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Abstract
Background Previous studies have shown that non-fasting lipids have similar values in cardiovascular
risk estimation as fasting, but it is not clear whether this could also be applicable to Chinese participants.

Methods A total of 127 (76 men, 51 women) participants without atherosclerotic cardiovascular diseases
(ASCVD) were enrolled in the study. Serum levels of blood lipids were monitored at 0 h, 2 h and 4 h after a
daily breakfast. Ten-year cardiovascular disease (CVD) risk was estimated with China ASCVD risk
estimator and Europe SCORE risk charts. Kappa statistic was used to determine agreement among
estimators.

Results there was substantial agreement between China ASCVD risk estimator based on fasting and non-
fasting lipid pro�les (Kappa = 0.731 or 0.718, P < 0.001), but poorly agreement between China ASCVD risk
estimator and SCORE low- or high-risk chart (Kappa = 0.339 or 0.300, P < 0.001).

Conclusions Promoting use of non-fasting blood lipids in diagnosis, evaluation, and prediction of CVD
are feasible. Furthermore, non-fasting blood lipids could be used in China ASCVD risk estimator to
evaluate assess 10-year risk of ASCVD among Chinese general participants.

1. Background
Cardiovascular disease (CVD) is the leading cause of death in worldwide [1] and accounts for more than
40% of deaths in China [2]. CVD is caused by multiple invariable and variable factors, the former includes
age, gender, genetic heritage, and the latter includes smoking, physical inactivity, obesity, hypertension,
hyperglycemia and hyperlipidemia, which can be modi�ed [3]. Dyslipidemia is the strongest modi�able
risk factor for CVD, and the measurement of blood lipids is an integral part of overall CVD risk
assessment [4]. For decades, many guidelines recommended that blood lipids should be detected in the
fasting state (usually at least 8 h or even overnight after the last meal), which actually poses obvious
barriers and inconvenience to lipids detection, such as poor compliance, time-consuming, income
reduction, losing visit and missed cases.

However, fasting is not routinely required for determination of a lipid pro�le [5]. Large population studies
performed in Copenhagen and Calgary showed that maximal mean changes in lipid pro�les as measured
in non-fasting samples versus fasting ones were minor, with triglyceride (TG) level increased 26 mg/dl
(0.3 mmol/l), remnant cholesterol (RC) level increased 8 mg/dl (0.2 mmol/l), total cholesterol (TC) level
decreased 8 mg/dl (0.2 mmol/l), low density lipoprotein cholesterol (LDL-C) level decreased 8 mg/dl
(0.2 mmol/l), non-high-density–lipoprotein cholesterol (non-HDL-C) level decreased 8 mg/dl (0.2 mmol/l),
whereas high density lipoprotein cholesterol (HDL-C), lipoprotein(a), apolipoprotein B, and apolipoprotein
A1 were largely unaffected [6, 7]. Recent evidence showed that non-fasting lipid pro�le had similar
predictive strength as fasting in risk estimation, and thus it could be used for screening general risk
assessment [8–12]. Moreover, non-fasting level of TG or RC as well as LDL-C has been demonstrated as
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an independent risk factor for CVD and ischemic stroke [13–15]. Thus, non-fasting blood lipid testing has
been supported by multiple societies, guidelines and statements [5, 16–20].

As we know that study about evaluating cardiovascular risk with non-fasting blood lipids for primary
prevention in China is rare [21], especially about the comparison of fasting and non-fasting blood lipids in
the same patients within a same day [22]. Furthermore, there was no study to compare the roles of two
different risk assessment tools in risk strati�cation in Chinese general subjects via fasting or non-fasting
blood lipids after a daily meal in a same day. The aim of this study was to use fasting and non-fasting
lipid pro�les to estimate CVD risk in Chinese participants through two established risk assessment tools:
China atherosclerotic CVD (ASCVD) risk estimator and Europe Systemic Coronary Risk Estimation
(SCORE) risk charts, and compare the consistency between two estimators.

2. Methods
2.1 Study participants

From March 2017 to September 2019, 127 participants (76 men, 51 women) without ASCVD were
enrolled in the study at the Second Xiangya Hospital of Central South University. All participants were
hospitalized due to supraventricular tachycardia without acute attacks waiting for radiofrequency
ablation, and had no history of thyroid diseases, liver and kidney diseases, autoimmune disease, cancer
or other severe medical illnesses, and no one took hypolipidemic agents. The study was approved by the
Ethics Committee of the Second Xiangya Hospital of Central South University and informed consent was
gained from all participants.

2.2 Sample collection
All enrolled participants took breakfast according to their daily diet habits after at least 8 h or overnight
fasting. Venous blood samples were collected before and at 2 h, 4 h after breakfast. During the 4 h period,
participants were only allowed to drink water and prohibited to smoke, drink wine, eat any food or
strenuous exercises.

2.3 Laboratory examinations
The concentrations of serum TC and TG were measured by enzyme method, HDL-C and LDL-C were
measured by chemical masking method (Wako, Japan) based on Hitachi 7170A automatic biochemical
analyzer [23, 24]. RC and non-HDL-C level were calculated by the two following formulas, RC = TC –
(HDL–C) – (LDL-C), and non-HDL-C = TC – (HDL–C).

2.4 Risk estimator
China ASCVD risk estimator based on China's �rst risk prediction model with ASCVD as the endpoint
event to validate the 10-year ASCVD risk in Chinese participants, which included age, BP, TC level, LDL-C
level, HDL-C level, current smoking, and diabetes mellitus. [25, 26]. Europe SCORE system was based on
large, representative European cohort datasets, and included age, gender, smoking, systolic blood
pressure and total cholesterol level [27].
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2.5 Statistical analyses
All data were analyzed using Social Sciences (SPSS) version 22.0 and Graph Pad prism7.0 software.
Continuous variables and categorical parameters were compared with the Students t-test and chi-square
test, respectively. Quantitative variables were expressed as mean ± standard deviation (SD) unless
speci�cally explained, and qualitative variables were expressed as numbers and percentages. Reliability
analysis was performed with the Kappa statistic to determine consistency among estimators. Two
estimators were said to be in poor agreement if the Kappa statistic was < 0, in slight agreement if 0.0 to
0.20, fair agreement if 0.21 to 0.40, moderate agreement if 0.41 to 0.60, substantial agreement if 0.61 to
0.80, and in perfect agreement if it was 0.81 to 1.00 [28]. All tests were considered to be statistically
signi�cant at P value < 0.05.

3. Results
3.1 Basic characteristics of the study participants

The total number of participants in this study was 127, including 76 men (59.8%) and 51 (40.2%) women.
There were no signi�cant differences in age, systolic or diastolic blood pressure, TC level, LDL-C level,
non-HDL-C level, the percentages of cases with hypertension and diabetes between male and female
participants, except male participants had signi�cantly higher body mass index (BMI), levels of TG and
RC, while lower HDL-C level. Besides, the smokers incorporated in this study were all male (Table 1).
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Table 1
Basic clinical features of study participants

  Total participants (n = 127) Man (n = 76) Female (51) P value

Age, y 53.5 ± 8.9 52.9 ± 9.1 54.4 ± 8.5 0.363

BMI, kg/m2 24.4 ± 3.3 24.9 ± 3.4 23.7 ± 2.9 0.029*

SBP, mm Hg 130.9 ± 16.8 129.0 ± 14.8 133.6 ± 19.2 0.16

DBP, mmHg 80.8 ± 11.6 79.1 ± 12.4 83.2 ± 10.0 0.053

TC, mmol/L 4.5 ± 0.8 4.4 ± 0.9 4.6 ± 0.8 0.215

HDL-C, mmol/L 1.1 ± 0.3 1.0 ± 0.2 1.2 ± 0.3 < 0.001*

LDL-C, mmol/L 2.9 ± 0.7 2.8 ± 0.7 2.9 ± 0.7 0.831

TG, mmol/L 1.5 (1.2–2.2) 1.7 (1.2–2.3) 1.4 (1.0–2.0) 0.041*

non-HDL, mmol/L 3.3 ± 0.8 3.3 ± 0.8 3.3 ± 0.8 0.747

RC, mmol/L 0.5 (0.4–0.5) 0.5 (0.4–0.6) 0.4 (0.3–0.5) 0.028*

Hypertension, n (%) 66 (52.0) 43 (56.6) 23 (45.1) 0.091

Diabetes, n (%) 11 (8.7) 8 (10.5) 3 (5.9) 0.362

Smoking, n (%) 40 (31.5) 40 (52.6) 0 (0.0) < 0.001*

BMI, Body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure;

Data expressed as mean with standard deviation, number (percentage) and quantile.

* P values are statistically signi�cant.

3.2 Changes between fasting and non-fasting lipid levels after a daily breakfast

Taking all participants as a whole, the serum levels of TC and non-HDL-C mildly decreased at 2 h, but
slightly recovered at 4 h. In the meantime, both TG and RC levels increased signi�cantly and reached their
peak at 4 h while LDL-C level reached the lowest value at 4 h (P < 0.05). Besides, postprandial change in
HDL-C level was negligible (Fig. 1). 

To be speci�c, in this study, TC level decreased from 4.5 mmol/l at baseline to 4.1 mmol/l at 2 h and
increased to 4.2 mmol/l at 4 h, non-HDL-C level decreased from 3.3 mmol/l to 3.1 mmol/l at 2 h and
increased to 3.2 mmol/l at 4 h, and LDL-C level decreased from 2.9 to 2.2 mmol/l at 4 h. Besides, TG and
RC levels respectively varied from 1.5 mmol/l at baseline to 2.1 mmol/l, 0.5 mmol/l to 0.7 mmol/l at 4 h
after a daily breakfast.

3.3 Cardiovascular risk classi�cations based on fasting and non-fasting lipid pro�les using different risk
estimators
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All participants were undergone cardiovascular risk assessment according to China ASCVD risk estimator
and Europe SCORE risk charts respectively.[25, 26, 29, 30]. China ASCVD risk estimator respectively
classi�ed approximately half of the participants as low-risk (0 h, 2 h, 4h: 49.6%, 55.1%, 55.1%), less than
one-�fth of them as moderate-risk (0 h, 2 h, 4h: 18.9%, 17.3%, 15.7%), about one-�fth of them as high-risk
(0 h, 2 h, 4h: 22.8%, 18.9%, 20.5%) in fasting and non-fasting state after a daily breakfast (Fig. 2A).
However, Europe SCORE system (low-and high-risk charts) showed a different result which classi�ed less
than one-third them as low risk (low risk chart: 0 h, 2 h, 4h: 25.2%, 25.2%, 24.4%; high risk chart: 0 h, 2 h,
4h: 15.0%, 15.0%, 15.0%), more than half of the participants as moderate risk (low risk chart: 0 h, 2 h, 4h:
55.9%, 55.9%, 56.7%; high risk chart: 0 h, 2 h, 4h: 53.5%, 55.9%, 55.1%), less one-fourth of them as high-
risk (low risk chart: 0 h, 2 h, 4h: 10.2%, 10.2%, 10.2%; high risk chart: 0 h, 2 h, 4h: 22.8%, 20.4%, 21.2%) in
both fasting and non-fasting states. Apart from this, the percentages of very high-risk in both two risk
estimators are the same (8.7%) (Fig. 2B-C). From these results, the big difference is that China ASCVD risk
estimator assessed half of the participants as low risk, while the European risk charts assessed half of
the participants as moderate risk in the same participants (Fig. 2A-C). 

There was substantial agreement between China ASCVD risk estimator based on fasting and non-fasting
lipid pro�les (Kappa = 0.731 or 0.718, P < 0.001) (Table 2). In addition, the agreement between SCORE
system based on fasting and non-fasting lipid pro�les in both low- and -high risk charts were high
respectively, (Kappa = 0.922 or 0.935, P < 0.001, Table 3) (Kappa = 0.886 or 0.874, P < 0.001, Table 4).
However, agreement between China ASCVD risk estimator and SCORE low- or high-risk chart was
relatively poorly no matter in fasting (Kappa = 0.339 or 0.300, P < 0.001) (Table 5) or non-fasting state.
(Kappa = 0.364 or 0.286, P < 0.001) (Table 6), which indicated China ASCVD risk estimator and SCORE
risk charts are inconsistent in risk strati�cation in the same Chinese general participants.
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Table 2
Agreement in China ASCVD risk estimator based on fasting and non-fasting lipid pro�les.

  Fasting risk category        

Postprandial
blood lipid

Low-
risk

Moderate-
risk

High-
risk

Very high-
risk

Total, n
(%)

Kappa P
value

Postprandial 2 h risk
category

        0.731 0.001

Low risk 60 8 2 0 70(55.1)    

Moderate-risk 3 13 6 0 22 (17.3)    

High-risk 0 3 21 0 24 (18.9)    

Very high-risk 0 0 0 11 11 (8.7)    

Postprandial 4 h risk
category

        0.718 0.001

Low risk 59 10 1 0 70 (55.1)    

Moderate-risk 4 11 5 0 20(15.7)    

High-risk 0 3 23 0 26(20.5)    

Very high-risk 0 0 0 11 11 (8.7)    

Total, n (%) 63
(49.6)

24(18.9) 29(22.8) 11 (8.7) 127
(100.0)
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Table 3
Agreement in SCORE low- risk chart based on fasting and non-fasting lipid pro�les.

  Fasting risk category        

Postprandial
blood lipid

Low-
risk

Moderate-
risk

High-
risk

Very high-
risk

Total, n
(%)

Kappa P
value

Postprandial 2 h risk
category

        0.922 0.001

Low risk 29 3 0 0 32(25.2)    

Moderate-risk 3 68 0 0 71 (55.9)    

High-risk 0 0 13 0 13 (10.2)    

Very high-risk 0 0 0 11 11 (8.7)    

Postprandial 4 h risk
category

        0.935 0.001

Low risk 29 2 0 0 31 (24.4)    

Moderate-risk 3 69 0 0 72(56.7)    

High-risk 0 0 13 0 13(10.2)    

Very high-risk 0 0 0 11 11 (8.7)    

Total, n (%) 32
(25.2)

71(55.9) 13(10.2) 11 (8.7) 127
(100.0)
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Table 4
Agreement in SCORE high- risk chart based on fasting and non-fasting lipid pro�les.

  Fasting risk category        

Postprandial blood
lipid

Low-
risk

Moderate-
risk

High-
risk

Very high-
risk

Total, n
(%)

Kappa P
value

Postprandial 2 h risk
category

        0.886 0.001

Low risk 16 3 0 0 19 (15.0)    

Moderate-risk 3 65 3 0 71 (55.9)    

High-risk 0 0 26 0 26 (20.5)    

Very high-risk 0 0 0 11 11 (8.7)    

Postprandial 4 h risk
category

        0.874 0.001

Low risk 16 3 0 0 19 (15.0)    

Moderate-risk 3 64 3 0 70 (55.1)    

High-risk 0 1 26 0 27 (21.3)    

Very high-risk 0 0 0 11 11 (8.7)    

Total, n (%) 19
(15.0)

68 (53.5) 29
(22.8)

11 (8.7) 127
(100.0)

   

 



Page 10/19

Table 5
Agreement between China ASCVD risk estimator and SCORE risk charts based on fasting lipid pro�les.

  China ASCVD risk estimator        

Risk
estimators

Low-
risk

Moderate-
risk

High-
risk

Very high-
risk

Total, n
(%)

Kappa P
value

SCORE low risk chart         0.339 0.001

Low risk 24 3 5 0 32 (22.2)    

Moderate-risk 35 21 15 0 71 (55.9)    

High-risk 4 0 9 0 13 (10.2)    

Very high-risk 0 0 0 11 11 (8.7)    

SCORE high risk chart         0.300 0.001

Low risk 16 2 1 0 19 (15.0)    

Moderate-risk 38 17 13 0 68 (53.5)    

High-risk 9 5 15 0 29 (22.8)    

Very high-risk 0 0 0 11 11 (8.7)    

Total, n (%) 63
(49.6)

24 (18.9) 29
(22.8)

11 (8.7) 127
(100.0)
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Table 6
Agreement between China ASCVD risk estimator and SCORE risk charts based on non-fasting lipid

pro�les.

  China ASCVD risk estimator        

Risk
estimators

Low-risk Moderate-
risk

High-
risk

Very high-
risk

Total, n
(%)

Kappa P
value

SCORE low risk chart         0.364 0.001

Low risk 55 3 5 0 63 (24.8)    

Moderate-
risk

77 39 27 0 143 (56.3)    

High-risk 8 0 18 0 26 (10.2)    

Very high-risk 0 0 0 22 22 (8.7)    

SCORE high risk chart         0.286 0.001

Low risk 35 3 0 0 38 (15.0)    

Moderate-
risk

85 31 25 0 141 (55.5)    

High-risk 20 8 25 0 53 (20.9)    

Very high-risk 0 0 0 11 22 (8.7)    

Total, n (%) 140
(55.1)

42 (16.5) 50
(19.7)

22 (8.7) 254
(100.0)

   

 

4. Discussion
In this study, we using fasting and non-fasting lipid pro�les to assess 10-year risk of ASCVD in the same
Chinese general patients through both China ASCVD risk estimator and Europe SCORE risk charts
respectively. It is showed that China ASCVD risk estimator assessed half of the participants as low risk,
while the European risk charts assessed half of the participants as moderate risk in the same
participants. And the agreement between China ASCVD risk estimator and SCORE system was relatively
poorly. Interestingly, there was substantial agreement on China ASCVD risk estimator between fasting
and non-fasting lipid pro�les, which indicated that non-fasting lipid pro�les could also be considered to
evaluate 10-year CVD risk via China ASCVD risk estimator in clinical practice.

Non-fasting changes in lipid pro�les, especially LDL-C and TG, in Chinese participants in this study were
relatively different from those in other studies with large population in Denmark, which showed that
changes in lipid pro�les were insigni�cant after a daily meal [6, 31–33]. The maximal mean changes
between non-fasting versus fasting blood samples as measured in random are + 0.3 mmol/l for TG level
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and − 0.2 mmol/l for TC or LDL-C level [33]. However, TC and LDL-C levels decreased by 0.3 and
0.7 mmol/l, respectively, while TG level increased by 0.6 mmol/l at 4 h after a daily breakfast in this
study. The potential causes for non-fasting reduction in LDL-C and increment in TG were complicated and
controversial. We previously found that postprandial reduction in direct measured LDL-C level was more
prominent than that in calculated LDL-C level by Friedewald formula at both 2 h and 4 h after a daily
breakfast in Chinese subjects [34], and LDL-C level was detected by the direct method in the present
study. Additionally, some scholars believed that mildly reduction in LDL-C level after a daily meal was due
to �uid intake, but changes could be corrected by adjustment for albumin levels [6, 12]. Compared with
the western breakfast, the traditional Chinese breakfast could have a higher carbohydrate content and
�uid intake, such as porridge, noodles, vermicelli, soy milk and so on, but not breakfast rich in protein
and/or fat and solid food such as cheese, sausage, ham and bacon [35, 36]. Unfortunately, changes in
albumin levels were not included in this study. Moreover, the potential role of difference in commercial
lipid test kits and race between different studies could also be considered.

China ASCVD risk estimator is primarily based on the results of the China-PAR (i.e. Prediction for ASCVD
Risk in China) project which was the �rst study to develop and validate the 10-year ASCVD risk in four
large, contemporary Chinese populations, which fasting lipid pro�les but not non-fasting lipids were used
in that project [25]. The equations directly included age, BP, TC level, LDL-C level, HDL-C level current
smoking, and diabetes mellitus. It was demonstrated that the China-PAR project had excellent
performance in ASCVD risk prediction with good internal consistency and external validation compared
with western estimators [37, 38].

SCORE system, which estimates 10-year cumulative risk of �rst fatal atherosclerotic events, has been
recommended for risk strati�cation in European countries, and the corresponding risk estimator has been
produced as charts for low-and high-risk regions [27]. SCORE system is based on large, representative
European cohort datasets, and includes several risk factors, such as age, gender, smoking, systolic blood
pressure and total cholesterol level in risk charts. Agreement between fasting and non-fasting in risk
strati�cation is high in both low-and high-risk charts, and it is TC level that used in the SCORE system.

Of course, we noticed that agreement between SCORE low-and high-risk charts was high, whereas
relatively poorly with China ASCVD risk estimator as the former classi�ed half of the participants as
moderate risk, while China ASCVD risk estimator assessed half of the participants as low risk in the same
participants. That is to say that SCORE system could be not appropriate for Chinese individuals to
evaluate CVD risk. Substantial differences in prediction capability between China ASCVD risk estimator
and SCORE risk charts may be due to ethnic heterogeneities, distinctive risk characteristics of CVD, as
well as different treatment and control rates for risk factors (e.g. hyperlipidemia) [29, 39–42]. Since the
two established risk assessment systems above were based on per se research results or databases of
the respective populations, so it is more suitable for individuals to use speci�c and regional assessment
tools when conducting cardiovascular risk assessments.
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There were several limitations in this study. Firstly, the number of participants in this study was relatively
small. Secondly, this is a cross-sectional study, and thus it was impossible to verify the occurrence of
cardiovascular events. A prospective study with large sample size could be needed to further explore the
application of non-fasting blood lipids in CVD risk assessments.

5. Conclusions
Our study suggested that non-fasting lipids could also be applied in evaluation of 10-year CVD risk via
ASCVD risk estimator in Chinese, which make the application of non-fasting lipids in CVD more widely.
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Figure 1

Changes between fasting and non-fasting lipid levels after a daily breakfast. The changes in serum
concentrations of TC, TG, LDL-C, and HDL-C measured by direct method in laboratory (A, B, E, F). The
changes in serum concentrations of non-HDL-C and RC determined by calculated methods (C, D). *p <
0.05 and **p < 0.01 when non-fasting state (2 h, 4 h after breakfast) compared with fasting state. #p <
0.05 when compared between 2 h and 4 h non-fasting state after breakfast.

Figure 2
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Cardiovascular risk classi�cations based on fasting and non-fasting lipid pro�les using different risk
estimators. The percentages of risk categories according to China ASCVD risk estimator at 0 h, 2 h, 4 h
after breakfast (A). The percentages of risk categories based on SCORE low-and high-risk charts at 0 h, 2
h, 4 h after breakfast, respectively (B, C).


