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Article history: Background: We evaluate the prevalence of persistent lipid abnormalities and statin use in Chinese coronary
Received 14 November 2014 artery disease patients with and without diabetes.

Accepted 5 January 2015 Methods and results: In this cross-sectional observational study, 8965 outpatients from 200 clinical departments

Available online 7 January 2015 of 122 hospitals in 27 provinces nationwide of China who had coronary artery disease and were taking a statin

were consecutively enrolled and divided into two groups based on diabetes status. The European Society of
Cardiology/European Arthrosclerosis Society Guidelines for the management of dyslipidemias and the Chinese
Guidelines on Prevention and Treatment of Dyslipidemia in Adults were used to compare the control rates of
low density lipoprotein (LDL) cholesterol, high density lipoprotein (HDL) cholesterol, and triglycerides (TG).
Among the 8965 participants, 33.3% had been diagnosed with diabetes mellitus. According to the ESC Guidelines,
the percentage of patients with not at goal LDL cholesterol did not differ significantly between patients with di-
abetes and those without diabetes (71.9% vs. 72.7%, P = 0.46). The percentages of patients with not-at-goal levels
of HDL and TG were 42.9% vs. 34.4% (P < 0.001) and 39.1% vs. 34.3% (P < 0.001) among patients with diabetes and
those without, respectively. Only approximately 10% of patients in both groups had optimal LDL-C, HDL-C, and TG
levels. Compared with patients without diabetes, patients with diabetes were more likely to have mixed dyslip-
idemia. Atorvastatin (47.0%) and simvastatin (34.4%) were the two most frequently used statins, and the average
statin dosage was 29.09 mg/day (simvastatin equivalent). Less than 1% of patients were treated with another
lipid-lowering drug in combination with a statin.

Conclusions: Although international guidelines highly recommend intensive lipid modulation in patients with
coronary artery disease, persistent dyslipidemia is still prevalent among these patients in China, even with statin
treatment.
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1. Introduction 5-year incidence rate of major coronary events, coronary revasculariza-

tion, and stroke decreases by 20%, independent of the initial lipid level

Coronary artery disease (CAD) involves atherosclerosis of arteries
via the slow progression of luminal narrowing. Atherosclerotic plaques
are characterized by the storage of apolipoprotein B-containing lipopro-
teins in the space under the endothelium [1]. Lipid accumulation acti-
vates dendritic cells, macrophages, smooth muscle cells, and T cells,
leading to maladaptive inflammatory responses [2]. Because dyslipid-
emia increases the probability of atherosclerosis, it is a risk factor for
CAD.

A prospective meta-analysis involving 14 randomized trials of
statins including 90,056 individuals showed that with every 1.0
mmol/L reduction in low-density lipoprotein cholesterol (LDL-C), the
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[3]. Many other studies have also concluded that statins are the optimal
medication for treating dyslipidemia, especially that related to LDL-C
and total cholesterol (TC) [4-7].

Although international guidelines recommend statin therapy to de-
crease the risk of cardiovascular disease (CVD), the rate of LDL-C control
is only 40-50% in countries other than China that are involved in the
Dyslipidemia International Study (DYSIS), according to the European
Society of Cardiology (ESC)/European Arthrosclerosis Society (EAS)
Guidelines for the management of dyslipidemias. Compared to that in
all patients, the rate of control in patients with a very high risk of CVD
is approximately 10% lower [8-10]. In China, CAD is the second leading
cause of premature death. The data from the Global Burden of Diseases,
Injuries, and Risk Factors Study 2010 (GBD 2010) for 1990 and 2010 in
China showed that the age-standardized mortality for coronary heart
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Table 1
Patient characteristics.
All patients CAD with DM CAD without DM p?
N = 8965 N = 2982 N = 5983

Age, years, mean 4 SD 70.33 £ 10.23 71.02 £+ 10.19 70.00 + 10.24 <0.001
Female, % (n/N) 42.1 (3773/8965) 45.1 (145/2982) 40.6 (2428/5983) <0.001
First-degree family history of premature CVD, % (n/N) 11.6 (1037/8960) 11.7 (350/2979) 11.5 (687/5981) 0.71
Current smoker, % (n/N) 11.9 (1070/8965) 12.3 (368/2982) 11.7 (702/5983) 0.40
Sedentary lifestyle, % (n/N) 21.6 (1940/8964) 25.3 (759/2981) 19.7 (1181/5983) <0.001
BMI, kg/m?, mean = SD (n) 24.72 4 3.33 (8960) 25.17 4 3.32 (2980) 24.49 £ 3.30 (5980) <0.001
BMI <25 kg/m? (normal weight), % (n/N) 55.7 (4991/8960) 50.0 (1491/2980) 58.5 (3500/5980) <0.001
BMI 25-30 kg/m? (overweight), % (n/N) 38.7 (3466/8960) 42.7 (1273/2980) 36.7 (2193/5980)
BMI >30 kg/m? (obese), % (n/N) 5.6 (503/8960) 7.2 (216/2980) 4.8 (287/5980)
Waist circumference >90 cm (M), >80 cm (W), % (n/N) 58.7 (5222/8902) 65.2 (1935/2968) 55.4 (3287/5934) <0.001
PAD, % (n/N) 1.8 (157/8965) 2.3 (70/2982) 1.5 (87/5983) 0.002
Cerebrovascular disease, % (n/N) 15.8 (1420/8965) 20.6 (613/2982) 13.5 (807/5983) <0.001
Heart failure, % (n/N) 8.5 (766/8965) 11.8 (352/2982) 6.9 (414/5983) <0.001
Hypertension, % (n/N) 73.8 (6613/88965) 83.3 (2484/2982) 69.0 (4129/5983) <0.001
SBP, mm Hg, mean + SD 130.71 + 16.04 132.78 + 16.87 129.68 + 15.50 <0.001
DBP, mm Hg, mean =+ SD 77.29 £+ 9.81 77.24 + 1031 77.32 £ 9.55 0.73
Blood pressure <140/90 mm Hg, % (n/N) 66.5 (5962/8965) 61.3 (1827/2982) 69.1 (4135/5983) <0.001
Blood pressure <130/80 mm Hg, % (n/N) 28.0 (2506/8965) 257 (765/2982) 29.1 (1741/5983) 0.001
Fasting plasma glucose, mmol/L, mean + SD 6.17 4 2.10 (4906) 7.52 +2.82 (1721) 5.46 + 1.00 (3185) <0.001
HbA1c, median (IQR) (n) 6.6 (5.9-7.6) (1687) 7.0 (6.5-8.1) (1257) 5.8 (5.4-6.0) (430) <0.001°

CAD, coronary artery disease; DM, diabetes mellitus; CVD, cardiovascular disease; M, men; W, women; PAD, peripheral arterial disease; SBP, systolic blood pressure; and DBP, diastolic

blood pressure.

2 P <0.05, based on independent samples t test or separate variance estimation t-test comparing results for patients with and without DM.

> P <0.05 based on the Mann-Whitney U test.

disease increased from 55.7 per 100,000 people in 1990 to 77.1 in 2010
[11]. Diabetes mellitus (DM) is a CAD equivalent disease [4]; that is, for
patients with DM and no history of myocardial infarction, the risk of
CVDis as high as that in patients with a history of myocardial infarction
and without DM [12]. However, there is a paucity of data needed to es-
timate average lipid levels in CAD patients in China and to assess the dif-
ferences between patients with and without DM. The objective of the
present study was to analyze the prevalence of dyslipidemia and lipid-
lowering drug use in Chinese patients with CAD. Moreover, we also
present the current situation of lipid lowering therapy and the impor-
tance of intensive lipid lowering therapy to achieve optimal lipid levels.

2. Methods
2.1. Study population

This study was a subgroup analysis of the DYSIS-China. 8965 outpatients from 200
clinical departments of 122 hospitals in 27 provinces nationwide of China who had coro-
nary artery disease and were taking statin were consecutively enrolled and divided into
two groups based on diabetes status. All patients who were 45 years or older had been
treated with statin for at least 3 months, and were diagnosed with CAD by invasive or
non-invasive tests, such as stress electrocardiography (ECG), stress echocardiography, nu-
clear imaging, computed tomography angiography (CTA), and coronary angiography
(CAG), or diagnosed after myocardial infarction, percutaneous coronary intervention
(PCI), or coronary artery bypass grafting (CABG). Patients actively participating in another
clinical study were excluded.

2.2. Data collection

Lipid parameters from the last lipid test 6-12 months previously for TC, LDL-C, high-
density lipoprotein cholesterol (HDL-C), and triglycerides (TG) were recorded. The ESC/
EAS Guidelines for the management of dyslipidemias [6] and the Chinese Guidelines on
Prevention and Treatment of Dyslipidemia in Adults [4] were used for risk stratification
of patients and to stipulate the LDL-C goal, low HDL-C levels, and elevated TG levels.

We recorded patients' age and gender as well as clinical variables related to CAD
(Table 1). Cut-off values for waist circumference were at least 90 cm for men and 80 cm
for women, and DM was diagnosed by serum glucose of at least 7.0 mmol/L, HbA1c no
less than 6.5%, current use of diabetes therapy, or previous DM diagnosis. Information re-
garding statin use, including the type and dosage, was collected, and statin dose was nor-
malized to six different simvastatin doses [13,14]. The use of other lipid-modifying drugs
in combination with a statin also was recorded.

2.3. Lipid targets

Based on the ESC/EAS Guidelines for the management of dyslipidemias, for CAD pa-
tients, the LDL-C target is <1.8 mmol/L. According to the Chinese Guidelines on Prevention

and Treatment of Dyslipidemia in Adults, the patients were divided into two groups based
on dyslipidemia risk stratification: high-risk and very high-risk groups. The lipid targets
differ between the two groups [4].

2.4. Statistical analysis

Continuous variables are given as means with standard deviations or medians with
25th and 75th percentiles (interquartile range). Categorical variables are shown as per-
centages and absolute numbers. Independent samples t tests, separate variance estimation
t tests, or Mann-Whitney U tests were used for comparisons of continuous variables. Chi-
square tests were used to compare categorical values. Independent factors associated with
dyslipidemia were analyzed by multiple logistic regression analysis. P < 0.05 was consid-
ered statistically significant. Statistical Product and Service Solutions (version 19) software
was used for data analysis.

3. Results

The demographic and metabolic data for enrolled CAD patients are
presented in Table 1. The patient characteristic data were based on
8965 patients, with the exceptions of fasting blood glucose and HbA1c
levels, which were measured in 4906 and 1687 subjects, respectively.
The percentages of patients with and without DM were 33.3% and
66.7%, respectively. Compared to patients without DM, the patients
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Fig. 1. Statin dose potency. The potency categories 1, 2, 3,4, 5,and 6 are equal to simvastatin
doses of 5, 10, 20, 40, 80, and 160 mg/day, respectively.
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Table 2
Use of statins and combination therapy.
With DM Without DM P
N = 2982 N = 5983
Statin dose, mg/day, simvastatin equivalent unit, mean 4- SD 28.64 + 13.53 2932 + 12.78 0.02%
Patients using nicotinic acid in addition to statin, % (n/N) 0.03 (1/2981) 0.05 (3/5983) 1.00°
Patients using ezetimibe in addition to statin, % (n/N) 0.2 (5/2982) 0.3 (16/5983) 0.36°
Patients using fibrate in addition to statin, % (n/N) 0.5 (16/2982) 0.4 (23/5983) 0.30°

2 P <0.05 based on the independent sample t test.
b P <0.05 based on chi-square test or chi-square test with correction for continuity.

with DM were older (71.02 vs. 70.00 years) and more likely to be female
(45.1% vs. 40.6%), have a sedentary lifestyle (25.3% vs. 19.7%), a higher
body mass index (BMI; 25.17 vs. 24.49 kg/m?), a waist circumference
greater than the recommended value (65.2% vs. 55.4%), a higher systolic
blood pressure (132.78 vs. 129.68 mm Hg), hypertension (83.3% vs.
69.0%), peripheral artery disease (PAD; 2.3% vs. 1.5%), cerebrovascular
disease (20.6 vs. 13.5%), and a history of heart failure (11.8% vs. 6.9%).
Although differences in some variables between the two groups were
small, they were statistically significant (P < 0.05). However, differences
in a first degree family history of premature CVD (11.7% vs. 11.5%), cur-
rent smoking (12.3% vs. 11.7%), and diastolic blood pressure (77.24 vs.
77.32 mm Hg) were not statistically significant. Compared to patients
without DM, those with DM had lower rates of blood pressure control
(61.3% vs. 69.19% for blood pressure <140/90 mm Hg and 25.7% vs.
29.1% for <130/80 mm Hg). Because grouping was based on the pres-
ence of DM, differences in fasting plasma glucose and HbA1c were obvi-
ously significant between the groups. The 2013 ESC Guidelines on
diabetes identified goals of less than 7.0% for HbA1c and less than 7.2
mmol/L for fasting plasma glucose [15]. The average glucose level in pa-
tients with DM was higher than the target value, and only about half of
the patients met the target level for HbA1c. The percentages of obese pa-
tients as well as patients with a waist circumference exceeding the rec-
ommended targets in the two groups did not differ significantly.
However, abdominal obesity was more common among DM patients.

3.1. Use of statins and other lipid-modifying therapies

Atorvastatin (47.0%) and simvastatin (34.4%) were the two most fre-
quently prescribed statins, and statin dose potency 3 (41.0%) and poten-
cy 4 (46.3%), which are equivalent to 20 and 40 mg/day simvastatin,
respectively, were the two most commonly used potencies (Fig. 1). Pa-
tients with DM received a larger statin dose than those without DM
(29.32 vs. 28.64 mg/day simvastatin equivalent). Less than 1% of pa-
tients received a drug combination for lipid reduction. The drug most
commonly used in combination with a statin was fibrate, but this regi-
men was used in only 0.5% of patients with DM and 0.4% of patients

without DM. The percentages of patients taking combinations of statin
and niacin or ezetimibe were very low and not significantly different
in the two groups (Table 2).

3.2. Lipid measurements

According to the China Guidelines, in patients with and without DM,
the levels of TC (4.25 vs. 4.23 mmol/L) and LDL-C (2.42 vs. 2.39 mmol/L)
did not differ significantly. However, patients with DM had significantly
higher rates of not-at-goal TC (83.3% vs. 48.1%, P < 0.001) and LDL-C
(59.5% vs. 35.6%, P <0.001) compared to those without DM. In addition,
comparing patients with DM to those without, patients with DM had a
lower HDL-C level (1.19 vs. 1.25 mmol/L), higher TG level (1.46 vs.
1.39 mmol/L), higher percentage of below-target HDL-C (37.4% vs.
29.7%, P < 0.001), higher percentage of elevated TG (39.1% vs. 34.3%,
P <0.001), and higher percentage of patients with not-at-goal three in-
dicators for LDL-C, HDL-C and TG simultaneously (16.9% vs. 31.9%, P <
0.001; Table 3).

According to the ESC Guidelines, patients with DM group, compared
to those without DM, both had a lower percentage of not-at-goal LDL-C
(71.9% vs. 72.7%, P = 0.46), a higher percentage of below-target HDL-C
(42.9% vs. 34.4%,P < 0.001) and higher percentage of elevated TG (39.1%
vs. 34.3%,P <0.001). Approximately 10% of patients with DM had an op-
timal combined score for LDL-C, HDL-C, and TG (Table 4), compared
with 13% among patients without DM (P = 0.003). It was about 29% pa-
tients with not-at-goal LDL-C. Surprisingly, patients with DM had a
lower rate of not-at-goal LDL-C levels than patients without DM.

3.3. Distributions of lipid abnormalities

The distributions of lipid abnormalities in the total study population,
the DM group, and the non-DM group are shown in Fig. 2. An LDL-C
level not at goal without other abnormalities (31.9%) was the most com-
mon profile in both the total population and both groups. Approximate-
ly 45% of the total patient population had mixed dyslipidemia. The DM
group had a higher proportion of mixed dyslipidemia than the non-

Table 3
Lipid measurements based on the China Guideline.
With DM Without DM p?
N = 2982 N = 5983
TC, mmol/L, mean 4 SD 425+ 1.24 423 + 1.11 0.53
LDL-C, mmol/L, mean 4 SD 242 £+ 0.98 239 + 091 0.15
HDL-C, mmol/L, mean 4= SD 1.19 £ 0.35 1.254+ 035 <0.001
TG, mmol/L, median (IQR) 1.46 (1.04-2.11) 1.39 (1.00-1.93) <0.001
TC not at goal, % (n/N)® 83.3 (2458/2982) 48.1 (2879/5983) <0.001
LDL-C not at goal, % (n/N)© 59.5 (1775/2982) 35.6 (2128/5983) <0.001
Low HDL-C, % (n/N)¢ 37.4 (1115/2982) 29.7 (1779/5983) <0.001
Elevated TG, % (n/N)¢ 39.1 (1167/2982) 34.3 (2055/5983) <0.001
‘Optimal’ LDL-C, HDL-C and TG, % (n/N) 16.9 (504/2982) 31.9 (1908/5983) <0.001

@ Comparisons of TC, LDL-C, and HDL-C data were based on separate variance estimation t test. The TG was based on Mann-Whitney U test. Comparisons of the others were based on

chi-square test.

b No less than 3.11 mmol/L or 4.14 mmol/L according risk stratification. For those patients with CAD and diabetes, the target value is 3.11 mmol/L. For those patients with CAD without

diabetes, the target is 4.14 mmol/L [4]. Goals were defined based on risk stratification.

€ No less than 2.07 mmol/L or 2.59 mmol/L. The target values were based on the patients with CAD with or without diabetes [4]. Goals were defined based on risk stratification.

4 <1.04 mmol/L [4].
€ >1.7 mmol/L [4].



472 Y. Wei et al. / International Journal of Cardiology 182 (2015) 469-475

Table 4
Lipid measurements based on the ESC Guidelines.
With DM Without DM p?
N = 2982 N = 5983
LDL-C not at goal, % (n/N)®  71.9 (2145/2982)  72.7 (4348/5983) 0.46
Low HDL-C, % (n/N)< 42.9(1280/2982)  34.4(2059/5983)  <0.001
Elevated TG, % (n/N)¢ 39.1(1167/2982)  34.3(2055/5983)  <0.001
‘Optimal’ LDL-C, HDL-C, 10.8 (322/2982) 13.0 (778/5983) 0.003

and TG, % (n/N)

2 P <0.05 based on chi-square test.

> >1.8 mmol/L[6].

¢ <1.00 mmol/L for men and <1.20 mmol/L for women [6].
4 >1.7 mmol/L [6].

DM group (49.4% vs. 42.9%), regardless of the profiles of lipid abnormal-
ities. The most common mixed dyslipidemia type was not-at-goal LDL-C
combined with elevated TG in all groups (total population: 16.1%, DM
group: 16.2%, and non-DM group: 16.1%).

34. Lipid abnormalities with use of statins with different potencies

With the use of statins of differing potency, the percentage of pa-
tients who achieved lipid level goals differed. According to the data pre-
sented in Table 5, the moderate, high, and low potency groups were
associated with increasing TC levels in that order (4.20, 4.32, and 4.52
mmol/L, respectively) as well as increasing LDL-C levels (2.38, 2.57,
and 2.58 mmol/L, respectively). For increasing HDL-C levels, the corre-
sponding order was high, moderate, and low potencies (1.17, 1.22,
and 1.31 mmol/L, respectively). Statins of moderate potency were asso-
ciated with the lowest percentages of patients with not-at-goal LDL-C
(71.8%) and elevated TG (35.7%) and a higher percentage of patients
with optimal combined LDL-C, HDL-C, and TG scores (12.6%), compared
to the other potency groups. Although the patients using the most

(@)

No persistent lipid abnormal

12.3%
(1100).

Low HDL-C

LDL-C not at goal

(b)

No persistent lipid abnormal

10.8%
(322)

Low HDL-C

Elevated TG

potent statins had used near maximum statin dosages, the results did
not indicate a superior effect compared to statins of moderate potency.

3.5. Risk factors independently associated with dyslipidemia

The lipid targets were the dependent variables in the multivariate lo-
gistic regression (Table 6). Female gender, a family history of premature
CVD, smoking, cerebrovascular disease, and uncontrolled blood pres-
sure were inversely correlated to achieving LDL-C goals. However, hy-
pertension was a positive predictor for achievement of LDL-C goals.
Female gender, a sedentary lifestyle, DM, heart failure, and large waist
circumference were inversely correlated to achieving HDL-C goals. Fe-
male gender, smoking, DM, uncontrolled blood pressure, large waist cir-
cumference, and obesity were positive predictors of elevated TG levels.
Finally, female gender, current smoking, DM, large waist circumference,
and uncontrolled blood pressure were significant predictors of the com-
bination of elevated LDL-C, low HDL-C, and elevated TG.

4. Discussion

This study was a part of the DYSIS-China study, which is a cross-
sectional observational study of lipid levels in China, focusing on pa-
tients with CAD. The results clearly indicate that the rate of control of
lipid levels remains very low, despite widespread use of statins among
patients with CAD. Intensive statin therapy and/or combination statin
therapy with another lipid-modifying therapy are needed to improve
the present clinical situation. Other measures, for example, healthy
diet, exercise, weight loss, and blood pressure control, should be taken
to decrease the risk of cardiovascular death before or at the start of
therapy.

Relative to patients without DM, patients with DM are known to
have a less healthy lifestyle. They are more likely to have a sedentary
lifestyle and larger BMI and waist circumference. Meanwhile, only
about half of the patients among both groups had a normal BMI and

LDL-C not at goal

Elevated TG

LDL-C not at goal

(c)

No persistent lipid abnormal

13.0%.
(778)

Low HDL-C Elevated TG

Fig. 2. The lipid data were based on 8965 patients, which included 5983 patients with DM and 2982 without DM. Venn diagrams showed the distribution of single and mixed dyslipidemias
in (a) all patients in the study, (b) patients with DM, and (c) patients without DM. The lipid targets were all based on the ESC Guidelines. The yellow, red, blue, and green circles represent
patients without dyslipidemia and those with not-at-goal LDL-C (no less than 1.8 mmol/L), elevated TG (more than 1.7 mmol/L), and low HDL-C (< 1.0 mmol/L for men and <1.2 mmol/L

for women), respectively.
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Table 5
Lipid measurements based on different statin potency.
Low potency Moderate potency High potency
N = 1028 N = 7830 N =107
TC, mmol/L, mean 452 4+ 1.18 420+ 1.14 432 4+ 131
LDL-C, mmol/L, mean 2.58 + 0.96 2.38 + 092 257 +£1.21
HDL-C, mmol/L, mean 131+ 035 122 +0.35 117 £ 0.29

TG, mmol/L, median (IQR)
LDL-C not at goal, % (n/N)

Low HDL-C, % (n/N)

142 (1.01-2.05

28.0 (288/1028

1.40 (1.01-1.99)
71.8 (5621/7830)

1.48 (1.06-2.05)
73.8 (79/107)

)
77.1 (793/1028)
)
)

Elevated TG, % (n/N)
‘Optimal’ LDL-C, HDL-C, and TG, % (n/N)

37.0 (380/1028
9.9 (102/1028)

38.4 (3007/7830) 41.1 (44/107)
35.7 (2799/7830) 40.2 (43/107)
12.6 (987/7830) 103 (11/107)

Three potencies represent different doses. Low potency includes potency categories 1 and 2. High potency includes potency categories 5 and 6. Moderate potency includes categories 3 and

4, The target lipid levels were all based on the ESC Guidelines.

waist circumference regardless of DM status. The patients with DM also
had more difficulty controlling their blood pressure. Some clinical vari-
ables, such as smoking, high waist circumference, and high blood pres-
sure, which are negative predictors for achieving the LDL-C goal, should
be changed to regulate lipid levels. There is evidence that a healthy diet,
exercise, and blood pressure control are beneficial to decrease the risk of
CVD and improve cardiac function [16-19]. BMI and the mortality of
CAD have a U-shaped relationship, and patients having a BMI greater
than 25 kg/m? have an increased risk of cardiovascular death [20].
These results demonstrate the importance of lifestyles change and the
prevention and therapy of complication for patients with CAD, especial-
ly patients with both CAD and DM.

Of the 8965 patients enrolled in this study, 88.5% were taking a statin
of moderate or high potency. Despite stable statin therapy, about 75% of
patients had an above-target LDL-C level. Similarly, elevated TC and TG
as well as low HDL-C persisted in 34-43% of patients despite statin ther-
apy. Although the difference was not significant, more CAD patients
with DM achieved goal levels for LDL-C than did CAD patients without
DM. The statin dosage and the ratio of combined therapies were slightly
higher in patients with DM compared to those without DM, perhaps
reflecting closer monitoring and improved treatment of patients after
a diagnosis of DM. Through a comparative analysis, we found that pa-
tients with DM have more obviously mixed dyslipidemia. The variety
of dyslipidemia types reflects the lipid metabolism characteristics in pa-
tients with DM [21]. Patients with elevated TG and low HDL-C need to
use another lipid-modifying drug in combination with a statin for lipid
regulation [22].

Among all patients in this study, only about 10% had optimal com-
bined scores for LDL-C, HDL-C, and TG. Moreover, patients using a
high potency statin did not show improved lipid control over those
using a moderate potency statin. This could be the consequence of

Table 6
Multivariate logistic regression for identification of independent predictors of dyslipidemia.

patients having higher lipid levels at the start of therapy, being unre-
sponsive to statin therapy, or having an unhealthy lifestyle. In addition,
abnormal lipid levels were common among patients taking a low poten-
cy statin, indicating that these patients likely need more intensive statin
therapy.

Upon comparing statin usage between China and other regions of
the DYSIS, such as the Middle East, Europe, and Canada, we determined
that 20 mg and 40 mg simvastatin equivalent doses are commonly used.
Nevertheless, more patients were prescribed statins of dose potency 5
and 6 in regions other than China. The difference in the percentages of
patients treated with other lipid-modifying therapies with or without
a statin in China and those in other countries is generally about 10%
[10,23]. The low control rates for lipid levels and suboptimal use of
statins indicate the importance of higher statin doses and/or statins in
combination with other lipid-modifying drugs.

In previous guidelines, lipid targets were recommended according to
patients' risk stratification [4,6]. However, the 2013 ACC/AHA Guideline
on the Treatment of Blood Cholesterol to Reduce Atherosclerotic Cardio-
vascular Risk in Adults made no specific recommendation for lipid tar-
gets, in terms of the prevention of coronary heart disease, but instead
only focused on the level by which LDL-C was reduced in secondary pre-
vention, suggesting “the lower, the better” [ 7]. However, intensive statin
therapy is needed to approach lipid goals.

Patients with DM tended to achieve LDL-C target levels more often
than those without DM according to the ESC Guidelines. However,
based on the China Guideline, a lower percentage of patients with DM
achieved LDL-C target levels compared with that in patients without
DM. This discrepancy may be explained by the different target levels
for CAD patients with and without DM in the China Guideline.

There are many reasons why statin dosage may be limited, in-
cluding patients' adherence, the physicians' acquaintance with and

LDL-C not at goal Low HDL-C Elevated TG LDL-C not at goal, low
HDL-C, and elevated TG

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P
Age >70 years ns. n.s. 0.74 (0.67-0.81)  <0.001 0.65 (0.60-0.72)  <0.0001  0.68 (0.59-0.77)  <0.001
Female 1.93(1.73-2.16) <0.001 124 (1.12-1.37) <0.001 1.41(1.27-158)  <0.001 1.93 (1.67-2.25)  <0.001
Family history of premature CVD 1.22 (1.04-1.42) 0.013 n.s. n.s. n.s. n.s. n.s. n.s.
Current smoker 1.26 (1.08-1.47)  0.003 n.s. ns. 1.16 (1.01-1.34)  0.04 1.45(1.16-1.81)  0.001
Sedentary lifestyle n.s. n.s. 1.26 (1.13-1.40)  <0.001 n.s. n.s. n.s. n.s.
Alcohol consumption >2 units/week n.s. n.s. 0.81(0.72-0.92)  0.001 n.s. n.s. n.s. n.s.
Hypertension 0.76 (0.68-0.86) <0.001 n.s. n.s. n.s. n.s. 0.82 (0.70-0.96) 0.014
DM ns. ns. 1.37 (1.25-1.50) <0.0001  1.15(1.05-1.27) 0.004 1.16 (1.00-1.33)  0.047
Cerebrovascular disease 1.18 (1.03-1.35)  0.02 n.s. n.s. n.s. n.s. n.s. n.s.
HF n.s. n.s. 1.39(1.19-1.63) <0.001 n.s. n.s. n.s. n.s.
PAD n.s. n.s. n.s. n.s. n.s. n.s. 0.64 (0.41-0.99) 0.043
BMI >30 kg/m? n.s. n.s. n.s. n.s. 1.31(1.09-1.58)  0.004 n.s. n.s.
Waist circumference >90 cm (M), >80 cm (W)  n.s. n.s. 1.32 (1.20-1.45) <0.001 1.52 (1.38-1.67) <0.001 144 (1.26-1.64) <0.001
BP >140/90 mm Hg 140 (1.26-156) <0.001 n.s. ns. 1.15(1.05-1.27)  0.004 1.39 (1.20-1.62)  <0.001.

The variables included in the multivariate models are listed. The lipid target levels were all based on the ESC Guidelines.

n.s.: not significant (P > 0.05), OR: odds ratio, and CI: confidence interval.
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implementation of published guidelines, and the quality of the doc-
tor-patient relationship [24]. Fear of side effects and distrust of phy-
sicians influence patient adherence. The cost of statins and a lack of
awareness of CAD risk factors also were shown to reduce patient
adherence [25,26]. Moreover, many physicians do not maintain
knowledge of current guidelines and many simply do not use the
guidelines, particularly primary care physicians [27]. In addition,
the side effects of statins also affect physicians' judgments in some
cases.

Clinical trials comparing statin monotherapy and statin use in com-
bination with other drugs, including niacin [28,29], fibrate [30,31], and
ezetimibe [32,33], showed that combination therapy had a significant
beneficial effect on the lipid level without any significant extra clinical
benefit. The combination of nacin and simvastatin is associated with a
higher risk of myopathy than simvastatin monotherapy [29]. A recent
systemic review of 36 randomized, controlled trials involving adults at
high risk for atherosclerotic CVD compared clinical outcomes between
patients taking a combination of a statin and another lipid-modifying
drug and those receiving intensified statin monotherapy. Patients who
were at high risk but intolerant of or unresponsive to statins could con-
sider using the combination of a bile acid sequestrant or ezetimibe with
a statin. Nonetheless, the potential long-term clinical benefits and neg-
ative side effects of the combination treatment strategy need further ob-
servation [34].

Recently, the National Institute for Health and Care Excellence
(NICE) in UK announced guidelines on lipid modification for the pre-
vention of CVD. In these new guidelines, the threshold for prescribing
statins to prevent CVD is lower. The guidelines also toned down the
combination therapy recommendation that fibrates should not be rou-
tinely and nicotinic acid should not be used to prevent CVD among pa-
tients who are being treated for primary and secondary prevention [35].
According to the recommendations of the 2011 ESC/EAS Guidelines for
the management of dyslipidemias, the statin dosage should be in-
creased to the upper limit before considering a drug combination. The
final selection of drugs and dosages should be made by considering
the composite analysis of dyslipidemia in the patients, combination
treatments, and drug tolerability [6]. Thus, many guidelines have been
issued to guide lipid management, but more clinical trials are needed
to provide the additional evidence needed to make more informed
treatment decisions.

5. Study limitations

The DYSIS is a cross-sectional and observational study, in which
long-term outcomes were not evaluated and risk factors were recorded
on the basis of current or retrospective data. Lipid parameters were ac-
quired from patient medical records. There was no collection of blood
samples or no core laboratory evaluation was performed to ensure the
accuracy of the measurements. Statin use may be associated with selec-
tion bias for different centers. Finally, data regarding patient lifestyle,
hereditary predisposition to CVD, and therapy compliance were not re-
corded. Nonetheless, the results of this study reflect the current situa-
tion of dyslipidemia and lipid-modifying therapy in China.

6. Conclusions

The prevalence of dyslipidemia is high among patients with CAD in
China, especially in those with DM. More intensive lipid management
is recommended using high-dose statins or combinations of other
lipid-lowering agents with statins.
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