
Page 1/18

Discordance Between Circulating Atherogenic
Cholesterol Mass and Lipoprotein Particle
Concentration in Relation to Future Cardiovascular
Disease in China Population
Xin Su 

Capital Medical University https://orcid.org/0000-0002-7238-6534
Yingting Zuo 

Capital Medical University School of Public Health
Qi Zhai 

Capital Medical University School of Public Health
Yibo Zhang 

Capital Medical University School of Public Health
Zhang Xia 

Capital Medical University School of Public Health
Yuhao Li 

Capital Medical University School of Public Health
Yan He  (  yanhe1220@126.com )

Capital Medical University https://orcid.org/0000-0002-6496-8016

Original investigation

Keywords: Apolipoproteins, Lipoproteins, Cardiovascular disease, Mediation analysis

Posted Date: September 27th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-895695/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-895695/v1
https://orcid.org/0000-0002-7238-6534
mailto:yanhe1220@126.com
https://orcid.org/0000-0002-6496-8016
https://doi.org/10.21203/rs.3.rs-895695/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/18

Abstract
Background

It is uncertain whether measurement of circulating total atherogenic lipoprotein particle cholesterol mass
(non-high-density lipoprotein cholesterol [non-HDL-C]) or particle concentration (apolipoprotein B [Apo B])
more accurately re�ects risk of incident cardiovascular disease (CVD). We evaluated CVD risk among
China population in whom these markers where discordant.

Methods

In total, 7,117 initially healthy participants from the China Health and Nutrition Survey were included.
Logistic regressions among Apo B, non-HDL-C, and LDL-C, respectively, were used to examined CVD risk
by categories of concordant and discordant values de�ned by residual differences. Mediation analysis
was performed to explore the intermediary effect of Apo B between the obesity and the risk of CVD.

Results

Although all 3 biomarkers were correlated (r ≥ 0.81), discordance occurred in approximately 16% of China
participants. Participants with discordant high Apo B were more likely to have higher proportion of
traditional risk factors and dyslipidemia. During a follow-up of 6 years, 207 CVD cases were identi�ed.
High LDL-C, non-HDL-C and Apo B were associated with increased risk of CVD. Participants with
discordant high Apo B relative to LDL-C or non-HDL-C had increased CVD risk compared with concordant
levels, odds ratios were 1.38 (95% CI: 1.01 to 1.87), 1.40 (95% CI: 1.01 to 1.94), respectively. Furthermore,
mediation analyses revealed 16.67% of association between obesity with CVD was mediated by Apo B.

Conclusions

Discordance analysis demonstrates that Apo B is a more accurate marker of CVD risk in China healthy
participants than LDL-C and non-HDL-C. Direct measurement of lipoprotein particle concentration might
help better inform clinical risk assessment and guide clinical decision making.

Introduction
A large number of epidemiological and clinical studies indicate that arteriosclerotic cardiovascular
disease (ASCVD) is currently the leading fatal and disabling disease that endangers human health.
Evidence from genetic studies, animal studies, population-based cohort study and randomized clinical
trial, all indicated that LDL-C play a crucial role in CVD occurrence and development [1, 2]. At present, low-
density lipoprotein (LDL) cholesterol is the primary target for lipid-lowering therapy in the United States,
Canadian, and European guidelines [3–5]. However, in the actual work, even if LDL-C lowering has
unequivocal bene�t [6–8], some of the patients still failed to avoid cardiovascular events, i.e. the presence
of residual risk of cardiovascular events. Therefore, it is great signi�cance to identify other lipid targets
while controlling traditional risk factors.
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Non-HDL-C includes all the cholesterol in all proatherogenic lipoprotein, that is, LDL, very low-density
lipoproteins (VLDL), chylomicron remnants, and lipoprotein(a) (Lp(a)). Since each atherogenic particle
contains one molecule of Apo B, concentrations of Apo B are therefore considered to be a direct measure
of the total number of lipoproteins causing ASCVD [9].

Conventional studies comparing the predictive value of LDL-C, non-HDL-C, and Apo B for clinical CVD
events have produced contradictory results, and have not demonstrated clear evidence of predictive
superiority of one measure over another [10–12]. However, in these analyses, the measures have been
compared simultaneously as independent markers, in fact, they are tightly linked biologically, possibly
reducing the validity of the statistic results [13].

Discordance analysis is an analytical technique in which biologically linked variables are analyzed by
groups of concordance or discordance between their relative distributions. However, to our knowledge,
studies on the discordance analyses on CVD risk were mainly conducted in north European and U.S.
population samples. There was scarce evidence for the performed discordance analyses on CVD risk in
China participants. In the present study, we sought to verify and extend these observations by examining
risk when non-HDL-C is discordant with apo B—to determine if CVD risk is more closely related to total
atherogenic lipoprotein particle cholesterol (non-HDL-C) or rather to atherogenic particle number (Apo B),
and we also aimed to investigate whether Apo B serve as a mediator in the association between obesity,
diabetes and CVD.

Methods
Study design and participants

We used data from the China Health and Nutrition Survey (CHNS), which is an ongoing prospective
household-based international collaborative project [14, 15]. Starting in 1989, CHNS has collected data
from individuals, households, and communities to examine how economic development and social
changes in China have affected the health and nutrition status of the Chinese population. With the use of
a multistage random cluster sampling design. So far, there have been ten waves of panel surveys: 1989,
1991, 1993, 1997, 2000, 2004, 2006, 2009, 2011, 2015. The CHNS was approved by the Institutional
Review Committees of the University of North Carolina at Chapel Hill and the National Institute of
Nutrition and Food Safety, the Chinese Center for Disease Control and Prevention. All participants
provided written informed consent prior to the surveys

As data on biochemical measurements were not collected before the 2009 surveys, the present study
sample included from the survey year of 2009, 2011 and 2015. In 2009 survey, there were 12,178
participants. We excluded participants with preexisting cardiovascular disease (de�ned as known
previous myocardial infarction or stroke) at baseline, younger than 18 years old, and lost to follow-up, the
�nal study sample was 7,117 participants.

Outcome Ascertainment
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The study outcome was incident CVD. CHNS participants were asked whether he/she was diagnosed with
myocardial infarction or stroke by a physician. We de�ned CVD incident as having either myocardial
infarction or stroke.

Determination of lipid pro�le

Blood samples were drawn from each participant in the morning after an overnight fasting for 8-12h and
stored at −86℃ for subsequent laboratory analysis. All samples were veri�ed and analyzed in a national
central laboratory in Beijing according to strict quality control standards [16]. Serum total cholesterol (TC)
was measured using CHOD-PAP method (Kyowa, Tokyo, Japan). Triacylglycerol was measured using
glycerol-phosphate oxidase (GPO-PAP) method (Kyowa). High-density lipoprotein (HDL) cholesterol and
low-density lipoprotein (LDL) cholesterol was measured using enzymatic methods (Kyowa). Non-HDL-C
was calculated as total cholesterol (TC) minus HDL-C. Apolipoprotein B was measured using
immunoturbidimetric method (Randox, Crumlin, UK). High sensitivity C-reactive protein (hs-CRP) was
measured using the immunoturbidimetric method. Serum glucose was tested using the glucose oxidase
method (Randox). Whole blood glycated hemoglobin A1c (HbA1c) levels were measured on an automatic
clinical chemistry analyzer (model HLC-723G7; Tosoh). Uric acid concentrations was measured using
enzymatic Colorimetric method (Randox).

Covariates

At baseline, trained interviewers collected information on social and demographic characteristics and
health-related factors using a standard questionnaire, including age, sex (male, female), marital status
(married and other marital status), education level (primary school and below, middle school and above).
Self-reported health behaviors included smoking status (never and current smoker), frequency of alcohol
consumption in the past year (never and current), self-reported physician-diagnosed chronic diseases
(diabetes and hypertension), and use of prescribed medications for diabetes, hypertension. Height,
weight, and blood pressure were measured by a trained nurse. Body mass index (BMI) was calculated as
the weight in kilograms divided by the square of the height in meters. The estimated glomerular �ltration
rate(eGFR) was calculated using the CKD- EPI equation [17].

Statistics

Data were described as means and SDs for normally distributed continuous variables, and as medians
and interquartile ranges for nonnormally distributed continuous variables. Frequency with percentage
was used to describe categorical variables. Differences in baseline characteristics of the
concordant/discordant groups were assessed with the Kruskal–Wallis test for quantitative variables and
with the chi-square or Fisher exact test for qualitative variables. Correlations assessed using Spearman
rank correlation coe�cient (r) and depict the distribution of biomarker values in the overall study
participants using scatterplots.
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We modeled discordance by using residuals from linear regression models to re�ect the discordance
between expected and measured Apo B or non-HDL-C based on LDL-C, Apo B based on non-HDL-C. First,
the relation of Apo B or non-HDL-C based on LDL-C, Apo B based on non-HDL-C was expressed by linear
regression models. Then the difference between the observed level and the level expected based on the
regression was calculated for each individual. This value is the residual. To compare risk, we examined
risk among those with very positive residuals (>75th percentile; i.e., observed Apo B or non-HDL-C much
higher than expected based on LDL-C) or very negative residuals (<25th percentile; i.e., observed apo B or
non-HDL-C much lower than expected), compared to those with intermediate residuals (25th, 75th
percentiles; i.e., observed Apo B or non-HDL-C similar to expected).

Logistic regression analyses were used to examine the odds ratios (ORs) and 95% con�dence intervals
(CIs) between concordant and discordant groups, with the intermediate residual group (25th, 75th
percentiles) as the referent, in 3 models: model 1 (unadjusted), model 2 (adjusted for age, sex, married,
educational level, smoking status, drinking status, antihypertensive and antidiabetic medication use,
hypertension, diabetes), and model 3 (all variables in model 2 plus SBP, DBP, FPG, HbA1c, TC, TG, HDL-C,
LDL-C, eGFR, UC and hs-CRP). We also examined the associations of LDL-C, non-HDL-C and Apo B with
CVD risk factors grouping the lipids variables into tertiles as well as with continuous terms for LDL-C,
non-HDL-C and Apo B. Additionally, we also performed mediation analyses in order to investigate whether
ApoB serve as intermediate variables (mediator) in the association of obesity and risk of CVD.

To con�rm the robustness of our results, we conducted sensitivity analyses using based on medians
de�ned concordant and discordant to estimate the risk ratios and 95% CIs, adjusting for the same set of
covariates. All analyses were conducted using SPSS 25 software and Stata/SE 15.1. A 2-tailed p
value<0.05 was considered statistically signi�cant.

Results
The 2 methods for de�ning discordance differed in the participants whom they identi�ed (Fig. 1). Despite
high correlations of Apo B and LDL-C (Spearman r = 0.85, P < 0.001), non-HDL-C and LDL-C (Spearman r = 
0.81, P < 0.001), Apo B and non-HDL-C (Spearman r = 0.89, P < 0.001) (Table 1), the prevalence of
discordance, de�ned based on medians, between LDL-C with non-HDL-C and Apo B, non-HDL-C with Apo
B, was 16.05%, 16.48%, and 12.58%, respectively. Although most participants had concordant levels of
LDL-C with non-HDL-C (Fig. 1A; top right and bottom left quadrants, or blue circles), and Apo B (Fig. 1B),
non-HDL-C with Apo B (Fig. 1C), there were many participants with discordant levels (Fig. 1; top left and
bottom right quadrants, or green and red circles).

 



Page 6/18

Table 1
Spearman correlation coe�cients between LDL-C, non-HDL-C and Apo B

  Spearman Correlation r P-Value

Apo B vs. LDL-C 0.85 < 0.001

non-HDL-C vs. LDL-C 0.81 < 0.001

Apo B vs. non-HDL-C 0.89 < 0.001

LDL- C, low- density lipoprotein cholesterol; non-HDL-C, non-high-density lipoprotein cholesterol; Apo
B, apolipoprotein B

Baseline Characteristics
A total of 7,117 participants with available data were enrolled in our study. Baseline characteristics for
groups of participants with concordant and discordant de�ned based on residual differences values of
non-HDL-C versus Apo B are shown in Table 2. Participants with discordant high Apo B generally tended
to be older, more male, with higher BMI levels, and had a higher proportion of traditional risk factors such
as hypertension, diabetes. Signi�cantly, the levels of atherogenic lipid measures such as TG, TC, LDL-C,
non-HDL-C and Lp(a) had been dramatically increased, compared with those in the concordant and
discordant low Apo B groups. eTables 1 and 2 correspondingly shows baseline characteristics by groups
of participants with concordant and discordant values of LDL-C with non-HDL-C and Apo B, results were
similar.
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Table 2
Baseline characteristics among all participants with discordant or concordant values of non-HDL-C and

Apo B

  Discordant

Apo B lower

than expected

(n = 1779)

Concordant

Apo B close

to expected

(n = 3559)

Discordant

Apo B higher

than expected

(n = 1779)

P-
value

Age(years) 46.6(14.5) 51.7(14.1) 53.2(13.7) < 
0.001

Female (n, %) 940(52.8) 1925(54.1) 952(53.5) 0.68

Married (n, %) 1526(85.8) 3077(86.5) 1560(87.7) 0.23

Educational level       0.02

Primary school and below 718(40.4) 1613(45.3) 756(42.5)  

Middle school and above 1061(59.6) 1946(54.7) 1023(57.5)  

Smoking status       0.65

Never 1300(73.1) 2564(72.0) 1227(71.8)  

Current 479(26.9) 995(28.0) 502(28.2)  

Drinking status       0.87

Never 1191(66.9) 2401(67.5) 1189(66.8)  

Current 588(33.1) 1158(32.5) 590(33.2)  

History of comorbidities        

Diabetes 27(1.5) 90(2.5) 67(3.8) < 
0.001

Hypertension 146(8.2) 427(12.0) 272(15.3) < 
0.001

History of medication use        

Antidiabetic medications 27(1.5) 90(2.5) 67(3.8) < 
0.001

Antihypertensive
medications

105(5.9) 339(9.5) 215(12.1) < 
0.001

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting
plasma glucose; HbA1c, glycated hemoglobin A1c; TC, total cholesterol; TG, triglyceride; HDL- C, high-
density lipoprotein cholesterol; LDL- C, low- density lipoprotein cholesterol; Apo B, apolipoprotein B;
Apo A, apolipoprotein A; Lp(a), Lipoprotein(a); UA, uric acid; Hs-CRP, high-sensitivity C-reactive protein;
eGFR, estimated glomerular �ltration rate.
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  Discordant

Apo B lower

than expected

(n = 1779)

Concordant

Apo B close

to expected

(n = 3559)

Discordant

Apo B higher

than expected

(n = 1779)

P-
value

BMI (km/m2) 22.9(3.6) 23.3(3.4) 24.0(3.4) < 
0.001

SBP (mmHg) 120.3(17.0) 124.9(18.6) 128.4(19.2) < 
0.001

DBP (mmHg) 78.9(10.8) 80.7(11.3) 82.4(11.3) < 
0.001

FPG (mmol/L) 5.3(1.5) 5.4(1.4) 5.5(1.6) < 
0.001

HbA1c (%) 5.5(0.8) 5.6(0.8) 5.7(1.1) < 
0.001

TC (mg/dL) 171.7(35.7) 189.3(35.1) 202.8(40.6) < 
0.001

TG (mg/ dL) 103.6(66.4-
207.3)

105.4(74.4-
154.1)

132.9(92.1–
194.0)

< 
0.001

HDL-C (mg/ dL) 53.3(15.0) 56.1(14.4) 57.8(30.6) < 
0.001

LDL-C (mg/ dL) 90.4(33.4) 118.7(33.8) 133.3(37.2) < 
0.001

non-HDL-C (mg/ dL) 118.3(37.6) 133.2(34.1) 145.1(48.4) < 
0.001

Apo A (mg/ dL) 108.9(23.4) 110.1(24.9) 134.9(63.6) < 
0.001

Apo B (mg/ dL) 69.2(18.3) 89.7(19.7) 114.5(25.1) < 
0.001

Lp(a) (mg/ dL) 5.4(3.0-9.8) 8.6(4.3–17.3) 9.8(5.1–23.6) < 
0.001

UA (µmol/L) 319.8(144.0) 298.6(89.0) 310.7(91.7) 0.33

hs-CRP (mg/L) 1.0(0.0–2.0) 1.0(0.0–2.0) 1.0(1.0–3.0) 0.06

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting
plasma glucose; HbA1c, glycated hemoglobin A1c; TC, total cholesterol; TG, triglyceride; HDL- C, high-
density lipoprotein cholesterol; LDL- C, low- density lipoprotein cholesterol; Apo B, apolipoprotein B;
Apo A, apolipoprotein A; Lp(a), Lipoprotein(a); UA, uric acid; Hs-CRP, high-sensitivity C-reactive protein;
eGFR, estimated glomerular �ltration rate.
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  Discordant

Apo B lower

than expected

(n = 1779)

Concordant

Apo B close

to expected

(n = 3559)

Discordant

Apo B higher

than expected

(n = 1779)

P-
value

eGFR (mL/min/1.73 m2) 84.0(16.6) 78.4(16.0) 76.3(15.7) < 
0.001

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting
plasma glucose; HbA1c, glycated hemoglobin A1c; TC, total cholesterol; TG, triglyceride; HDL- C, high-
density lipoprotein cholesterol; LDL- C, low- density lipoprotein cholesterol; Apo B, apolipoprotein B;
Apo A, apolipoprotein A; Lp(a), Lipoprotein(a); UA, uric acid; Hs-CRP, high-sensitivity C-reactive protein;
eGFR, estimated glomerular �ltration rate.

Cvd For Lipid Traits
During follow up of 6 years, 207 participants experienced incident CVD. All studied lipid and
apolipoprotein parameters were statistically signi�cantly associated with the risk of cardiovascular
disease. The ORs and 95% CIs were calculated separately for the LDL-C, non–HDL-C and Apo B tertiles
(Table 3). Using the lowest tertile as the referent, the middle (OR: 1.71; 95% CI: 1.13–2.59) and high (OR:
2.00; 95% CI: 1.34–2.98) baseline Apo B tertiles had signi�cantly greater odds for CVD in the
multivariable adjusted models. Similar overall results were observed across tertiles of LDL-C and non-
HDL-C. When these three indicators are used as continuous variables, the ORs per one standard deviation
increase in LDL-C, non–HDL-C, and Apo B were 1.13 (95% CI, 1.00-1.28), 1.20 (95% CI, 1.04–1.38) and
1.21 (95% CI, 1.06–1.39), respectively (Table 3).
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Table 3
Multivariable adjusted odds ratios of incident CVD according to concentrations of apolipoprotein B, non-

HDL Cholesterol, and LDL Cholesterol

  cases all Model 1 Model 2 Model 3

Apo B          

Per 1 SD     1.44(1.27,1.63) 1.26(1.10,1.44) 1.21(1.06,1.39)

Q1 35 2458 Ref Ref Ref

Q2 72 2358 2.18(1.45,3.28) 1.79(1.19,2.72) 1.71(1.13,2.59)

Q3 100 2301 3.15(2.13,4.64) 2.14(1.44,3.20) 2.00(1.34,2.98)

Non-HDL-C          

Per 1 SD     1.39(1.22,1.58) 1.23(1.07,1.42) 1.20(1.04,1.38)

Q1 38 2370 Ref Ref Ref

Q2 81 2399 1.94(1.37,2.76) 1.64(1.15,2.34) 1.58(1.10,2.26)

Q3 88 2348 2.42(1.65,3.55) 1.68(1.14,2.50) 1.57(1.06,2.34)

LDL-C          

Per 1 SD     1.26(1.13,1.40) 1.14(1.02,1.28) 1.13(1.00,1.28)

Q1 46 2399 Ref Ref Ref

Q2 70 2327 1.59(1.09,2.31) 1.37(0.93,2.01) 1.34(0.91,1.98)

Q3 91 2391 2.02(1.41,2.90) 1.48(1.02,2.15) 1.46(1.00,2.13)

Model 1 unadjusted. Model 2 adjusted for variables in model 1 with age, sex, current smoker, current
alcohol, history of diabetes, hypertension, use antidiabetic medication and antihypertensive
medication in 2009. Model 3 adjusted for variables in model 2 with systolic blood pressure, diastolic
blood pressure, fasting blood glucose, glycated hemoglobin A1c, total cholesterol, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, high-sensitive C-reactive
protein, estimated glomerular �ltration rate and uric acid in 2009.

Cvd For Discordant Lipid Traits
De�ning discordance based on residual differences, participants with discordant high Apo B were at
higher risk of CVD relative to those with concordant Apo B and non-HDL-C (OR: 1.40; 95% CI: 1.01–1.94).
Participants with discordant low Apo B were not associated with increased risk of CVD (OR: 1.29; 95% CI:
0.88–1.88) relative to those with concordant values (Table 4). Similar results were found for discordant
high Apo B and non-HDL-C with LDL-C, while discordant low Apo B and non-HDL-C with LDL-C was
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associated with lower risk for CVD (HR:0.61; 95% CI: 0.39–0.97 and HR:0.55; 95% CI: 0.35–0.86,
respectively) (Table 4).

 
Table 4

OR (95% CIs) from Logistic regression analyses of incident CVD associated with discordant and
concordant concentrations of Apolipoprotein B, LDL Cholesterol, and Non-HDL Cholesterol, based on

residual differences

  Apo B and LDL-C

Group Model 1 Model 2 Model 3

Discordant low Apo B 0.47(0.30,0.74) 0.58(0.37,0.92) 0.61(0.39,0.97)

Concordant Reference Reference Reference

Discordant high Apo B 1.68(1.25,2.26) 1.45(1.07,1.97) 1.38(1.01,1.87)

  non-HDL-C and LDL-C

Group Model 1 Model 2 Model 3

Discordant low non-HDL-C 0.49(0.31,0.76) 0.55(0.35,0.87) 0.55(0.35,0.86)

Concordant Reference Reference Reference

Discordant high non-HDL-C 1.63(1.21,2.19) 1.40(1.03,1.91) 1.48(1.07,2.05)

  Apo B and non-HDL-C

Group Model 1 Model 2 Model 3

Discordant low Apo B 0.96(0.67,1.39) 1.26(0.87,1.84) 1.29(0.88,1.88)

Concordant Reference Reference Reference

Discordant high Apo B 1.61(1.17,2.20) 1.45(1.05,2.01) 1.40(1.01,1.94)

Model 1 unadjusted. Model 2 adjusted for variables in model 1 with age, sex, current smoker, current
alcohol, history of diabetes, hypertension, use antidiabetic medication and antihypertensive
medication in 2009. Model 3 adjusted for variables in model 2 with systolic blood pressure, diastolic
blood pressure, fasting blood glucose, glycated hemoglobin A1c, high-sensitive C-reactive protein,
estimated glomerular �ltration rate and uric acid in 2009.

Mediation Analyses
The results of mediation analysis Apo B on the association between obesity and risk of CVD showed that
the direct effect (mediated through pathways other than Apo B) was 0.01, the indirect effect (mediated by
Apo B) was 0.002. The association of obesity and CVD risk was mediated by Apo B was 16.67%. (Fig. 2).
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Sensitivity Analyses
eTable 3 also displays the ORs of participants for the 4 concordance/discordance categories de�ning
based on medians of each set of LDL-C and Apo B or non-HDL-C groups, non-HDL-C and Apo B groups,
separately. The low/low phenotypes constituted the reference group. The ORs for the high Apo B/low
LDL-C (OR:1.67; 95% CI: 1.00 to 2.79), high Apo B/low non-HDL-C (OR:1.94; 95% CI: 1.10 to 3.45) and high
non-HDL-C/low LDL-C groups (OR:1.67; 95% CI: 1.02 to 2.75) were signi�cantly increased risk of CVD. In
contrast, discordant of the low Apo B/high LDL-C, low Apo B/high non-HDL-C and low non-HDL-C/high
LDL-C groups were not associated with increased risk of CVD.

Discussion
The present study provides novel evidence into the value of Apo B and non-HDL-C versus LDL-C in China
population for identifying ASCVD risk. Among 7,117 participants from the China Health and Nutrition
Survey, we found that despite high correlations, a sizable proportion (approximately 16%) of these
participants had discordant LDL-C and Apo B or non-HDL-C. Participants with discordant high Apo B or
non-HDL-C tended to also have higher prevalence of baseline cardiometabolic traits. When cholesterol
and lipoprotein particle concentration were discordant, risk tracked better with lipoprotein particle
concentration. These �ndings could inform CVD risk discussions, it may be reasonable to directly
measure lipoprotein particle number for better risk assessment.

In clinical practice, use LDL-C as the risk marker of CVD risk and the effect of statin therapy monitored
goals. However, recent evidence suggests that measures of total atherogenic lipoprotein cholesterol
concentration (non-HDL-C) and atherogenic lipoprotein particle concentration (Apo B or LDL-p) may be
superior markers of longitudinal risk of CHD [12, 18–21]. Non-HDL-C represents the cholesterol content of all
atherogenic lipoproteins, including triglyceride-rich lipoproteins (VLDL, IDL) and LDL, more
comprehensive assessment of total circulating atherogenic cholesterol. Apo B represents the number of
atherogenic particles, because every atherogenic particle contains a molecule of Apo B. Biologically,
atherogenic lipoprotein particle concentration might better re�ect the potential for cholesterol-carrying
lipoproteins to be taken up into the neointima of atheromatous lesions, inciting and then propagating
atherosclerotic coronary disease [22, 23].

Although conventional studies comparing the predictive value of LDL-C, non-HDL-C, and Apo B for clinical
CVD events have produced contradictory results [11, 24], the results of studies using discordance analysis
have produced consistent results despite the different de�nitions of discordance used across studies.
The Apo B or LDL particle number in the INTER-HEART study and Framingham Heart Study has been
shown to have a greater predictive ability for CHD than LDL-C [20, 25]. Similarly, the same results were
obtained in the Women’s Health Study [21, 26]. The Copenhagen General Population Study, in patients
treated with statins, Apo B and non-HDL-C demonstrated better predictive ability than LDL-C for residual
cardiovascular risk [27]. The present study adds to this growing body of literature by demonstrating
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similar results across the China participants, suggesting that measuring Apo B as a marker of lipid-
associated atherogenic risk may help identify CVD.

Obesity can cause an increased �ux of nonesteri�ed fatty acids from adipose to liver, insulin resistance
cause over expression of microsomal triglyceride transfer protein in the liver, both will cause an increased
production of VLDL-TG [28]. Lipoprotein particle may lead to endothelial cell damage and the formation of
the foam cell, which has been considered as an important risk factor of CVD [29, 30], supporting the
hypothesis that lipoprotein particle served as a mediator in the association. Our �ndings are highly
relevant in the context of the current landscape of primary ASCVD prevention. Apo B is commonly
measured in clinical settings for subjects with high TG levels, DM, obesity, or very low LDL-C levels. In
fact, both American and European medical societies endorse measurement of Apo B in this setting [3, 4].

We evaluated 2 approaches for de�ning discordance, which labeled different groups of participants as
“discordant”. We chose to emphasize the residual difference method of identifying discordance over the
method using median cut-points. Although the method using medians is informative and potentially more
clinically accessible, splitting around medians carries the risk of misclassi�cation, this misclassi�cation
would, be expected to bias the results toward the null. Nonetheless, taken together, de�ning discordance
based on the residual difference method could avoid many of these misclassi�cation and confounding
limitations inherent to the median cut-point method, at the expense of being more di�cult to determine in
clinical practice.

Strengths of the present study include, �rst, that it is a large study on China participants within a
representative cohort of the general population, includes 15 provinces and municipal cities which
represented 47% of the Chinese population based on the 2010 census. Second, we used two methods to
de�ne discordance, which showed robustness of our �ndings. Limitations of this study should be
considered. There might be restrictions regarding generalization across ethnicities as we only included
China individuals. Apo B measurements were obtained at a single examination, but have not been
repeated, therefore, the evolution of Apo B over time is not available.

Conclusion
In a representative cohort of China individuals free of CVD, CVD risk is more strongly associated with
lipoprotein particle concentration rather than to the mass of cholesterol carried by them. Our results are
timely and may be of importance for future guidelines on management and treatment goals for lipid-
lowering therapy in clinical practice. Future studies are needed to determine whether Apo B lowering to
speci�c targets is associated with cardiovascular bene�t.
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Figure 1

Scatterplots and prevalence of discordance and concordance A, LDL-C and non-HDL-C; B, LDL-C and Apo
B; C, non-HDL-C and Apo B
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Figure 2

Mediation model for the association between obesity and cardiovascular disease with Apo B as
mediators.
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