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B Abstract

OBJECTIVES: There is extensive but controversial evi-
dence on the diverse effects of statins on the level of high-
density lipoprotein cholesterol (HDL-C). Some of these ef-
fects may limit the benefits of statins in terms of cardiovas-
cular risk reduction. To identify the conditions for beneficial
effects, this study investigated the response to atorvastatin
and simvastatin treatment in type 2 diabetic patients with
elevated low-density lipoprotein cholesterol (LDL-C).
METHODS: 2,872 subjects with type 2 diabetes from a dis-
ease management program were investigated. Patients with
LDL-C =130 mg/dI or total cholesterol =200 mg/d| were put
onto statin therapy by the National Health Insurance system
in Taiwan. RESULTS: 1,080 patients who completed 1 year
of statin treatment were analyzed. There were significant
reductions in LDL-C in both the atorvastatin (37.1%) and
simvastatin (34.3%) group after one year of treatment com-
pared with baseline levels. Unexpectedly, the majority of di-

abetic patients who received atorvastatin or simvastatin did
not show an increase in HDL-C levels. 59.8% of patients had
a significant HDL-C reduction (AHDL-C < -3%) after atorvas-
tatin treatment. Multivariate logistic regression analysis
showed that the following patients were at higher risk of
HDL-C reduction after 12 months: (i) patients in whom
statin therapy was initiated aged <65 years and who had a
BMI 224 kg/m? (ii) male patients with a baseline HDL-C
>40 mg/dl, and (iii) female patients with a baseline HDL-C
>50 mg/dl. However, diabetic patients with severe athero-
genic dyslipidemia (LDL-C 2130, TG =204, and HDL-C <34
mg/dl) obtained more benefits in terms of HDL-C change
after statin therapy. CONCLUSIONS: Diabetic patients, ex-
cept those with severe atherogenic dyslipidemia, are prone
to a decrease in serum HDL-C level after statin treatment,
particularly after atorvastatin treatment.

Keywords: high-density lipoprotein cholesterol - atorvas-
tatin - simvastatin - lipid - type 2 diabetes

1. Introduction

e atients with diabetes mellitus are at in-
<MD’ creased risk of cardiovascular diseases
E“@Q (CVvD) [1]. In this regard, increased low-
abéy?]sity lipoprotein cholesterol (LDL-C) is assumed
to be associated with the pathogenesis of athero-
sclerosis [2]. Since the discovery of statins, which
are potent LDL-C-lowering drugs, several large
clinical trials have shown that they successfully
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lower the risk of CVD in diabetic patients [3-7].
Based on the well-documented clinical efficacy and
safety profile of statins, the American Diabetes
Association recommended achievement of the
LDL-C target as first priority, and suggested that
statins are the optimal therapeutic agents for the
reduction of CVD risk [8]. Unfortunately, despite
the fact that statins have been widely prescribed
for diabetic patients with satisfactory LDL-C re-
duction, the risk of CVD remains substantial [9].
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Abbreviations:

AIM-HIGH - Atherothrombosis Intervention in Metabolic
Syndrome With Low HDL/High Triglycerides: Impact on
Global Health Outcomes trial

ANOVA - analysis of variance

ASCOT-LLA - Anglo-Scandinavian Cardiac Outcomes Trial
- Lipid Lowering Arm

ASPEN - Atorvastatin Study for Prevention of Coronary
Heart Disease Endpoints in Non-Insulin-Dependent Diabe-
tes Mellitus

CARDS - Collaborative Atorvastatin Diabetes Study
CVD - cardiovascular disease

HbA1c - glycosylated hemoglobin

HDL-C - high-density lipoprotein cholesterol

HMG-CoA - 3-hydroxy-3-methylglutaryl-coenzyme A
HPS - Heart Protection Study

LDL-C - low-density lipoprotein cholesterol

MDRD - modification of diet in renal disease

SPSS - statistical package of social sciences

TC - total cholsterol

TG - triglycerides

TNT - Treating to New Targets study

UKPDS - UK Prospective Diabetes Study

This may partly result from the persistently unsat-
isfactory serum concentrations of high-density lip-
oprotein cholesterol (HDL-C), triglycerides, and
non-HDL cholesterol after statin treatment [10,
11].

The impact of low HDL-C or elevated non-HDL
concentrations on CVD should not be overlooked.
In the Framingham study, Kannel et al. reported
that a low HDL-C level is the strongest factor
linked to CVD [12]. In the UKPDS study, HDL-C
was also identified as an important independent
factor in predicting major CVD events in diabetic
patients [13, 14]. Moreover, Jafri et al. showed
that the association between low levels of HDL-C
and increased CVD risk is unchanged, even under
statin treatment [15]. These studies indicate the
importance of serum HDL-C in CVD risk reduc-
tion.

Beyond their ability to lower LDL-C, statins
have long been recognized as increasing serum
HDL-C level by approximately 4-10% [16]. How-
ever, there may be discrepancies in diabetic pa-
tients. In the HPS study, diabetic patients treated
with simvastatin showed only an approximately
1% increase in serum HDL-C level compared with
placebo after 5 years of follow up [4]. In the AS-
COT-LLA study, HDL-C showed an insignificant
reduction (0.8%) in diabetic patients after 3.3
years of atorvastatin treatment [6]. In the CARDS
study in particular, serum HDL-C was observed to
be decreased by 9.4% after 3.9 years of atorvas-
tatin treatment [5]. These milestone trials did not
show the consistent result that long-term statin
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treatment results in an increase of serum HDL-C
in diabetic patients.

Besides the inconsistent HDL-C response in di-
abetic patients, it should be noted that patients of
different ethnicities may have dissimilar statin re-
sponses. In a double-blind randomized control tri-
al, Goldberg et al. reported that black/Hispanic pa-
tients had less favorable lipid changes after ator-
vastatin or simvastatin/ezetimibe management
than other races/ethnicities [17]. Furthermore,
several articles have indicated that several gene
polymorphisms could result in differences in lipid
changes between statins [18-20]. On the basis of
the above, our study aimed to evaluate the change
in HDL-C level after 1 year of atorvastatin and
simvastatin treatment in Chinese patients with
type 2 diabetes mellitus.

2. Methods

2.1 Subjects

From October 2006 to May 2012, a total of 2872
type 2 diabetic patients participated in a compre-
hensive diabetic care program in a specialized dia-
betic outpatient clinic [21, 22]. At enrollment in
the program, the patients’ HbAlc, total choles-
terol, LDL-C, HDL-C, triglycerides, and serum
creatinine levels were assessed, and their urine
was examined for albuminuria. At the annual
evaluation, these measurements were re-
examined. Hypertension was diagnosed if one of
the following criteria were present:

- Repeatedly measured systolic blood pressure
>140 mmHg

- Diastolic pressure >90 mmHg at a clinic visit

- If the patient had already been prescribed
anti-hypertensive medication at the time of
enrollment

Among these patients, statins were prescribed
to patients with LDL-C =130 mg/dl or total choles-
terol 2200 mg/dl, which is recommended by the
National Health Insurance system in Taiwan. Pa-
tients with TG =500 mg/dl who were prescribed
fenofibrate were excluded. Patients who had been
prescribed 10 mg atorvastatin and 20 mg simvas-
tatin for at least 12 months were included in the
present study. Blood samples were collected after
at least 8 hrs of overnight fasting. HbAlc was
measured by ion-exchange high-performance lig-
uid chromatography (VARIANT Il Turbo, Bio-Rad,
Hercules, CA, US). Urinary albumin concentra-
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tions were measured by immunoturbidmetry
(Beckman Instruments, Galway, Ireland) [24]. The
estimated glomerular filtration rate (eGFR) was
calculated by the traditional 4-variable MDRD
equation. A biochemical automatic analyzer
(Beckman-Coulter, Fullerton, CA, US) was used to
analyze blood samples. Serum levels of total cho-
lesterol, LDL-C, and triglycerides were measured
by a standard enzymatic method. Serum HDL-C
was measured by direct enzymatic methods using
commercial kits (Cholestest N-HDL, Sekisui Medi-
cal, Tokyo, Japan) with less than 3% intra-assay
and inter-assay coefficients of variance [22-24].
Our laboratory analyses were performed under in-
ternal and external quality control at the labora-
tory of the College of American Pathologists. The
study was approved by the Institutional Review
Board of Tri-Service General Hospital, Taipei,
Taiwan.

2.2 Statistical analysis

Continuous variables were presented as the
mean + S.D. Student’s t-tests were performed for
group comparisons. As the distribution of serum
triglyceride levels was skewed, logarithmically-
transformed values were used for statistical analy-
sis. Trend analyses were performed by ANOVA
with linear contrast between the groups. Chi-
square tests were conducted to compare categori-
cal variables. Univariate logistic regression analy-
ses were used to identify significant baseline de-
terminates of the reduction in serum HDL-C (i.e.,
AHDL-C <-3%). Multivariate forward stepwise lo-
gistic regression analysis was applied to identify
independent variables predicting a significant re-
duction in serum HDL-C. SPSS version 14.0
(SPSS, Chicago, IL) was used for statistical calcu-
lations. A p-value <0.05 was considered to be sig-
nificant.

3. Results

Out of 2,872 diabetic patients, a total of 1,080
patients (atorvastatin/simvastatin: 754/326) with
elevated total cholesterol or LDL-C who completed
1 year of statin treatment were analyzed. Table 1
shows the baseline clinical characteristics of the
study population. There were no significant differ-
ences in the physical and biological measurements
between the atorvastatin and simvastatin groups
before statin treatment. After 1 year of statin
treatment, there was a significant decrease in
HbAlc, total cholesterol (TC), LDL-C, and the ra-
tio of TC to HDL-C (TC/HDL-C) in both the ator-
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vastatin and simvastatin group (Table 2). There
was a significant decrease in TG, HDL-C, and the
ratio of TG to HDL-C (TG/HDL-C) in the atorvas-
tatin group, while the changes in these metabolic
factors were not statistically significant in the
simvastatin group. With the exception of TC/HDL,
the atorvastatin group showed a greater decrease
in all lipid parameters, including HDL-C, com-
pared with the percentage changes in lipid profile
in the simvastatin group (data not shown).

Table 1. Baseline characteristics of the 1080 type 2 diabetic pati-
ents in the atorvastatin and simvastatin treatment groups

Characteristic Atorvastatin Simvastatin
(n=754) (n=326)
Female/male (n) 456/298 185/141
Age (yr) 60.9 £10.9 61.1 £10.9
Diabetes duration (yr) 9.7 £ 6.6 9.7 £ 6.2
Hypertension (%) 56.0 56.1
Smoking (%) 18.9 21.2
Alcohol consume (%) 13.9 17.2
Micro-/macroalbuminuria (%) 33.7 34.8
BMI (kg/m?) 255+ 35 255+ 39
Systolic BP (mmHg) 1435 £237 1414 £196
Diastolic BP (mmHg) 84.4 £12.6 824 +114
eGFR (ml/min) 71.8 £25.0 69.5 +22.5

Insulin usage (%) 20.7 21.3

HbA1c (%) 89+ 23 92+ 23
Total cholesterol (mg/dl) 243.8 £36.6 241.3 +30.8
Triglycerides (mg/dl) 159.7 £77.5  163.8 £80.1
LDL-C (mg/dl) 162.8 £26.9  160.5 £22.8
HDL-C (mg/dl) 450+ 99 450 134
TC/HDL-C 57+ 14 58 £ 1.6
TG/HDL-C 38+ 24 41+ 25

Legend: Data are mean + SD, or percentages. Abbreviations: BMI —
body mass index; BP — blood pressure; eGFR — estimated glomeru-
lar filtration rate; HbAlc — glycosylated hemoglobin; HDL-C - high-
density lipoprotein cholesterol; LDL-C — low-density lipoprotein cho-
lesterol; TC — total cholesterol; TG - triglycerides.

To identify the clinical differences in HDL-C re-
sponse after 1 year of atorvastatin or simvastatin
treatment, we stratified the patients into 3 groups
(see Tables 3 and 4, and Figure 1):

1. AHDL-C <£-3%
2. -3% < AHDL-C < 3%
3. AHDL-C 23%

Rev Diabet Stud (2013) 10:213-222
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Table 2. Lipid parameters of the 1080 type 2 diabetic patients at baseline and after 12 months of

atorvastatin or simvastatin treatment

sponders in the simvas-
tatin group (data not

Parameter Atorvastatin Simvastatin Showr_])'
- - With  regards to
Baseline 12 months Baseline 12 months baseline metabolic fac-
HbALc (%) 89 + 23 84 + 18 92+ 23 83+ 1.8* tors, regardless of ator-
Total Cholesterol (mg/dl) 2438 +36.6 1751 +41.1* 2413 +30.8  188.3 +32.1* vastatin or simvastatin
Triglycerides (mg/dl) 1507 +775 1357 +100.7 1638 +80.1  168.2 £95.3 treatment, patients
LDL-C (mg/dl) 162.8 269  101.9 +31.6* 1605 +22.8 1053 £26.5* with a better HDL-C
HDL-C (mg/dl) 450 + 99 424 +103* 450 +134 458127 response had a lower
TC/HDL-C 57 % 14 43+ 12* 58+ 16 45+ 13* serum HDL-C,  but
TG/HDL-C 38 + 24 35+ 30% 41+ 25 41+ 33 higher  TC/HDL-C  ini-

Legend: Data are means + SD. * Significant different compared with baseline in the atorvastatin or
simvastatin group (p < 0.05). Abbreviations: HbAlc — glycosylated hemoglobin; HDL-C - high-
density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol; TC — total cholesterol;

TG - triglycerides.

The prevalence of AHDL-C = -3%, -3% < AHDL-
C < 3%, and AHDL-C =23% in the atorvastatin
group was 59.8%, 12.6%, and 27.6%, respectively.
The prevalence of AHDL-C = -3%, -3% < AHDL-C <
3%, and AHDL-C =3% in the simvastatin group
was 44.8%, 13.2%, and 42.0%, respectively. Pa-
tients who took atorvastatin had a higher preva-
lence of AHDL-C = -3% than those who took sim-
vastatin (p < 0.001). The atorvastatin users who
tended to have a better HDL-C response were
older (p = 0.026) and had a lower eGFR (p = 0.001),
while there were no differences in the basic physi-
cal characteristics among the different HDL-C re-

tially. We also found
that patients with a
better HDL-C response
had a lower decrement
in TC, but higher dec-
rements in serum TG,
TC/HDL-C, and TG/
HDL-C in both the atorvastatin and simvastatin
treatment groups. Regarding the percentage
change in LDL-C, a significant trend associated
with HDL-C response was found in the atorvas-
tatin group only, not in the simvastatin group.

In the univariate logistic regression analyses
(Table 5, model 1), patients aged <65 years, with a
BMI =24 kg/m?, baseline serum HDL-C >50 mg/dl
in females or serum HDL-C >40 mg/dl in males
and who took atorvastatin treatment showed a
positive association with the percentage reduction
in HDL-C (AHDL-C = -3%). In contrast, TC/HDL-C
>5 and increased TG associated with low HDL-C

Table 3. Characteristics of the type 2 diabetic subjects stratified according to the percentage change in the 12-month HDL-cholesterol level

after atorvastatin treatment (n = 754)

Variable AHDL-C = 3% (n = 208) -3% < AHDL-C < 3% (n = 95) AHDL-C < -3% (n = 451) p
Baseline After 12 mo % Baseline After 12 mo % Baseline After 12 mo %
Age (yr) 62.5 +10.4 60.8 + 11.3 60.2 +11.0 0.026
eGFR (ml/min) 67.1 £20.9 69.1 + 23.0 74.6 +26.8 0.001
HbA1c (%) 89+ 23 84+ 18% 27 90+ 22 84 + 1.9* -42 90z 22 84+ 18 33 NS
TC (mg/dI) 2450 +445 187.4 £43.0% -230 2412 £27.8 1784 +41.7* -26.0 | 2438 +342 168.7 +38.7* -305 NS
TG (mg/dl) 162.6 +825 122.6 +87.5* -20.1 | 160.7 + 754 1315 £75.0* -14.0 | 158.1 £75.6 142.7 £110.1* -44; NS
LDL-C (mg/dl) :162.4 £28.9 108.9 £33.0* -32.6 | 162.9 + 245 106.2 +35.0* -349 | 163.0 £26.4  97.8 +29.5* -396 NS
HDL-C (mg/dl) 431 £10.2 491 £11.4* 150 435+ 99 434 + 98 02 462+ 96  39.1% 80* -149 <0.001
TC/HDL-C 6.0 + 1.9 40 + 1.1* -324 58 + 13 43 + 1.3* -259 55+ 12 45+ 12* -175: <0.001
TG/HDL-C 42 + 2.9 27 £ 22 -296 40 + 23 33+ 22* 138 36+ 21 40+ 34* 152 0.022

Legend: Data are mean * SD, or percentage. Percent change calculated as (data measured at 12 months - data measured at baseline)/data
measured at baseline. * significant difference compared with baseline (p < 0.05). P-values for baseline comparisons. Abbreviations: eGFR - es-
timated glomerular filtration rate; HbAlc — glycosylated hemoglobin; HDL-C - high-density lipoprotein cholesterol; LDL-C - low-density lipo-
protein cholesterol; NS — not significant; TC — total cholesterol; TG - triglycerides.
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Table 4. Characteristics of the type 2 diabetic subjects stratified according to the percentage change in the 12-month HDL-cholesterol level

after simvastatin treatment (n = 326)

Variable AHDL-C = 3% (n = 137) -3% < AHDL-C < 3% (n = 43) AHDL-C < -3% (n = 146) p
Baseline After 12 mo % Baseline After 12 mo % Baseline After 12 mo %
HbAlc (%) 9.1+ 23 81+ 1.7 -7.7 96 + 23 84 + 18* -9.7 93+ 24 84+ 18* -6.3 NS
TC (mg/dl) 2375 +£289 191.7 +30.3* -18.9 | 241.3 + 249 1945 +£28.1* -26.0 | 2449 +33.7 1835 +£34.2* -24.6 NS
TG (mg/dl) 161.4 £70.7 1446 +*61.5* -20 1679 =853 153.0 +679 -0.6 | 1654 £86.5 177.3 £122.8* 16.1 NS
LDL-C (mg/dl) 161.6 +23.0 106.5 +26.5* -33.6 | 159.9 + 16,5 1122 £19.9* -29.7 | 159.8 +24.3 102.2 +27.8* -35.7 NS
HDL-C (mg/dl) 411 114 49.2 £14.0* 203 | 441 =110 441 +£10.8 0.0 | 489 £145 40.8 £10.5* -15.6 | <0.001
TC/HDL-C 6.1 £ 1.6 42 + 1.2* -31.9 58 + 14 46 + 09* -194 54 + 15 48+ 15* .98 <0.001
TG/HDL-C 43+ 23 33 £ 2.0* -231 42 + 26 37+ 20 04 39 + 25 49+ 42* 26.1 NS

Legend: Data are mean = SD, or percentage. Percent change calculated as (data measured at 12 months - data measured at baseline)/data
measured at baseline. * significant difference compared with baseline (p < 0.05). P-values for baseline comparisons. Abbreviations: eGFR — es-
timated glomerular filtration rate; HbAlc — glycosylated hemoglobin; HDL-C - high-density lipoprotein cholesterol; LDL-C - low-density lipo-
protein cholesterol; NS - not significant; TC — total cholesterol; TG — triglycerides.

(i.e., TG >150 mg/dl associated with HDL-C <50
mg/dl in females or HDL-C <40 mg/dl in males; TG
=204 mg/dl and HDL-C =34 mg/dl) showed a nega-
tive association. In multivariate forward stepwise
logistic regression analysis (Table 5, model 2), we
investigated the independent factors associated
with the change in HDL-C after statin treatment.
Among patients aged <65 years and with a BMI
>24 kg/m? baseline serum HDL-C >50 mg/dl in
females or serum HDL-C >40 mg/dl in males were
significantly associated with HDL-C changes. Pa-
tients who took atorvastatin rather than simvas-
tatin also had a higher risk of AHDL-C = -3%. In-
terestingly, we found that patients with TG >204
mg/dl and HDL-C =34 mg/dl, but not females with
TG >150 mg/dl and HDL-C =50 mg/dl or males
with serum HDL-C =40 mg/dl, were protected
against AHDL-C = -3%.

4. Discussion

A recent meta-analysis, which includes several
short-term studies (4-12 weeks), indicate that dia-
betic patients benefit by increasing serum HDL-C
after statin treatment [25]. In contrast, our results
do not support a positive HDL-C change after 1
year of atorvastatin and simvastatin treatment in
Chinese diabetic patients.

In the HPS study, patients treated with sim-
vastatin showed an approximately 1% increase in
serum HDL-C level [4]. In the CARDS study, pa-
tients treated with atorvastatin showed a 9% de-
crease in serum HDL-C level [5]. In the ASCOT-
LLA and the TNT study, serum HDL-C barely
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changed [6, 7]. Although the ASPEN study demon-
strated a significant improvement in serum HDL-
C, this amounted to an approximately 2% eleva-
tion only [26]. All of these large long-term statin
trials show an underperformance in causing HDL-
C changes in diabetic patients. Our results are in
accordance with these large studies, and suggest
that the improvements seen in serum HDL-C in
diabetic patients under “long-term” atorvastatin
and simvastatin treatment should be reassessed.

The following results may be a source of some
indirect support for our results. In a pan-European
survey of diabetic patients, 89% of whom were on
statin treatment, Bruckert et al. reported that 45%
of patients had a low HDL-C [11]. In a high-risk
CVD population, in which 65% of patients were
managed by statin treatment, Alsheikh-Ali et al.
reported that over 60% of patients had a low HDL-
C across all levels of LDL-C [10]. Surprisingly, the
prevalence of low HDL-C was nearly 80% in those
patients with LDL-C <70mg/dl [10]. Moreover, low
serum HDL-C was equally prevalent in statin us-
ers vs. non-statin users (67% vs. 64%; p = NS) [10].
These epidemiological studies may shed a different
light on the improvement of low HDL-C by statins
in the real world.

There are several explanations for the dimin-
ished HDL-C elevation found after statin treat-
ment in diabetic patients (Figure 2). Firstly, sev-
eral enzymes, including lipoprotein lipase, hepatic
lipase, and phospholipid transfer protein, involved
in HDL-C metabolism and remodeling are reported
to be impaired in an insulin-resistant milieu [27].
These enzymatic abnormalities may attenuate the

Rev Diabet Stud (2013) 10:213-222
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Figure 1. Basal total cholesterol, triglycerides, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein choles-
terol (HDL-C), and changes in these parameters in the diabetic patients after 1 year of atorvastatin or simvastatin treatment,
stratified by the percentile changes in HDL-C (i.e. AHDL-C = 3%, -3% < AHDL-C < -3%, and AHDL-C <-3%). P-value: trend
analysis for percentage change. * p < 0.05 compared with baseline.

positive effect of statins on HDL-C in diabetic pa-
tients. Secondly, it is known that the liver could be
the major source of the cholesterol that circulates
in HDL-C [28], and prolonging the inhibition of
HMG-CoA reductase by statins may result in the
depletion of hepatic cholesterol, leading to de-
creased production of HDL-C [16]. Our results re-
garding HDL-C response after statin treatment
may also be partly affected by ethnicity differ-
ences.

It should be noted that our understanding of
the response to statins has been predominantly
derived from Caucasian populations, However, in
Chinese diabetic patients, Chu et al. showed that
serum HDL-C decreased insignificantly by ap-
proximately 1.4-5.2% after 10-40 mg of atorvas-
tatin treatment [29]. In Japanese diabetic pa-
tients, Shimabukuru et al. demonstrated a signifi-
cant 4.2% reduction in serum HDL-C after a 6-

Rev Diabet Stud (2013) 10:213-222

month atorvastatin treatment [30]. In Turkish
diabetic patients, Akalin et al. reported a non-
significant change in serum HDL-C after statin
treatment [31]. Associated with our results, the ef-
fectiveness of statins in altering serum HDL-C
level in diabetic patients with diverse ethnicities
may need further clarification.

Our results show that simvastatin changed
HDL-C levels in diabetic patients more effectively
than atorvastatin. In a meta-analysis, atorvastatin
was not shown to be superior, and even showed
some inferiority, in terms of increasing HDL-C
across all dosage comparisons as compared with
simvastatin [32]. In a recently published study,
simvastatin showed a higher increase in the per-
centage change in HDL-C than atorvastatin across
all levels of identical dosage in diabetic patients
[25]. Also, in contrast to the consistency of effect
shown by simvastatin in altering serum HDL-C,

Copyright © by Lab & Life Press/SBDR
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Table 5. Logistic regression analysis of baseline variables regarding the reduction of HDL-C (i.e. AHDL-C <-3%) after 12 months of statin

treatment

Variable Model 1: univariate Model 2: multivariate forward stepwise
Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value

Male 0.819 (0.648-1.035) 0.095

Age <65 years 1.408 (1.112-1.784) 0.005 1.399 (1.090~1.794) 0.008

Smoking (yes) 1.029 (0.777-1.364) 0.841

Alcohol (yes) 1.252 (0.912-1.718) 0.165

BMI =24 kg/m’ 1.339 (1.056-1.699) 0.016 1.519 (1.178~1.960) 0.001

HbAlc =7% 1.008 (0.737-1.378) 0.962

TC >200 mg/dl 0.794 (0.223-2.829) 0.722

HDL-C >50 mg/dl (female) or HDL-C 2.122 (1.666-2.703) <0.001 2.146 (1.661~2.774) <0.001

>40 mg/dl (male)

TG >150 mg/dl 0.891 (0.707-1.123) 0.329

TC/HDL-C >5 0.588 (0.460-0.751) <0.001

TG>150 mg/dl and HDL-C <50 mg/dl 0.616 (0.482-0.787) <0.001

(female) or HDL-C <40 mg/dI (male)

TG 2204 and HDL-C <34 mg/dl 0.211 (0.107-0.415) <0.001 0.242 (0.118~0.495) <0.001

Albuminuria (yes) 0.835 (0.654-1.066) 0.148

eGFR >45 (ml/min/1.73 m’) 1.375 (0.957-1.975) 0.085

Atorvastatin vs. simvastatin 1.852 (1.453-2.361) <0.001 1.847 (1.433~2.380) <0.001

Legend: R? = 0.160 for atorvastatin vs. simvastatin, model 2. Abbreviations: eGFR — estimated glomerular filtration rate; HbAlc — glycosylated
hemoglobin; HDL-C - high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol; NS - not significant; TC — total chole-

sterol; TG - triglycerides.

the study demonstrated that a smaller increase in
serum HDL-C was obtained with higher atorvas-
tatin doses [25]. Although, the differences in struc-
ture between simvastatin and atorvastatin may
contribute to the differences in changes in serum
HDL-C [33], our results may also be partly due to
the differences in the pharmacogenetic responses
to simvastatin and atorvastatin in the Chinese
population [19, 20, 34]. On the basis of the above,
simvastatin may be more effective in changing se-
rum HDL-C level than atorvastatin in Chinese di-
abetic patients.

Our results may suggest that severe athero-
genic dyslipidemia (TG =204 mg/dl and HDL-C
<34 mg/dl) could be determinant for the change in
serum HDL-C after statin treatment. Increased
triglycerides and low HDL-C levels characterizing
diabetic patients result from a disequilibrium of
lipid metabolism in an insulin-resistant milieu
(Figure 2). Thus, diabetic patients with severe
atherogenic dyslipidemia manifest this serious
metabolic dysfunction, and these patients may ex-
perience more benefit from medical correction. Re-
cently, Shimabukuro et al. found that the ability of
pitavastatin to increase serum HDL-C could not be

www.The-RDS.org

replicated in a small diabetic group with a mean
HDL-C >50mg/dl and TG <150mg/dl [30]. Together
with the results of Ginsberg et al., who reported
that only diabetic patients with TG =204 mg/dl as-
sociated with HDL-C <34 mg/dl had a reduced risk
of CVD under intensive lipid-lowering therapy
[35], these findings support our results that dia-
betic patients with severe atherogenic dyslipide-
mia may have a better clinical response under
dyslipidemia therapy.

The significance of the clinical implications of
statins in changing serum HDL-C may be ques-
tioned, but it should be noted that serum HDL-C
may be an independent predictor of CVD risk even
under statin treatment [15]. Furthermore, Brown
et al. clearly indicated that the simple addition of
the percentage reduction in LDL-C and the per-
centage increase in HDL-C is far more effective
than either lipoprotein component alone [36]. The
solid clinical benefits of statins and the disappoint-
ing results obtained by adding niacin to statin
treatment, as demonstrated in the AIM-HIGH
study [37], emphasize the potential importance of
differences between statins related to the changes
in serum HDL-C level they induce.

Rev Diabet Stud (2013) 10:213-222
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Figure 2. Proposed mechanisms of HDL lowering in type 2 diabetic patients. Increased insulin resistance at the adipocyte
causes increased release of free fatty acid (FFA) flux into the liver, and stimulates the assembly and secretion of triglyceride
(TG)-rich lipoprotein. Cholesterol ester transfer protein (CETP) mediates the transfer of TG from TG-rich lipoproteins to HDL
in exchange for cholesterol ester (CE). The TG-rich HDL patrticles, characterized by structural instability and loosely bound
Apo-Al, are voluntarily hydrolyzed by hepatic lipase (HL), which results in more rapid clearance of free Apo-Al and HDL
remnants. In association with impaired lipoprotein lipase (LPL) and phospholipid transfer protein (PLTP) activity in the remod-
eling of HDL, the constellation of the above factors may lead to decreased serum HDL concentrations in type 2 diabetic pa-
tients. There are two possible explanations for the postulated mechanism of our HDL-C response after 1 year of statin therapy:
1. The impaired enzymatic activity involving HDL metabolism may attenuate the positive effect of statin in changing the HDL
concentration. 2. The source of cholesterol in HDL may be decreased by the prolonged inhibition of hepatic cholesterol syn-

thesis with statin therapy.

Although our report is the first to show the dif-
ferences in long-term HDL-C response between
atorvastatin and simvastatin in Chinese diabetic
patients, the study has several limitations. Firstly,
the effects of physical activity, alcohol intake, and
diet compliance on HDL-C could not be accurately
reported. Secondly, our study participants were re-
cruited from a single clinical unit, which may limit
extrapolation of our results to the general Chinese
diabetic population. Thirdly, our study may be bi-
ased by the coefficients of variation associated
with measurements of serum HDL-C concentra-
tion. Fourthly, we did not clarify the pharmacoge-
netic effects seen in our study. Despite these limi-
tations, our results were based on a large diabetic
cohort, and we believe that our study may remind
clinicians to pay attention to HDL-C response after
long-term statin treatment.

Rev Diabet Stud (2013) 10:213-222

Our results make two major contributions to
the current literature. Firstly, our study indicated
that most of the Chinese diabetic patients did not
benefit in terms of serum HDL-C after 1 year of
atorvastatin or simvastatin treatment. Secondly,
the majority of the Chinese diabetic patients with
an increased LDL-C level, except for those with
severe hypertriglyceridemia and low serum HDL-
C, may experience a decrease in serum HDL-C af-
ter statin treatment, particularly after atorvas-
tatin. In conclusion, diabetic patients, apart from
those with profound atherogenic dyslipidemia,
may experience a decrease in serum HDL-C level
after statin treatment, particularly after atorvas-
tatin treatment.
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