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Abstract

Background: Previous studies indicated that apolipoprotein measurements predicted cardiovascular disease (CVD) risk;
however, associations between apolipoproteins and carotid intima-media thickness (CIMT) were less explored.

Methodology and Principal Findings: The cross-sectional study included 6069 participants aged 40 years or older with NGT
from Shanghai, China. Serum fasting traditional lipids (total cholesterol [TC], low-density lipoprotein cholesterol [LDL-C],
high-density lipoprotein cholesterol [HDL-C] and triglycerides [TG]), apoA-l and apoB were assessed. A high-resolution B-
mode ultrasonography was performed to measure CIMT. We found CIMT increased progressively across the quartiles of
serum apoB (p for trend <0.0001). In logistic regression, concentrations of apoB (odds ratio [OR] 1.27, 95% confidence
interval [CI] 1.18-1.36), TC (OR 1.23, 95% Cl 1.14-1.32), LDL-C (OR 1.25, 95% Cl 1.16-1.34) and TG (OR 1.11, 95% Cl 1.04-1.20)
were significantly related to elevated CIMT after adjusted for age and sex. Meanwhile, the apoB/apoA-I ratio (OR 1.25, 95%
Cl 1.17-1.34) related to elevated CIMT. ApoB (OR 1.23, 95% Cl 1.00-1.51) and the apoB/apoA-I ratio (OR 1.19, 95% Cl 1.04-
1.36) remained significantly associated with elevated CIMT, after adjusted for the traditional CVD risk factors including
traditional lipids.

Conclusions and Significance: There were significant associations between serum apoB, the apoB/apoA-l ratio and
elevated CIMT. Serum apoB and the apoB/apoA-I ratio might be independent predictors of early atherosclerosis in NGT.
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Introduction treated patients with known CHD, apoB/apolipoprotein A-I
o . ) o . (apoA-I) ratio, but not LDL-C/HDL-C ratio, was positively
Dyscholesterolemia, including higher low-density lipoprotein associated with clinical events [4]. John et al [5] thought that apoB
cholesterol (LDL-C) and lower high-density lipoprotein cholesterol

(HDL-C) is identified as independent risk factor for the
development of cardiovascular disease (CVD) [1,2]. LDL-C is
widely used to assess the risk of vascular disease and the response
to therapy. Current guidelines for coronary heart disease (CHD)
prevention emphasize the use of total cholesterol (T'C) and LDL-C
in CHD risk assessment [1,3]. However, there are accumulating

should be added into the routine lipid panel for assessing and
monitoring patients at risk for adverse outcomes.

Intima-media thickness of the carotid arteries is an early marker
of atherosclerosis [6,7], and it is also demonstrated as a risk factor
for myocardial infarction and stroke in older adults [8]. In type 2
diabetics, compared with conventional lipids, the apoB/apoA-I
ratio had a more closed association with carotid intima-media

evidences suggesting that apolipoproteins are better predictors for thickness (CIMT) [9]. Whether the same applies to subjects with
risk of GVD than traditional lipid parameters currently used in

normal glucose tolerance (NGT) is less well defined.
clinical practice. Several large, prospective epidemiological studies

" ¢ 1 This present study was to assess whether the associations of
have shown that the apolipoprotein B (apoB) was a good predictor apoB, apoA-I and the apoB/apoA-l ratio with CIMT were

for the occurrence of GVD in the general population. In statin- independent of traditional CVD risk factors and clinical routine
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lipid measurements in middle-aged and elderly Chinese with

NGT.

Methods

Ethics Statement

The study protocol was approved by the Institutional Review
Board of the Rui-jin Hospital affiliated to Shanghai Jiao-Tong
University School of Medicine. Written informed consent was
obtained from each participant before data collection.

Study Design and Participants

We performed a cross-sectional health survey between March
and August 2010, in Jiading district of Shanghai, China. Residents
who aged 40 years and older were invited to participate by
examination notice and home visits, during which we collected
information on lifestyle, medical history and the use of medications
using a standard questionnaire, and performed anthropometrical
measurements. We used a simplified 75-g oral glucose tolerance
test (OGTT) with fasting and 2-hour post-loading blood sampling
to evaluate the glucose metabolism status. Totally there were
10375 subjects taken part in the survey. Based on the fasting
plasma glucose (FPG) <6.1 mmol/L and 2 hour post-loading
plasma glucose <7.8 mmol/L and without taking any anti-
diabetic treatment, we enrolled 6117 subjects with NGT [10].
Among the enrolled participants, individuals with no information
on CIMT (n = 48) were excluded, resulting in 6069 records eligible
for the eventual analysis.

Clinical and Biochemical Measurements

During the face-to-face interview, a standard questionnaire was
administered by trained staff to collect information on health
status, medications and lifestyle risk factors. The interview also
included questions on history of chronic diseases, such as, the
diagnosis and treatment of hypertension and diabetes. Current
smokers or drinkers were subjects who smoked cigarettes or
consumed alcohol regularly in the past 6 months.

Clinical examinations, including blood pressure and anthropo-
metric measurements, were performed by trained clinical staff.
Blood pressure was measured with an automated electronic device
(OMRON Model HEM-752 FUZZY, Omron Company, Dalian,
China) three times consecutively with 1 min intervals in a sitting
position after 5-min rest. Blood pressure was the average of three
measurements. Height and weight were recorded to the nearest
0.1 cm and 0.1 kg while participants were wearing light indoor
clothing without shoes. Body mass index (BMI) was calculated as
weight (kg) divided by squared height (meter). We measured waist
circumference (WC) and hip circumference (HC) to the nearest
0.1 cm with participants in standing position.

After at least 10 hours of overnight fasting, venous blood
samples were collected for measurements of serum lipid profile
and plasma glucose. The fasting time was verified before the blood
specimen was taken. Fasting serum insulin concentrations were
determined by an electrochemiluminescence assay (Roche -
Diagnostics, Switzerland). The homeostasis model assessment of
msulin resistance (HOMA-IR) was calculated according to the
equation described by Matthews et al [11]. FPG and serum TC,
triglycerides (T'G), HDL-C, LDL-C, apoB and apoA-I were
measured using an automated biochemical instrument (Bayer
Biochemical autoanalyzer ADVIA 1650, Leverkusen, Germany).
The coeflicient of variation (%) was 1.41 for TG, 1.40 for TC, 1.42
for LDL-C, 2.99 for HDL-C, 1.29 for apoB, 1.49 for apoA-1.
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CIMT Measurements

CIMT measurements were performed by an experienced
sonographer using a high-resolution B-mode tomographic ultra-
sound system (Phillips IU22; Japan) with a linear 7.5- to 10-MHz
transducer. The operator measured CIMT on the far wall of the
right and left common carotid arteries, 1.5 cm proximal to the
bifurcation. The transducer was manipulated so that the lumen
diameter was maximized in the longitudinal plane. CIMT was
measured on-line at the end of diastole as the distance from the
leading edge of the first echogenic line to that of the second
echogenic line. The first and second lines represented the lumen
intimal interface and the collage-contained upper layer of tunic
adventitia, respectively. The greater value of the right or left
common CIMT was used for analysis. Values above the upper
tenth of CIMT (=0.7 mm [12]) were defined as elevated CIMT.

Statistical Analyses

All statistical analyses were performed on SAS version 9.2 (SAS
Institute Inc, Cary, NC). The characteristics of the study
population were described according to quartiles of apoB. Values
were presented as means = S.D. or geometrical means (95%
confidence interval [CI]) for continuous variables and percentages
for categorical variables. Fasting serum insulin, HOMA-IR and
triglycerides were analyzed after log-transformation due to a
skewed distribution. Pearson’s correlation coefficients were used to
measure linear associations between the different risk factors and
CIMT. Stepwise regression analysis was used to identify indepen-
dent determinants of CIMT. The unadjusted and multivariate
adjusted logistic regression analysis was used to explore the
associations of serum apoB concentrations and the apoB/apoA-I
ratio with elevated CIMT compared with conventional lipids and
other risk factors. The associations of apoB and the apoB/apoA-I
ratio with elevated CIMT were further explored by categorizing
apoB and the apoB/apoA-I into quartiles and using the first
quartile as the reference. Adjusted odds ratios (ORs) and
corresponding 95% CIs were estimated with the use of multivar-
iate logistic regression analysis models.

A p value <0.05 was considered statistically significant.

Results

Characteristics of the Study Population

General demographic and laboratory characteristics of the 6069
participants are shown in Table 1. The median age of the
population was 56.3 years old, and the proportion of men was
38.2%. The median concentration of apoB was 0.94 g/L.
Compared with the first quartile, participants in the highest
quartile were older and had a lower proportion of men. Across
apoB quartiles, the levels of BMI, WC, HC, systolic blood pressure
(SBP), diastolic blood pressure (DBP), lipids (TG, TC, LDL-C),
FPG, fasting serum insulin, HOMA-IR, apoA-I, and the apoB/
apoA-I ratio were gradually and significantly increased, whereas
the concentrations of HDL-C were decreased. CIMT level was
also increased in participants with higher apoB level. After
adjusting for age, sex, the increase of CIMT according to the apoB
quartiles were not substantially changed (p for trend <0.0001).

Prevalence of Elevated CIMT in Different apoB Levels
Figure 1 illustrated that the prevalence of elevated CIMT
differed statistically in different apoB groups. Across the apoB
quartiles, the prevalence of elevated CIMT were 14.3, 17.4, 19.3
and 22.2%, respectively (p for trend <0.0001, Figure 1.).
Compared with the lowest quartile, the prevalence of elevated
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CIMT of the second, third and fourth quartile of serum apoB were
significant higher (p =0.020, 0.0002 and <0.0001, respectively).

Correlations of Serum apoB and the apoB/apoA-| ratio
with CIMT

Pearson correlation analyses revealed that age, sex, smoking
status, drinking status, BMI, WC, HC,SBP, DBP, I'PG, fasting
serum insulin, HOMA-IR, TC, TG, LDL-C, HDL-C, apoB and
the apoB/apoA-I ratio were significantly related with CIMT
(Table 2). Multivariate stepwise linear regression analyses revealed

that apart from traditional and well-recognized risk factors of

CIMT such as age, sex, BMI, SBP, DBP, fasting serum insulin,
HOMA-IR and TC, apoB was also an independent determinant
of CIMT; however, no association was observed between the

apoB/apoA-I ratio and CIMT in the multivariate analyses
(Table 2).

Comparisons of Elevated CIMT in Relations to

Apolipoproteins and Clinical Routine Lipids
Serum TC, LDL-C, apoB and the apoB/apoA-I ratio were
significantly related to elevated CIMT when adjusted for
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Table 1. Characteristics of study population.

Median

(Interquartile . p for p for

Range)/Number (%) ApoB quartiles (g/L) trend? trend®

Quartile 1 Quartile 2 Quartile 3 Quartile 4
(=0.78) (0.78-0.92) (0.92-1.08) (>1.08)

Participants, n 6069 1458 1488 1550 1573 - -
ApoB, g/L 0.94+0.23 0.68+0.07 0.85*+0.04 0.99+0.04 1.24*0.16 - -
Age, yr 56.3+9.5 55.8+10.1 56.6+9.8 574+9.2 58.1+8.7 <0.0001 -
Male, n (%) 2321 (38.2) 624 (42.8) 619 (41.6) 536 (34.6) 542 (34.5) <0.0001 -
Current smoker, n (%) 1347 (22.9) 354 (25.1) 359 (25.0) 299 (19.9) 334 (21.9) 0.0015 0.28
Current drinker, n (%) 605 (10.3) 138 (9.8) 167 (11.5) 134 (8.9) 166 (10.9) 0.41 0.0072
BMI, kg/m? 24.1%3.1 23.7+3.1 244+30 249+3.1 25.2+3.0 <0.0001 <0.0001
WC, cm 81.0+8.7 78.2+8.8 80.6+8.4 82.0+8.4 83.2+83 <0.0001 <0.0001
HC, cm 93.5+5.6 92.1+5.7 933+54 94.0+5.5 94.4+55 <0.0001 <0.0001
SBP, mm Hg 13719 134+19 135+19 138+19 140*+19 <0.0001 <0.0001
DBP, mm Hg 82+10 80+10 81+10 82+10 83+10 <0.0001 <0.0001
TG, mmol/L 1.24 (0.90-1.75) 0.93 (0.72-1.29) 1.12 (0.85-1.54) 1.33 (1.02-1.84) 1.58 (1.22-2.11) <0.0001 <0.0001
TC, mmol/L 5.23+0.94 4.31£0.58 4.91+0.55 5.40*0.54 6.23+0.81 <0.0001 <0.0001
HDL-C, mmol/L 1.35+0.32 1.38+0.33 1.36+0.34 1.34+0.32 1.33*+0.29 <0.0001 <0.0001
LDL-C, mmol/L 3.12+0.83 2.23+0.41 2.82+0.35 3.27+0.38 4.07+0.69 <0.0001 <0.0001
FPG, mmol/L 4.97*+0.46 4.87+0.46 4.96+0.46 4.97+0.46 5.05*0.45 <0.0001 <0.0001
Fasting serum insulin, plU/mL 6.2 (4.2-8.7) 5.1 (3.3-7.4) 5.9 (4.1-8.2) 6.6 (4.5-9.1) 7.0 (5.2-9.6) <0.0001 <0.0001
HOMA-IR 1.36 (0.92-1.94) 1.10 (0.70-1.59) 1.31 (0.89-1.81) 1.44 (0.97-2.02) 1.57 (1.14-2.17) <0.0001 <0.0001
ApoA-l, g/L 1.26+0.27 1.22+0.28 1.24+0.26 1.27+0.28 1.28+0.26 <0.0001 <0.0001
ApoB/apoA-| ratio 0.78+0.24 0.58*+0.15 0.71%£0.15 0.81*+0.18 1.00*+0.23 <0.0001 <0.0001
CIMT, mm 0.57+0.10 0.55+0.10 0.57+0.10 0.58+0.11 0.59+0.11 <0.0001 <0.0001
Data are means *+ S.D. or medians (interquartile ranges) for skewed variables, or numbers (proportions) for categorical variables. Linear or logistic regression is applied
to analyze trend differences across apoB groups. Skewed variables are logarithmically transformed before analysis.
“Unadjusted.
PAdjusted for age, sex.
Abbreviations: ApoB, apolipoprotein B; BMI, body mass index; WC, waist circumference; HC, hip circumference; HOMA-IR, homeostasis model assessment of insulin
resistance; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; FPG, fasting plasma glucose; ApoA-I, apolipoprotein A-I; CIMT, carotid intima-media thickness.
doi:10.1371/journal.pone.0054628.t001

traditional CVD risk factors, including age, sex, BMI, WC, HC,
medical treatment, smoking habits, drinking habits, SBP, DBP,
FPG, fasting serum insulin and HOMA-IR (Model 2, Table 3).
After further adjustment for the four traditional lipids — namely,
TC, Log TG, LDL-C and HDL-C based on Model 2, apoB and
the apoB/apoA-I ratio, remained significantly associated with
elevated CIMT (OR 1.23, 95% CI 1.00-1.51, p=0.049; OR 1.19,
95% CI 1.04-1.36, p=0.014; respectively). No significant
associations were observed between TC (OR 1.04, 95% CI
0.89-1.21), LDL-C (OR 1.03, 95% CI 0.86-1.24), Log TG (OR
0.99, 95% CI 0.91-1.08) and elevated CIMT, after further
adjustment for apoB and apoA-I based on Model 2 (Table 3).
The category analysis for serum apoB concentrations associated
with elevated CIMT was confirmatory. As compared to quartile 1,
quartile 2 (OR 1.29, 95% CI 1.00-1.66), 3 (OR 1.47, 95% CI
1.09-1.96) or 4 (OR 1.59, 95% CI 1.07-2.35) of apoB
concentration were significantly associated with elevated CIMT,
respectively, after the full adjustments (p for trend=0.017,
Table 4). Broadly similar associations were noted for the apoB/
apoA-I ratio, with adjusted elevated CIMT ORs for increasing
quartiles of the apoB/apoA-I ratio of 1.00 (reference), 1.50 (95%
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Figure 1. Prevalence of elevated CIMT in different quartiles of
apoB: quartile 1 (Q1, n=167), 0-0.78 g/L; quartile 2 (Q2,
n=216), 0.78-0.92 g/L; quartile 3 (Q3, n=257), 0.92-1.08 g/L;
quartile 4 (Q4, n=298), >1.08 g/L.
doi:10.1371/journal.pone.0054628.9001

CI, 1.17-1.92), 1.52 (95% CI, 1.14-2.03) and 1.43 (95% CI, 1.00—
2.05) (p for trend =0.12, Table 4).

Discussion

In the present study of 6069 community-dwelling Chinese
participants aged 40 years or older with NGT, we found that
serum apoB and the apoB/apoA-I ratio were strongly and
positively associated with CIMT independently of traditional

ApoB and ApoB/ApoA-| Ratio Related to CIMT

serum lipids and other conventional risk factors. To some extent,
the results might suggest that the measurements of apolipoproteins
were stronger predictors in carotid atherosclerosis than routine
lipids.

Apolipoproteins are the protein components of plasma lipopro-
teins [13]. Several large prospective studies have showed that apoB
is superior to TC or LDL-C to predict the risk of vascular disease
[13-17]. In the Apolipoprotein-related Mortality Risk Study
(AMORIS) [14], apoB was found to be a stronger marker of
cardiovascular disease risk than LDL-C at any LDL-C levels, but
especially in those having normal/low LDL-C levels. Moss et al.
[15] investigated that apoB was significantly associated with
increased coronary event rates, whereas LDL-C was not. Similar
findings have been found in the Quebec Cardiovascular Study
[16], the MONICA/KORA Augsburg cohort study [17] and the
multi-ethnic US population study [18]. In the Cardiovascular Risk
in Young Finns Study [19], apoB and apoA-I measured in
children and adolescents reflected a lipoprotein profile predispos-
ing to the development of subclinical atherosclerosis in adulthood.

Early detection and intervention of the risk factors of CVD, is of
great importance for CVD. Of all the indicators of CVD, CIMT is
an early marker and is most widely adopted [20,21]. However,
studies evaluating the associations between apolipoproteins and
CIMT are limited. We demonstrated that both serum apoB
concentrations and the apoB/apoA-I ratio were independently
associated with elevated CIMT in middle aged and elderly
Chinese with NGT. Furthermore, these associations remained
even after adjustment for the conventional risk factors including
traditional lipids. This observation indicated that apoB and the
apoB/apoA-I ratio gave additional information in predicting risk
for atherosclerotic disease, beyond that of LDL-C.

In our study, we also found that the increasing levels of apoB
were associated with increased BMI, WC, SBP, DBP, TG, TC,
LDL-C, FPG and fasting serum insulin. In the insulin resistance

Table 2. Pearson’s correlation and multiple stepwise linear regression analysis of risk factors associated with CIMT.

r p value /= SE p value
Age (yr) 0.48 <0.0001 0.0044+0.00015 <0.0001
Sex (male=1, female=0) 0.26 <0.0001 0.042+0.0033 <0.0001
Current smoker (yes=1, no=0) 0.15 <0.0001 0.0120.0037 0.0010
Current drinker (yes=1, no=0) 0.10 <0.0001
BMI (kg/mz) 0.13 <0.0001 0.00320.0004 <0.0001
WC (cm) 0.18 <0.0001
HC (cm) 0.05 <0.0001
SBP (mm Hg) 0.27 <0.0001 0.00078+0.00009 <0.0001
DBP (mm Hg) 0.038 0.0030 —0.00098+0.00017 <0.0001
FPG (mmol/L) 0.059 <0.0001
Log fasting serum insulin (ulU/mL) —0.073 <0.0001 —0.017£0.0039 <0.0001
Log HOMA-IR —0.064 <0.0001
TC (mmol/L) 0.081 <0.0001 —0.005+0.0023 0.028
Log TG (mmol/L) 0.051 <0.0001
LDL-C (mmol/L) 0.10 <0.0001
HDL-C (mmol/L) —0.053 <0.0001
ApoA-l (g/L) —0.0064 0.62
ApoB (g/L) 0.13 <0.0001 0.065+0.0096 <0.0001
ApoB/apoA-I ratio 0.11 <0.0001
doi:10.1371/journal.pone.0054628.t002
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atherosclerosis study (IRAS), it also showed that serum apoB
correlated positively to BMI, WC, DBP and fasting serum insulin
[22]. Wallenfeldt et al [23] found that the metabolic syndrome
patients had an increased production of small dense LDL particles,
which had been shown to correlate with plasma apoB and
considerable evidence indicated that these particles were athero-
genic and thus, might have effect on the arterial wall.

The pathophysiological basis for why apolipoproteins are better
than other conventional lipids is not completely established.
According to the Response-to-Retention hypothesis of atheroscle-
rosis, the key initiating process in atherosclerosis is the subendo-

Table 4. The risk of elevated CIMT according to quartiles of
serum apoB and the apoB/apoA-I ratio.

Model 1 Model 2 Model 3

ApoB (g/L)

Quartile 1 (=0.78) 1.00 (reference)  1.00 (reference) 1.00 (reference)

Quartile 2 (0.78-  1.34 (1.07-1.67)  1.38 (1.09-1.74) 1.29 (1.00-1.66)
0.92)

Quartile 3 (0.92- 1.65 (1.33-2.06)  1.66 (1.32-2.09) 1.47 (1.10-1.97)
1.08)

Quartile 4 (>1.08) 1.94 (1.57-2.40)  1.98 (1.57-2.50) 1.60 (1.08-2.36)
p for trend <0.0001 <0.0001 0.015

ApoB/apoA-I ratio
Quartile 1 (=0.62) 1.00 (reference)
Quartile 2 (0.62-  1.55 (1.260-1.93) 1.61 (1.28-2.02)

1.00 (reference)
1.51 (1.17-1.93)

1.00 (reference)

0.76)

Quartile 3 (0.76— 1.72 (1.39-2.14)  1.74 (1.38-2.20) 1.54 (1.15-2.05)
0.92)

Quartile 4 (>0.92) 1.83 (1.48-2.26) 1.81 (1.43-2.30) 1.44 (1.01-2.06)
p for trend <0.0001 <0.0001 0.1

Data are odds ratios (ORs, 95% confidential intervals).

Model 1 is adjusted for age and sex;

Model 2 is adjusted for age, sex, BMI, WC, HC, medical treatment, smoking
habits, drinking habits, SBP, DBP, FPG, Log fasting serum insulin and Log
HOMA-IR;

Model 3 is adjusted for age, sex, BMI, WC, HC, medical treatment, smoking
habits, drinking habits, SBP, DBP, FPG, Log fasting serum insulin, Log HOMA-IR,
TC, HDL-C, LDL-C and Log TG.

doi:10.1371/journal.pone.0054628.t004
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Table 3. Odds ratios per standard deviation increment of different lipids or lipid ratio with a 95% confidence interval for elevated
CIMT.
Model 1 p value Model 2 p value Model 3** p value
TC 1.23 (1.14-1.32) <0.0001 1.21 (1.12-1.31) <0.0001 1.04 (0.89-1.21) 0.62
HDL-C 0.95 (0.88-1.03) 0.21 0.98 (0.90-1.07) 0.69 1.06 (0.94-1.19) 0.33
LDL-C 1.25 (1.16-1.34) <0.0001 1.25 (1.15-1.35) <0.0001 1.03 (0.86-1.24) 0.72
Log TG 1.11 (1.04-1.20) 0.0038 1.07 (0.99-1.16) 0.11 0.99 (0.91-1.08) 0.88
ApoB 1.27 (1.18-1.36) <0.0001 1.27 (1.17-1.37) <0.0001 1.23 (1.00-1.51) 0.049
ApoA-| 0.94 (0.87-1.01) 0.099 0.96 (0.89-1.04) 0.35 0.93 (0.83-1.04) 0.22
ApoB/apoA-I ratio 1.25 (1.17-1.34) <0.0001 1.24 (1.15-1.34) <0.0001 1.19 (1.04-1.36) 0.014
Data are odds ratios (ORs, 95% confidential intervals).
Model 1is adjusted for age and sex;
Model 2 is adjusted for age, sex, BMI, WC, HC, medical treatment, smoking habits, drinking habits, SBP, DBP, FPG, Log fasting serum insulin and Log HOMA-IR;
Model 3**, for the associations with TC, HDL-C, LDL-C and Log TG, respectively, the adjustment included ApoB, and ApoA-I based on Model 2; For the associations with
ApoB, ApoA-l and ApoB/apoA-| ratio, respectively, the adjustment included TC, HDL-C, LDL-C and Log TG based on Model 2.
doi:10.1371/journal.pone.0054628.t003

thelial retention of apoB-containing lipoprotein [24]. Biological
responses to the retained lipoproteins, including a chronic and
maladaptive macrophage- and T-cell-dominated inflammatory
response, promote subsequent lesion development. The National
Cholesterol Education Program (NCEP) Adult Treatment Panel
(ATP) III [1] recommended initiation of therapy and therapeutic
goals within 3 different CHD risk categories based on LDL-C
levels. However, LDL particles, which contain most of the
cholesterol in plasma, may differ in composition. Small dense
LDL species are more atherogenic than larger LDL particles but
carry less LDL-C [25]. Moreover, St-Pierre AC et al found that
increased plasma CRP levels further elevate the risk of CHD
associated with having small, dense LDL particles [26]. LDL-C
therefore is not always equivalent to LDL particle number. By
contrast, each VLDL and LDL particle contains 1 molecule of
apoB; therefore, plasma apoB is equivalent to the total atherogenic
particle number, more than 90% of which are LDL particles. In
addition, van Deventer et al [27] found that direct LDL-C
measurements did not improve the accuracy of CVD risk score
classification.

Dysglycemia Current guidelines for CHD prevention emphasize
the use of TC and LDL-C in CHD risk assessment [1,3].
However, there has been an ongoing debate on whether apoB, or
rather the apoB/apoA-I ratio, would be a more appropriate
measure for estimating CHD risk associated with dyslipidaemia. A
series of large, prospective epidemiological studies [28,29] has
recently shown that apoB is superior to LDL-C as a predictor of
the risk of vascular disease. In a cross-sectional analysis of the US
population [28], LDL-C was not significantly correlated with
history of atherosclerotic disease. Similarly, in the recently
published data from the Framingham study [29], LDL-C was
also not found to be a significant risk factor of CHD, which
suggested that LDL-C was not the best target for lipid-lowering
treatment strategies. Meanwhile, apoB was first suggested as an
alternative target treatment by the Canadian Working Group
[30]. At present, the American Diabetes Association and the
American College of Cardiology [31] have stated that apoB is the
test of choice to assess the adequacy of statin treatment and should
therefore be introduced into routine clinical practice. Further-
more, the methods can easily be automated and analyses are
cheap, it can be performed on previously frozen sera, and
importantly, non-fasted samples can be used.
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Some limitations of our present study were of concern. First, the
cross-sectional design of this study doesn’t provide information as
to whether apolipoproteins predict the progression of CIMT, and
cannot compare the associations of the different tests with clinical
events from CVD. Second, the population included the subjects
with dislipidemia, they might have been treated, but we made
adjustment for the drug using history to control the bias. Third, we
only used one test for apoB and the various apoB assays such as
apoB-48 and apoB-100 may not show the same performance,
however, apoB measurement was more convenient in laboratory.
Finally, because most participants were residents of a rural
community from shanghai, there was the possibility of selection
bias. Although our study had limitations in generalizing its results
to the worldwide population, the present study was meaningful as
a first study to clarify the relationship between lipid and
lipoprotein profiles and CIMT among an Asian population with
NGT.

In conclusion, the present study showed that apoB and the
apoB/apoA-I ratio were associated with elevated CIMT in
middle-aged and elderly Chinese with NGT. In addition, the
associations were independent of conventional lipids and other risk
factors. Although more studies are needed to confirm these
findings and to elucidate the mechanisms for this associations, our
finds support the fact that apolipoprotein measurements may be
better biomarkers of atherosclerotic disease than traditional lipids
measures.

References

1. Expert Panel on Detection, Evaluation, and Treatment of High Blood

Cholesterol in Adults. (2001) Executive Summary of The Third Report of

The National Cholesterol Education Program (NCEP) Expert panel on
detection, evaluation, and treatment of high blood cholesterol in adults (Adult
Treatment Panel III). JAMA 285: 2486-2497.

2. De Backer G, Ambrosioni E, Borch-Johnsen K, Brotons C, Cifkova R, et al.
(2003) European guidelines on cardiovascular disease prevention in clinical
practice. Third Joint Task Force of European and Other Societies on
Cardiovascular Disease Prevention in Clinical Practice. Eur Heart J 24: 1601
1610.

3. Gotto AM Jr, Whitney E, Stein EA, Shapiro DR, Clearfield M, et al. (2000)
Relation between baseline and on-treatment lipid parameters and first acute
major coronary events in the Air force/Texas Coronary Atherosclerosis
Prevention Study (AFCAPS/TexCAPS). Circulation 101: 477-484.

4. Simon A, Chironi G, Levenson J (2007) Comparative performance of subclinical
atherosclerosis tests in predicting coronary heart disease in asymptomatic
individuals. Eur Heart J 24: 2967-2971.

5. Contois JH, McConnell JP, Sethi AA, Csako G, Devaraj S, et al. (2009)
Apolipoprotein B and cardiovascular disease risk: position statement from the
AACC Lipoproteins and Vascular Diseases Division Working Group on Best
Practices. Clin Chem 55: 407-419.

6. Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M (2007) Prediction of

clinical cardiovascular events with carotid intima-media thickness: a systematic
review and meta-analysis. Circulation 115: 459-467.

7. Chambless LE, Heiss G, Folsom AR, Rosamond W, Szklo M, et al. (1997)
Association of coronary heart disease incidence with carotid arterial wall
thickness and major risk factors: the Atherosclerosis Risk in Communities
(ARIC) Study, 1987-1993. Am J Epidemiol 146: 483-494.

8. O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, et al. (1999)
Carotid-artery intima and media thickness as a risk factor for myocardial
infarction and stroke in older adults. Cardiovascular Health Study Collaborative
Research Group. N Engl ] Med 340: 14-22.

9. Dahlén EM, Lanne T, Engvall J, Lindstrém T, Grodzinsky E, et al. (2009)
Carotid intima-media thickness and apolipoprotein B/apolipoprotein A-I ratio
in middle-aged patients with Type 2 diabetes. Diabet Med 26: 384-390.

10. Shaw JE, Zimmet PZ, McCarty D, de Courten M (2000) Type 2 diabetes
worldwide according to the new classification and criteria. Diabetes Care (Suppl.
2): B5-B10.

11. Matthews RD, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, et al. (1985)
Homeostasis model assessment: insulin resistance and cell function from fasting
plasma glucose and insulin concentrations in man. Diabetologia 28: 412-419.

12. Huang Y, BiY, Wang W, Xu M, Xu Y, et al. (2011) Glycated hemoglobin Alc,
fasting plasma glucose, and two-hour postchallenge plasma glucose levels in
relation to carotid intima-media thickness in chinese with normal glucose
tolerance. J Clin Endocrinol Metab 96: E1461-1465.

PLOS ONE | www.plosone.org

ApoB and ApoB/ApoA-| Ratio Related to CIMT

Supporting Information

Table S1 Odds ratios per standard deviation increment
of different lipids or lipid ratio with a 95% confidence
interval for elevated CIMT in metabolic syndrome
population. Data are odds ratios (ORs, 95% confidential
intervals). Model 1 is adjusted for age and sex; Model 2 is
adjusted for age, sex, BMI, WC, HC, medical treatment, smoking
habits, drinking habits, SBP, DBP, FPG, Log fasting serum insulin
and Log HOMA-IR; Model 3**, for the associations with TC,
HDL-C, LDL-C and Log TG, respectively, the adjustment
included ApoB, and ApoA-I based on Model 2; For the
associations with ApoB, ApoA-I and ApoB/apoA-I ratio,
respectively, the adjustment included TC, HDL-C, LDL-C and
Log TG based on Model 2.

DOC)

Acknowledgments

The authors thank the field workers for their contribution and the
participants for their cooperation.

Author Contributions

Conceived and designed the experiments: YC. Performed the experiments:
FH ZY BX YX YL MD WZ. Analyzed the data: FH ZY YB MX JL WW.
Wrote the paper: FH.

13. Olofsson SO, Wiklund O, Boren J. (2007) Apolipoproteins A-I and B:
biosynthesis, role in the development of atherosclerosis and targets for
intervention against cardiovascular disease. Vasc Health Risk Manag 3: 491
502.

14. Walldius G, Jungner I, Holme I, Aastveit AH, Kolar W, et al. (2001) High
apolipoprotein B, low apolipoprotein A-I, and improvement in the prediction of
fatal myocardial infarction (AMORIS study): a prospective study. Lancet 358:
2026-2033.

15. Moss AJ, Goldstein RE, Marder VJ, Sparks CE, Oakes D, et al. (1999)
Thrombogenic factors and recurrent coronary events. Circulation 99: 2517
2522.

16. Lamarche B, Moorjani S, Lupien PJ, Cantin B, Bernard PM, et al. (1996)
Apolipoprotein A-1 and B levels and the risk of ischemic heart disease during a
five-year follow-up of men in the Québec Cardiovascular Study. Circulation 94:
273-278.

17. Meisinger C, Loewel H, Mraz W, Koenig W (2005) Prognostic value of
apolipoprotein B and A-I in the prediction of myocardial infarction in middle-
aged men and women: results from the MONICA/KORA Augsburg cohort
study. Eur Heart J 26: 271-278.

18. Sierra-Johnson J, Fisher RM, Romero-Corral A, Somers VK, Lopez-Jimenez F,
et al. (2009) Concentration of apolipoprotein B is comparable with the
apolipoprotein B/apolipoprotein A-I ratio and better than routine clinical lipid
measurements in predicting coronary heart disease mortality: findings from a
multi-ethnic US population. Eur Heart J 30: 710-717.

19. Juonala M, Viikari JS, Kihonen M, Solakivi T, Helenius H, et al. (2008)
Childhood levels of serum apolipoproteins B and A-I predict carotid intima-
media thickness and brachial endothelial function in adulthood: the cardiovas-
cular risk in young Finns study. J] Am Coll Cardiol 52: 293-299.

20. Polak JF, Pencina MJ, Pencina KM, O’Donnell CJ, Wolf PA, et al. (2011)
Carotid-wall intima-media thickness and cardiovascular events. N Engl J Med
365: 213-221.

21. Bots ML, Baldassarre D, Simon A, de Groot E, O’Leary DH, et al. (2007)
Carotid intima-media thickness and coronary atherosclerosis: weak or strong
relations? Eur Heart J 28: 398-406.

22. Williams K, Sniderman AD, Sattar N, D’Agostino R Jr, Wagenknecht LE, et al.
(2003) Comparison of the association of apolipoprotein B and low-density
lipoprotein cholesterol with other cardiovascular risk factors in the Insulin
Resistance Atherosclerosis Study (IRAS). Circulation 108: 2312-2316.

23. Wallenfeldt K, Bokemark L, Wikstrand ], Hulthe J, Fagerberg B (2004)
Apolipoprotein B/apolipoprotein A-I in relation to the metabolic syndrome and
change in carotid artery intima-media thickness during 3 years in middle-aged
men. Stroke 35: 2248-2252.

24. Tabas I, Williams KJ, Borén J. (2007) Subendothelial lipoprotein retention as the
initiating process in atherosclerosis: update and therapeutic implications.
Circulation 116: 1832-1844.

January 2013 | Volume 8 | Issue 1 | 54628



26.

27.

. Mora S, Szklo M, Otvos JD, Greenland P, Psaty BM, et al. (2007) LDL particle

subclasses, LDL particle size, and carotid atherosclerosis in the Multi-Ethnic
Study of Atherosclerosis (MESA). Atherosclerosis 192: 211-217.

St-Pierre AC, Bergeron J, Pirro M, Cantin B, Dagenais GR et al. (2003) Effect of
plasma C-reactive protein levels in modulating the risk of coronary heart disease
associated with small, dense, low-density lipoproteins in men (The Quebec
Cardiovascular Study). Am I Cardiol 91(5): 555-8.

van Deventer HE, Miller WG, Myers GL, Sakurabayashi I, Bachmann LM, et
al. (2011) Non-HDL cholesterol shows improved accuracy for cardiovascular risk
score classification compared to direct or calculated LDL cholesterol in a
dyslipidemic population. Clin Chem 57(3): 490-501.

PLOS ONE | www.plosone.org

28.

ApoB and ApoB/ApoA-| Ratio Related to CIMT

Hsia SH, Pan D, Berookim P, Lee ML (2006) A population-based, cross-
sectional comparison of lipid-related indexes for symptoms of atherosclerotic

disease. Am J Cardiol 98: 1047-1052.

. Ingelsson E, Schaefer EJ, Contois JH, McNamara JR, Sullivan L, et al. (2007)

Clinical utility of different lipid measures for prediction of coronary heart disease
in men and women. JAMA 298: 776-785.

Genest J, Frohlich J, Fodor G, McPherson R (2003) Recommendations for the
management and treatment of dyslipidemia and the prevention of cardiovas-

cular disease: summary of the 2003 update. Can Med Assoc J 169: 921-924.

. Brunzell JD, Davidson M, Furberg CD, Goldberg RB, Howard BV, et al. (2008)

Lipoprotein management in patients with cardiometabolic risk: consensus
statement from the American Diabetes Association and the American College of
Cardiology Foundation. Diabetes Care 31: 811-822.

January 2013 | Volume 8 | Issue 1 | 54628



