 t0 2.0) -0.9 (-2.6t02.5) 0.67
Fasting plasma glucose, mg/dL -1.0 (-12.3t0 12.0) -2.0(-41.3t010.8) 0.50
Fasting plasma insulin, uIU/mL 0.1 (-2.0to 1.3) 0.3(-1.1to 1.5) 0.84
HbAlc, % ~0.2(~0.7t00.3) ~0.3(-0.8t00.2) 0.54
HOMA-IR 0.00 (~1.12 t0 0.88) ~0.23 (~1.50 to 0.36) 0.39
HOMA-B% 0.0 (-4.1t03.7) ~0.3 (-4.1t0 8.9) 0.79
High-sensitivity CRP, mg/L ~0.49 (-1.17t0 0.18) ~0.15 (~0.38 t0 0.16) 0.35
Abnormal liver function test, % 15.0 (3) 12.5(2) 1.00
Myalgia, % 0 0 1.00
Creatine kinase >UNL, % 20.0 (4) 0 0.11

Values are presented as median (interquartile range) or percentage (number).
HbA1c, glycosylated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-B%, homeostasis model assessment
of beta cell function %; CRP, C-reactive protein; UNL, upper normal limit.

tective effects of statins have been established in diverse clinical
settings [1]. Therefore, ezetimibe monotherapy is not usually
prescribed. The addition of ezetimibe to a statin could be a
good option to further lower LDL-C level, and a recent study
has demonstrated the additional cardioprotective effects of
statin/ezetimibe combination therapy compared with statin
monotherapy [4]. However, side effects seen with statin treat-
ment are directly related to statin dosage [12]. Moreover, a re-
cent meta-analysis showed that the risk of hemorrhagic stroke
is inversely related to total and LDL-C levels [13]. Given those
safety issues, we tried reducing the statin dosage and adding
ezetimibe in the hope of achieving LDL-C reduction compara-
ble to that from high-dose statin monotherapy.

Based on previous studies [8,10,14,15] and our results, add-
ing 10 mg of ezetimibe can allow the statin dosage to be re-
duced to one-fourth to one-eighth of the standard dose while
still achieving equivalent total and LDL-C reduction. In our
study, apolipoprotein level and apoB/A1 ratio did not differ
between the low-dose rosuvastatin/ezetimibe combination
therapy and the high-dose rosuvastatin monotherapy. Those
results do not agree with the results from a previous study that
showed a greater apoB/A1 lowering effect from 5 mg/5 mg
atorvastatin/ezetimibe combination therapy than from 20 mg
atorvastatin monotherapy in patients without familial hyper-
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cholesterolemia or diabetes mellitus [10]. We do not know the
exact reason for that difference, but the use of different statins
(atorvastatin vs. rosuvastatin), different ezetimibe doses (5 mg
vs. 10 mg daily), and different patient populations (non-dia-
betics vs. diabetics) are all possible explanations.

Although we did not observe any differences in apolipopro-
tein level or apoB/Al ratio, triglyceride and FFA reductions
were greater in the combination group than in the monothera-
py group. In contrast, previous studies have shown that the re-
duction in triglycerides was similar between low-dose statin/
ezetimibe combination therapy and high-dose statin mono-
therapy [8,14]. In a study performed in individuals with pri-
mary hypercholesterolemia, the median change in triglycer-
ides was identical between 5 mg/5 mg atorvastatin/ezetimibe
combination therapy group and the 80 mg atorvastatin mono-
therapy group along with similar LDL-C reduction [14]. An-
other study performed in Korean subjects with high cardiovas-
cular risk and the same lipid-lowering regimens that we used
in this study found that the reduction in triglycerides was simi-
lar between the two groups [8]. The difference between that
study and this one was the patient population (non-diabetics
vs. diabetics), so further studies are warranted to determine
the efficacy of ezetimibe for triglyceride reduction in subjects
with and without diabetes.

Diabetes Metab ] 2019;43:582-589  http://e-dmj.org
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FFAs are a major energy source in the body that originate
from adipose tissue during lipolysis of triglycerides. Elevated
plasma FFA concentration is closely related to cardiometabolic
risk factors, including oxidative stress, insulin resistance, in-
flammation, atherosclerosis, and cardiovascular disease [16].
In a prospective cohort of 3,315 white individuals, FFA level
was an independent predictor of all-cause and cardiovascular
mortality in subjects with angiographically-proven coronary
artery disease during a median 5.4 years of follow-up [17]. In
addition, plasma FFA concentration was independently associ-
ated with incident heart failure in 4,248 adults >65 years old in
the Cardiovascular Health Study [18]. Regarding the effect of
lipid-lowering medications on plasma FFA concentration, a
meta-analysis of data from 14 treatment arms showed that
statin treatment significantly reduced plasma FFA concentra-
tion; however, change in plasma FFA concentration was inde-
pendent of treatment duration and degree of LDL-C reduction
[19]. In contrast, reports on the effect of ezetimibe on plasma
FFA concentration have been inconsistent [20-22]. In a small
study of individuals with isolated hypercholesterolemia, a
3-month treatment with ezetimibe failed to show a further re-
duction in plasma FFA concentration compared with a life-
style-modification-only group [20]. However, 40 mg/10 mg
simvastatin/ezetimibe combination therapy for 12 weeks was
more efficacious than 40 mg simvastatin monotherapy in plas-
ma FFA reduction [21]. Furthermore, a study of patients with
T2DM showed that a 6-month treatment of 10 mg ezetimibe
was superior to 5 mg atorvastatin in plasma FFA reduction de-
spite the superior total and LDL-C reduction in the atorvas-
tatin group [22].

A recent study suggested that statin treatment, especially the
use of high dosage, increased the risk of new-onset diabetes
[23]. On the other hand, adding ezetimibe to a statin had a
neutral effect on glucose tolerance and did not increase diabe-
tes risk in individuals with prediabetes [24]. If those results are
accurate, a low-intensity statin plus ezetimibe combination
therapy could reduce the risk of incident diabetes while pro-
viding LDL-C lowering ability similar to that with a high-in-
tensity statin regimen. In this study, fasting plasma glucose and
HbA1lc levels and HOMA indices were similar between the
two groups after a 6-week treatment. Therefore, although we
could not confirm the effect of ezetimibe on glucose tolerance
because of our small sample and short-term follow-up, it
would be interesting to determine the effect of a low-intensity
statin plus ezetimibe combination therapy on glucose metabo-
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lism in individuals with a high risk of incident diabetes or
prevalent diabetes.

This study has several limitations. First, it is small, with a
short-term treatment period. Thus, subsequent long-term fol-
low-up studies with a larger sample are necessary to confirm
our findings. Second, we did not determine the effects of other
statin and ezetimibe combination therapies on lipid parame-
ters (apoB/Al ratio, triglycerides, and FFA). Third, although
triglyceride and FFA concentrations decreased more in the
combination group than in the monotherapy group, it is still
unknown whether the low-intensity statin with ezetimibe
combination therapy provides additional cardiovascular bene-
fits over high-intensity statin monotherapy. Therefore, a car-
diovascular outcome study is needed to confirm the clinical
significance of our findings.

In conclusion, 6 weeks of daily combination therapy with 5
mg/10 mg rosuvastatin/ezetimibe showed LDL-C and apoB/
Al ratio reduction comparable to that from 6 weeks of daily 20
mg rosuvastatin monotherapy in patients with T2DM. Reduc-
tions in triglycerides and FFAs were greater in the combination
group than in the rosuvastatin monotherapy group. In addi-
tion, both treatments were generally well tolerated and did not
cause significant side effects.
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