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The level of triglyceride (TG) ≥ 2. 3 mmol/L is suggestive of marked hypertriglyceridemia (HTG) and requires treatment with a triglyceride-lowering agent in high-risk and very high-risk patients as recommended by the 2019 ESC/EAS guidelines for the management of dyslipidemia. However, the optimal cutoff value required to diagnose non-fasting HTG that corresponds to the fasting goal level of 2.3 mmol/L in Chinese subjects is unknown. This study enrolled 602 cardiology inpatients. Blood lipid levels, including calculated non-high-density lipoprotein cholesterol (non-HDL-C) and remnant cholesterol (RC), were measured at 0, 2, and 4 h after a daily Chinese breakfast. Of these, 482 inpatients had TG levels of <2.3 mmol/L (CON group) and 120 inpatients had TG levels of ≥2.3 mmol/L (HTG group). Receiver operating characteristic (ROC) curve analysis was used to determine the cutoff values for postprandial HTG that corresponded to a target fasting level of 2.3 mmol/L. Marked hypertriglyceridemia (≥2.3 mmol/L) was found in 120 (19.9%) patients in this study population. The levels of non-fasting TG and RC increased significantly in both groups and reached the peak at 4 h after a daily meal, especially in the HTG group (p < 0.05). The optimal cutoff value of TG at 4 h, which corresponds to fasting TG of ≥2.3 mmol/L, that can be used to predict HTG, was 2.66 mmol/L. According to the new non-fasting cutoff value, the incidence of non-fasting HTG is close to its fasting level. In summary, this is the first study to determine the non-fasting cutoff value that corresponds to a fasting TG of ≥2.3 mmol/L in Chinese patients. Additionally, 2.66 mmol/l at 4 h after a daily meal could be an appropriate cutoff value that can be used to detect non-fasting marked HTG in Chinese subjects.
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INTRODUCTION

The 2016 Chinese guideline on the management of dyslipidemia in adults recommends a fasting triglyceride (TG) level of <1.7 mmol/l as ideal, a TG of 1.7~2.3 mmol/L as a borderline increase, and ≥2.3 mmol/L as increased levels of TG, which can be diagnosed as hypertriglyceridemia (HTG) (1). Some scholars have used a higher cutoff value (TG ≥ 2.3 mmol/L) to represent marked HTG (2, 3). In fact, marked HTG (TG ≥ 2.3 mmol/l) is considered to be a more serious condition and is predictive of increased cardiovascular disease (CVD) events (4) even with low-density lipoprotein cholesterol (LDL-C) at goal (5). Therefore, there is a need to reduce non-high-density lipoprotein cholesterol (non-HDL-C) levels to reduce the residual cardiovascular risk in these patients.

Non-HDL-C includes not only LDL-C, but also other atherogenic cholesterol, such as triglyceride-rich lipoproteins (TRL) and their hydrolyzed products [e.g., remnant cholesterol (RC)] (6, 7). Plasma TG mainly exists on TRL, and elevated TG levels represent the increase in TRL and its RC in blood. Remnant cholesterol concentration is highly correlated with the level of triglycerides (8). Therefore, reducing non-HDL-C levels is mainly achieved by reducing TG levels. TG and RC are good predictors of atherosclerotic cardiovascular disease (ASCVD) and are independent risk factors of coronary heart disease (CHD) and myocardial infarction (MI) (9–11). Moreover, TG-lowering agents such as fenofibrate or bezafibrate has been found to be safe and clinically beneficial in statin-treated patients (2, 12, 13).

There is no need of fasting in determining blood lipids (14), and non-fasting blood lipids levels can be routinely assessed at any time of the day after a daily meal (15, 16). However, plasma TG levels are very easily affected by dietary factors and reached a peak at 4 h not only in overweigh patients after a daily meal (17) but also in patients with CHD and hypertension after a high-fat meal (18, 19). This suggests that non-fasting serum TG concentration at 4 h could be used to measure postprandial hypertriglyceridemia. Many large epidemiologic studies have identified non-fasting TG as a more robust marker for arteriosclerotic cardiovascular disease (ASCVD) compared with fasting TG (20, 21). Furthermore, the American Association of Clinical Endocrinologists (AACE), the National Lipid Association (NLA), and the 2019 ESC/EAS guidelines for the management of dyslipidemias all recommended treatment for marked high triglyceride levels (TG > 2.3 mmol/L) with a triglyceride-lowering agent in high-risk and very-high-risk patients (22–24). However, there is no report on the determination of the optimal cutoff value after a daily meal in the diagnosis of HTG that corresponds to the target fasting level of 2.3 mmol/L in Chinese subjects. Therefore, in this study, we aimed to explore the metabolic characteristics of blood lipids in patients with high TG of ≥2.3 and those in control group after a daily breakfast and to determine the non-fasting cutoff value that corresponds to the target fasting TG level of 2.3 mmol/L in Chinese subjects.



MATERIALS AND METHODS


Study Subjects

From March 2017 to July 2020, 602 inpatients were recruited from the Department of Cardiovascular Medicine of the Second Xiangya Hospital, Central South University. Overall, 482 inpatients had TG levels of <2.3 mmol/L (CON group), and 120 inpatients had TG ≥ 2.3 mmol/L before admission (HTG group). Before enrollment, medical history and the use of lipid-lowering drugs were collected. Patients with fasting serum TG concentration of <5.6 mmol/L, LDL-C of <4.1 mmol/L, and TC of <6.2 mmol/L were included in this study. Patients with endocrine disease, digestive disease, autoimmune disease, hepatic and renal diseases, cancer or other serious diseases, or NYHA heart function class III–IV were excluded. This study was approved by the Ethics Committee of the Second Xiangya Hospital of Central South University. All patients signed an informed consent.



Specimen Collection

All enrolled patients were Chinese Han nationality, and they were fasted for 10 h and ate breakfast in the morning in accordance with the own dietary habits of the subjects. Their meals had high-carbohydrate content, such as rice, noodles, bread, etc. The participants were not allowed to eat any food and exercise too much within 4 h after breakfast, and they can drink a little water.



Laboratory Assays

The measurement method of blood lipid has been described in detail in previously published literature (17, 25). In short, venous blood sample was drawn in fasting and non-fasting after breakfast and were sent for analysis in a central laboratory for TG, TC, LDL-C, and HDL-C levels. Non-HDL-C and RC levels were estimated using the following formula: non-HDL-C = TC – (HDL-C); RC = TC – (HDL-C) – (LDL-C) (26).



Estimated Sample Size

The calculation formula of sample size about estimated value was as follows: n1 = n2 = 2 × [(tα + tβ)s/δ]2 (n1 and n2 are the required contents of the two samples respectively; tα and tβ are the t values corresponding to inspection level α and type II error probability β, respectively, and s is the estimated value of the overall standard deviation; δ is the difference between the two means). Using two-sample t-test, the test efficiency is 90% at the test level of 5% on both sides. The required estimated value of sample size is calculated based on the pre-experimental data of 2 and 4 h after a meal, and the larger value is taken as the sample size required for this study. According to the difference between TG groups at 2 and 4 h after a meal, the calculated sample size is 14 and 35, respectively. Taking the maximum value of each group, about 35 people are needed in each group, and a total of 70 people need to be included in this study. This study included 602 people, 120 in the HTG group and 482 in control group; so the sample size is appropriate.



Statistical Analysis

Data analysis was performed using the SPSS version 22.0 and Prism 6.0. One-way analysis of variance (ANOVA) for repeated measures within a group or ANOVA for completely randomized measures between groups was used to assess any differences between the means of the variables, as appropriate. Values of numerical characteristics were presented as mean ± standard deviation and were analyzed using the t-test, if normally distributed in the two groups. Categorical variables were expressed as percentages and were analyzed by the chi-square test in the two groups. The area under the curve (AUC) and the increment of AUC (iAUC) for measurements of TG and RC concentrations at baseline and after breakfast were estimated using the trapezoidal method (27). Pearson's correlation coefficient calculations were performed to analyze the correlation coefficient (R). Furthermore, the optimal cutoff value for non-fasting TG at 4 h was determined by evaluating the area under the receiver operating characteristic (ROC) curve. All p-values were two tailed, and p < 0.05 was considered statistically significant.




RESULTS


Clinical Characteristics

There were 602 inpatients in our study population, and marked hypertriglyceridemia (≥2.3 mmol/L) was observed in about 19.9% of the participants. The baseline characteristics in the CON group (n = 482) and HTG group (n = 120) in terms of age, sex, diabetes mellitus, percentage of smoking, and taking statins were well balanced (Table 1). Body mass index in the HTG group was higher than that in the CON group (p < 0.05). The proportion of overweight and obese individuals, CHD patients, and the use of acipimox capsules in the HTG group were higher than those in the CON group (p < 0.05) (Table 1). Additionally, BMI was positively correlated with serum TG levels both in fasting and non-fasting state (p < 0.0001) (Supplementary Figure 1).


Table 1. Baseline characteristics of the study population.
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The Changes in Non-Fasting Blood Lipids

The fasting TC, LDL-C, non-HDL-C, TG, and RC levels were significantly higher, and HDL-C levels were lower in the HTG group vs. CON group (Figure 1; Table 1).
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FIGURE 1. Postprandial changes in blood lipids after a daily meal in two groups. (A,B,D,E) The changes in serum concentrations of total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and triglyceride (TG). (C,F) The changes in serum concentrations of non-HDL-C and remnant cholesterol (RC) determined by calculated methods. (G) Comparison of total area under the curve (AUC) for TG and RC between two groups. (H) Comparison of increase in AUC (iAUC) for TG and RC between two groups. Hypertriglyceridemia (HTG) group: fasting TG ≥ 2.3 mmol/L. CON group: fasting TG < 2.3 mmol/L. Values are mean ± standard error (SE). One-way analysis of variance (ANOVA) for repeated measures within a group or ANOVA for completely randomized measures between groups was used to assess any differences between the means of the variables, as appropriate. #p < 0.05 when compared with the fasting level in the same group. *p < 0.05 when compared with the patients in the CON group.


After a daily breakfast, the serum concentrations of TC, LDL-C, and non-HDL-C significantly reduced, while those of TG and RC significantly increased (p < 0.05). The non-fasting HDL-C levels were significantly decreased at 2 or 4 h vs. fasting value in the CON group (p < 0.05), while that in HTG group has no significant differences (Figure 1D). Moreover, the levels of TG and RC peaked in 4 h after a daily breakfast. In the postprandial state, the TC, non-HDL-C, TG, and RC levels at each time point in the HTG group were higher than those in the CON group; however, the concentration of HDL-C was lower in the HTG group than that in the CON group (p < 0.05) (Figure 1).

The AUC of TG or RC in the HTG group was significantly higher than that in the CON group (p < 0.05). However, only the iAUC of RC in the HTG group was significantly higher than that in the CON group, except for the TG levels (p < 0.05, Figures 1G,H).



The Correlation Between Areas Under the Curve for Triglyceride and Remnant Cholesterol With Blood Lipid Concentration

Correlation analysis of the total population (n = 602) revealed that AUC for TG or RC correlated significantly with fasting and postprandial TG or RC, respectively (p < 0.0001). However, iAUC for TG or RC only correlated with postprandial TG or RC (p < 0.0001), respectively. The highest correlation coefficient (r) was found between AUC for TG or RC with postprandial TG or RC (TG 2 h, r = 0.9792; p < 0.0001; TG 4 h, r = 0.9468; p < 0.0001; RC 2 h, r = 0.9528; p < 0.0001; RC 4 h, r = 0.8873; p < 0.0001) (Figure 2).


[image: Figure 2]
FIGURE 2. Correlation analysis of AUCs for TG and RC with blood lipid concentration in the fasting and non-fasting state. (A–C) The correlation between AUC for TG and serum concentrations of TG in the fasting state (A), at 2 h (B) and 4 h (C). (D,E) The correlation between iAUC for TG and serum concentrations of TG at 2 h (D) and 4 h (E). (F–H) The correlation between AUC for RC and serum concentrations of RC in the fasting state (F) and at 2 h (G) and 4 h (H). (I,J) The correlation between iAUC for RC and serum concentrations of RC at 2 h (I) and 4 h (J).




Evaluation the Percentage of Hypertriglyceridemia

We initially evaluated the postprandial TG level based on the fasting cutoff value (TG ≥ 2.3mmol/L) in this study. The incidence of non-fasting HTG at 2 or 4 h was significantly higher than that of fasting value (p < 0.05) (Figure 3A). The fasting TG level in the CON group was within normal limits, but when postprandial TG increased, some patients were diagnosed as HTG. However, the proportion of patients with fasting levels of TG ≥ 2.3 mmol/L in the HTG group was 100%, but the level of non-fasting TG in some patients decreased. The percentages of postprandial TG ≥ 2.3 mmol/L at 2 and 4 h in the CON group were 17.6 and 26.6%, respectively, and were 85.0 and 87.5%, respectively, in the HTG group (Figure 3B).


[image: Figure 3]
FIGURE 3. Comparison of the percentage of HTG at different time-points and between different groups. (A) Changes in percent of TG ≥ 2.3 mmol/L and <2.3 mmol/L in the fasting state, at 2 and 4 h after a daily meal (n = 602). (B) Difference in percent of TG ≥ 2.3 mmol/L between patients with fasting TG ≥ 2.3 mmol/L (n = 120) and <2.3 mmol/L (n = 482) at three different time-points. (C) Receiver operating characteristic (ROC) analysis and Youden's index determined a cutoff point for postprandial TG level at 4 h (pTG 4 h) after a daily meal; the cutoff point was indicated by a solid arrow. (D) Comparisons of fasting and postprandial percentages of HTG at different time points according to the new cutoff point. #p < 0.05 when compared with the fasting level in the same group. *p < 0.05 when compared with the fasting level.


According to the ROC curve analysis, the optimal pointcut value for TG at 4 h to predict HTG was 2.66 mmol/L (sensitivity 78.33%, specificity 84.44%, and AUC 0.8885), and this corresponds to fasting TG ≥ 2.3 mmol/L (Figure 3C). According to the new non-fasting cutoff value, the incidence of postprandial HTG at 2 or 4 h obviously decreased in the study population, 21.1 and 28.1%, respectively, and this was close to the fasting level (19.9%) (Figure 3D).




DISCUSSION

Globally, hypertriglyceridemia is the most frequent form of dyslipidemia among the general population. Marked hypertriglyceridemia (≥2.3 mmol/L) occurs in about 25% of the patients with metabolic syndrome (2), and this is slightly higher than what was in our study (19.9%). In this study, patients with HTG developed significant non-fasting hyperlipidemia that was characterized by elevated TG levels after a daily meal, especially at 4 h. Furthermore, we observed that patients with higher fasting TG levels (≥2.3 mmol/L) had exaggerated postprandial responses and had higher AUC of TG or RC than those with lower TG concentration (<2.3 mmol/L). More importantly, the non-fasting cutoff value for HTG, 2.66 mmol/L, was first determined using ROC analysis in Chinese patients after a daily meal, and this corresponded to the target levels of TG ≥ 2.3 mmol/L. This study provides a reference value for the diagnosis of postprandial marked HTG in Chinese patients.

Recent studies have shown that an elevated fasting TG level after an oral fat tolerance test is the main factor of an excessive postprandial response in patients with metabolic syndrome (28–30). Now it has been proposed that oral-fat tolerance test (OFTT) is useful to identify postprandial hyperlipidemia in subjects with fasting TG between 1 and 2 mmol/L (89 and 180 mg/dl) because approximately half of them have hidden postprandial hyperlipidemia, which may influence treatment. An OFTT does not provide additional information regarding postprandial hyperlipidemia in subjects with low TG (<1 mmol/L, <89 mg/dl) or increased TG (>2 mmol/L, >180 mg/dl) as fasting TG levels (31, 32). In this present study, 305 patients (about 50%) had TGs of 1–2 mmol/L, and we paid more attention to the non-fasting TG after a daily meal because there was no unified high-fat meal scheme in the world. In recent years, due to the promotion of health education, people are not able to accept a high-fat diet. A considerable number of patients with cardiovascular diseases will actively avoid eating this high-fat diet because of the disease state. Therefore, the patients in our study were not required to eat the specific diet but to eat in accordance with their dietary habits. It was fasting TG, but not free fatty acids or glucose, that showed the most significant correlation with AUC of TG according to linear regression analysis; however, the correlation between non-fasting TG and AUC of TG was not explored (29). Our study showed that the AUC of TG or RC in HTG group was significantly higher than that in the CON group. Furthermore, we also confirmed that AUC for TG or RC correlated significantly with fasting and postprandial TG or RC concentrations, respectively, while iAUC for TG or RC only correlated with postprandial TG or RC, respectively (p < 0.0001). Therefore, AUC seems to be a better indicator that reflects the continuous stimulation and even damage caused by TRLs and their remnant cholesterol in the arterial wall during fasting and non-fasting state, while iAUC only represents the postprandial increment of TG or RC after a daily meal. The postprandial state plays a significant role in the development of atherosclerosis (6, 33). Elevated non-fasting triglyceride levels and calculated RC were associated with an increased risk of MI. In the Copenhagen City Heart Study, doubling of non-fasting triglycerides and calculated RC were related to a 1.9- and 2.2-fold remnant risk of myocardial infarction, respectively (11).

According to the 2016 European expert consensus, non-fasting TG concentration should not be >2.0 mmol/L (175 mg/dl) (14); however, according to a scientific statement by the American Heart Association (AHA), it should not exceed 2.26 mmol/L (200 mg/dl) after a daily meal, with a corresponding target fasting goal level of 1.7 mmol/L (34). The new AHA guideline (35) shows that over 175 mg/dl (≥1.97 mmol/L) of TG (fasting or non-fasting) is a risk-enhancing factor in adults 40–75 years of age without diabetes mellitus and 10-year ASCVD risk of 7.5–19.9% (intermediate risk), and this risk-enhancing factor favors the initiation of statin therapy. Our previous study showed that the cutoff value for non-fasting TG level was 2.02 mmol/L after a daily meal for overweight Chinese subjects (17), and this is very close to the 2016 European expert consensus. In a Mexican study, the pointcut value of non-fasting high TG was 3.16 mmol/L after a high-fat meal with 960 kcal in Mexican adults (36), which was very close to our reported cutoff value of high TG (3.12 mmol/L) after a high-fat meal with 800 kcal in our previous study in a Chinese population (37). The similar fat contents (50 vs. 52 g) in both high-fat meals may led to the similarities of two cutoff values for postprandial high TG in these two studies (36, 37). However, the postprandial pointcut value of marked hypertriglyceridemia, which corresponds to a fasting goal level of 2.3 mmol/L, in Chinese subjects after a daily meal or after a high fat meal, was not recommended.

Marked hypertriglyceridemia (≥2.3 mmol/L) was considered to be a more serious condition and was associated with increased CVD events (4), which was supported by the following findings, including the ACCORD Follow-On Study (ACCORDION) (12), Bezafibrate Infarction Prevention Trial (BIP) (13), the FIELD study (2), and the Helsinki Heart Study (HHS) (3). During an average follow-up of 9.7 years in the ACCORDION study, fenofibrate combined with statin therapy was effective to reduce CVD in diabetics with TG levels higher than 204 mg/dl (2.3 mmol/L) and HDL-C lower than 34 mg/dl (0.88 mmol/L). However, fenofibrate failed to show similar benefits in patients with type 2 diabetes without hypertriglyceridemia (12). In the BIP study, the researchers found that bezafibrate may have a significant effect on the treatment of dyslipidemia and CHD in the hypertriglyceridemia subgroup (≥200 mg/dl), and the reduction rate of the primary endpoint was 39.5% (p = 0.02), while the primary endpoint decreased by only 7.3% in the total study population (p = 0.24) (13). Subjects with markedly elevated triglyceride (≥2.3 mmol/l) had the greatest cardiovascular benefits after fenofibrate treatment, with a 27% reduction in CVD risk in the FIELD study (2). In addition, the incidence of CHD in particularly high-risk subgroups (LDL-C/HDL-C ratio >5 and serum TG > 2.3 mmol/L) can be reduced by approximately 75% in the HHS during gemfibrozil treatment (3). Therefore, it is necessary to combine therapy with drugs to reduce TG in patients with TG ≥2.3 mmol/L and reduce the cardiovascular risk caused by the increase in non-HDL-C as much as possible. According to the 2019 ESC/EAS guidelines for the management of dyslipidemia, triglyceride-lowering agents are recommended to reduce CVD risk in high-risk patients who are at LDL-C goal with TG > 2.3 mmol/L (>200 mg/dl) (24).

People with different diseases will have different reactions after eating a high-fat meal. Our previous studies found that patients with CHD and hypertension had a more obvious increase in TG after a standard high-fat meal, while the control group had only a slight transient increase in TG (19). After a high-fat meal or a daily meal, the TG level gradually increased within 8 h and peaked at 4 h (19, 27, 37). The AUC for TG within 8 h after a meal was used to compare the postprandial fat tolerance of each patient, especially after a high-fat meal, whose postprandial peak concentration contributed the most to AUC for TG. Similarly, Gudmundsson et al. (38) directly detected the serum TG level at 4 h after a meal to reflect the metabolism of postprandial TG. In the total study population, TG peaked in 32.1% of the patients at 2 h and 67.9% of the patients at 4 h after a meal. Among the HTG group (TG ≥ 2.3mmol/L), 25% of the patients reached the peak at 2 h, and 75% of the patients reached the peak at 4 h after a meal. It can be seen from the above that the TG of most patients reaches the peak at 4 h after a meal. Since we are in the postprandial state most of the day, the increase in postprandial TG will be more important than fasting TG (14). If TG was only detected at 2 h, it was possible to miss patients with more obvious increase in TG at 4 h after a meal. Therefore, we chose 4 h after a meal for evaluation in this study.

Since there was no recommendation about the cutoff value of non-fasting-marked HTG, postprandial levels of TG in our present study were preliminarily evaluated based on the fasting cutoff value (TG ≥ 2.3 mmol/L). The percentages of postprandial HTG at each time point after a meal was higher than its fasting value in both the HTG group and CON group (p < 0.05), which may be due to the increase in TG caused by daily meals and the inappropriate use of fasting cutoff point of TG. This suggests that the target TG levels of ≥2.3 mmol/L was indeed not suitable for the determination of postprandial HTG in Chinese patients. Therefore, in this study, we preliminarily evaluated the cutoff value of postprandial TG that corresponded to its fasting level after a daily meal. ROC curve analysis was used to determine the optimal cutoff value for postprandial high TG not only in the Women's Health Study (39) but also in overweight Chinese people, after a habitual meal (17). In this study, the cutoff value of non-fasting-marked HTG was 2.66 mmol/L after a daily meal in Chinese patients. When the new cutoff value was used as the evaluation index, the percentage of postprandial HTG in this population was quite close to its fasting values. This suggests that a higher non-fasting TG cutoff point should be used in the evaluation of postprandial marked HTG, and this can fully consider the physiological increase in TG after a daily meal. Therefore, we considered a postprandial TG of 2.66 mmol/L to be as a better cutoff value in Chinese subjects. In the future, we hope to have the opportunity to observe the value of this cutoff point for the diagnosis of postprandial high TG.

There are some limitations in the present study. First, the sample size of this study was small and included patients with complicated cardiovascular diseases. Second, we did not know the exact nutritional consumption of the patients (e.g., proportion of fat and carbohydrate in the meal). However, standardization may lead to an underestimation of the real effect. Third, we did not repeat tests on the blood samples of the same patient, and a single concentration measurement may lead to a regression dilution bias considering the variability of triglyceride concentration. Finally, the blood lipids (especially TG) of hospitalized patients may be affected by the stress of basic diseases or/and lipid-lowering drugs, so it is difficult to say that the cutoff level of non-fasting TG found in the present study can be directly used to evaluate the non-fasting TG status of outpatients who do not receive lipid-lowering drugs. Therefore, it is necessary to carry out similar research on outpatients who do not receive lipid-lowering drugs, which is what we plan to do next.



CONCLUSIONS

In summary, this is the first study to determine the non-fasting cutoff value for fasting TG (2.3 mmol/L) in Chinese patients. It is considered that the concentration of TG at 4 h after a meal (2.66 mmol/L) could be as a suitable cutoff value for detecting postprandial-marked HTG in Chinese patients.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committee of the Second Xiangya Hospital of Central South University. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

LL designed this study. L-LG conducted the study and wrote the paper. L-YZ and JX participated in the collection and analysis of the data. Y-YX, Q-YX, and Y-RT participated in the interpretation of the data. Z-YJ was responsible for collecting blood samples. All authors read the study and approved the manuscript for publication.



FUNDING

The study was supported by the National Natural Science Foundation of China (Grant Numbers 81270956 and 81470577).



ACKNOWLEDGMENTS

We are grateful to all the patients for their participation in this study.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2021.736059/full#supplementary-material

Supplementary Figure 1. The correlation between concentrations of TG and BMI in the fasting and non-fasting state. (A) The correlation between serum concentrations of TG and BMI in the fasting state. (B,C) The correlation between serum concentrations of TG and BMI at 2 h (B) and 4 h (C) after a daily breakfast. Solid circles represent OW group, and open circles represent CON group.



REFERENCES

 1. Joint committee for guideline revision. 2016 Chinese guidelines for the management of dyslipidemia in adults. J Geriatr Cardiol. (2018) 15:1–29. doi: 10.11909/j.issn.1671-5411.2018.01.011

 2. Scott R, O'Brien R, Fulcher G, Pardy C, D'Emden M, Tse D, et al. Effects of fenofibrate treatment on cardiovascular disease risk in 9,795 individuals with type 2 diabetes and various components of the metabolic syndrome: the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) study. Diabetes Care. (2009) 32:493–8. doi: 10.2337/dc08-1543

 3. Manninen V, Tenkanen L, Koskinen P, Huttunen JK, Mänttäri M, Heinonen OP, et al. Joint effects of serum triglyceride and LDL cholesterol and HDL cholesterol concentrations on coronary heart disease risk in the Helsinki heart study. Implications for treatment. Circulation. (1992) 85:37–45. doi: 10.1161/01.CIR.85.1.37

 4. Sarwar N, Danesh J, Eiriksdottir G, Sigurdsson G, Wareham N, Bingham S, et al. Triglycerides and the risk of coronary heart disease: 10,158 incident cases among 262,525 participants in 29 Western prospective studies. Circulation. (2007) 115:450–8. doi: 10.1161/CIRCULATIONAHA.106.637793

 5. Fujihara Y, Nakamura T, Horikoshi T, Obata JE, Fujioka D, Watanabe Y, et al. Remnant lipoproteins are residual risk factor for future cardiovascular events in patients with stable coronary artery disease and on-statin low-density lipoprotein cholesterol levels <70 mg/dL. Circ J. (2019) 83:1302–8. doi: 10.1253/circj.CJ-19-0047

 6. Zilversmit DB. Atherogenesis: a postprandial phenomenon. Circulation. (1979) 60:473–85. doi: 10.1161/01.CIR.60.3.473

 7. Pirillo A, Norata GD, Catapano AL. Postprandial lipemia as a cardiometabolic risk factor. Curr Med Res Opin. (2014) 30:1489–503. doi: 10.1185/03007995.2014.909394

 8. Faridi KF, Quispe R, Martin SS, Hendrani AD, Joshi PH, Brinton EA, et al. Comparing different assessments of remnant lipoprotein cholesterol: the very large database of lipids. J Clin Lipidol. (2019) 13:634–44. doi: 10.1016/j.jacl.2019.06.001

 9. Varbo A, Freiberg JJ, Nordestgaard BG. Extreme nonfasting remnant cholesterol vs. extreme LDL cholesterol as contributors to cardiovascular disease and all-cause mortality in 90000 individuals from the general population. Clin Chem. (2015) 61:533–43. doi: 10.1373/clinchem.2014.234146

 10. Varbo A, Freiberg JJ, Nordestgaard BG. Remnant cholesterol and myocardial infarction in normal weight, overweight, and obese individuals from the Copenhagen general population study. Clin Chem. (2018) 64:219–30. doi: 10.1373/clinchem.2017.279463

 11. Jorgensen AB, Frikke-Schmidt R, West AS, Grande P, Nordestgaard BG, Tybjaerg-Hansen A. Genetically elevated non-fasting triglycerides and calculated remnant cholesterol as causal risk factors for myocardial infarction. Eur Heart J. (2013) 34:1826–33. doi: 10.1093/eurheartj/ehs431

 12. Elam MB, Ginsberg HN, Lovato LC, Corson M, Largay J, Leiter LA, et al. Association of fenofibrate therapy with long-term cardiovascular risk in statin-treated patients with type 2 diabetes. JAMA Cardiol. (2017) 2:370–80. doi: 10.1001/jamacardio.2016.4828

 13. Bezafibrate Infarction Prevention (BIP) Study. Secondary prevention by raising HDL cholesterol and reducing triglycerides in patients with coronary artery disease. Circulation. (2000) 102:21–7. doi: 10.1161/01.CIR.102.1.21

 14. Nordestgaard BG, Langsted A, Mora S, Kolovou G, Baum H, Bruckert E, et al. Fasting is not routinely required for determination of a lipid profile: clinical and laboratory implications including flagging at desirable concentration cut-points-a joint consensus statement from the European atherosclerosis society and European Federation of clinical chemistry and laboratory medicine. Eur Heart J. (2016) 37:1944–58. doi: 10.1093/eurheartj/ehw152

 15. Kolovou GD, Mikhailidis DP, Kovar J, Lairon D, Nordestgaard BG, Ooi TC, et al. Assessment and clinical relevance of non-fasting and postprandial triglycerides: an expert panel statement. Curr Vasc Pharmacol. (2011) 9:258–70. doi: 10.2174/157016111795495549

 16. Liu MM, Peng J, Cao YX, et al. The difference between fasting and nonfasting lipid measurements is not related to statin treatment. Ann Transl Med. (2021) 9(5):386. doi: 10.21037/atm-20-3962

 17. Tian F, Xiang QY, Zhang MY, Chen YQ, Lin QZ, Wen T, et al. Changes in non-fasting concentrations of blood lipids after a daily Chinese breakfast in overweight subjects without fasting hypertriglyceridemia. Clin Chim Acta. (2019) 490:147–53. doi: 10.1016/j.cca.2019.01.004

 18. Zhao SP, Liu L, Gao M, Zhou QC, Li YL, Xia B. Impairment of endothelial function after a high-fat meal in patients with coronary artery disease. Coron Artery Dis. (2001) 12:561–5. doi: 10.1097/00019501-200111000-00006

 19. Liu L, Zhao SP, Zhou HN, Li QZ, Li JX. Effect of fluvastatin and valsartan, alone and in combination, on postprandial vascular inflammation and fibrinolytic activity in patients with essential hypertension. J Cardiovasc Pharmacol. (2007) 50(1):50–5. doi: 10.1097/FJC.0b013e31805751d3

 20. Bansal S, Buring JE, Rifai N, Mora S, Sacks FM, Ridker PM. Fasting compared with nonfasting triglycerides and risk of cardiovascular events in women. JAMA. (2007) 298:309–16. doi: 10.1001/jama.298.3.309

 21. Nordestgaard BG, Benn M, Schnohr P, Tybjaerg-Hansen A. Nonfasting triglycerides and risk of myocardial infarction, ischemic heart disease, and death in men and women. JAMA. (2007) 298:299–308. doi: 10.1001/jama.298.3.299

 22. Handelsman Y, Bloomgarden ZT, Grunberger G, Umpierrez G, Zimmerman RS, Bailey TS, et al. American association of clinical endocrinologists and American College of Endocrinology—clinical practice guidelines for developing a diabetes mellitus comprehensive care plan. Endocr Pract. (2015) 21(Suppl. 1):1–87. doi: 10.4158/EP15672.GLSUPPL

 23. Jacobson TA, Ito MK, Maki KC, Orringer CE, Bays HE, Jones PH, et al. National lipid association recommendations for patient-centered management of dyslipidemia: part 1—executive summary. J Clin Lipidol. (2014) 8:473–88. doi: 10.1016/j.jacl.2014.07.007

 24. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, et al. 2019 ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to reduce cardiovascular risk. Eur Heart J. (2019) 41:111–88. doi: 10.15829/1560-4071-2020-3826

 25. Zhao Y, Peng R, Zhao W, Liu Q, Guo Y, Zhao S, et al. Zhibitai and low-dose atorvastatin reduce blood lipids and inflammation in patients with coronary artery disease. Medicine. (2017) 96:e6104. doi: 10.1097/MD.0000000000006104

 26. Varbo A, Benn M, Tybjaerg-Hansen A, Jorgensen AB, Frikke-Schmidt R, Nordestgaard BG. Remnant cholesterol as a causal risk factor for ischemic heart disease. J Am Coll Cardiol. (2013) 61:427–36. doi: 10.1016/j.jacc.2012.08.1026

 27. Zhao SP, Liu L, Cheng YC, Shishehbor MH, Liu MH, Peng DQ, et al. Xuezhikang, an extract of cholestin, protects endothelial function through antiinflammatory and lipid-lowering mechanisms in patients with coronary heart disease. Circulation. (2004) 24:915–20. doi: 10.1161/01.CIR.0000139985.81163.CE

 28. Kolovou GD, Anagnostopoulou KK, Pavlidis AN, Salpea KD, Iraklianou SA, Tsarpalis K, et al. Postprandial lipemia in men with metabolic syndrome, hypertensives and healthy subjects. Lipids Health Dis. (2005) 4:21. doi: 10.1186/1476-511X-4-21

 29. Ntyintyane LM, Panz VR, Raal FJ, Gill GV. Postprandial lipaemia, metabolic syndrome and LDL particle size in Urbanised South African blacks with and without coronary artery disease. QJM. (2008) 101:111–9. doi: 10.1093/qjmed/hcm137

 30. Kolovou GD, Anagnostopoulou KK, Pavlidis AN, Salpea KD, Hoursalas IS, Manolis A, et al. Postprandial lipaemia in menopausal women with metabolic syndrome. Maturitas. (2006) 55:19–26. doi: 10.1016/j.maturitas.2006.01.002

 31. Mihas C, Kolovou GD, Mikhailidis DP, Kovar J, Lairon D, Nordestgaard BG, et al. Diagnostic value of postprandial triglyceride testing in healthy subjects: a meta-analysis. Curr Vasc Pharmacol. (2011) 9:271–80. doi: 10.2174/157016111795495530

 32. Perez-Martinez P, Alcala-Diaz JF, Kabagambe EK, Garcia-Rios A, Tsai MY, Delgado-Lista J, et al. Assessment of postprandial triglycerides in clinical practice: validation in a general population and coronary heart disease patients. J Clin Lipidol. (2016) 10:1163–71. doi: 10.1016/j.jacl.2016.05.009

 33. Kakuda H, Kobayashi J, Kakuda M, Yamakawa J, Takekoshi N. The effect of anagliptin treatment on glucose metabolism and lipid metabolism, and oxidative stress in fasting and postprandial states using a test meal in Japanese men with type 2 diabetes. Endocrine. (2015) 48:1005–9. doi: 10.1007/s12020-014-0376-x

 34. Miller M, Stone NJ, Ballantyne C, Bittner V, Criqui MH, Ginsberg HN, et al. Triglycerides and cardiovascular disease: a scientific statement from the American Heart Association. Circulation. (2011) 123:2292–333. doi: 10.1161/CIR.0b013e3182160726

 35. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline on the management of blood cholesterol: a report of the American College of Cardiology/American Heart Association task force on clinical practice guidelines. Circulation. (2019) 139:e1082–143. doi: 10.1161/CIR.0000000000000700

 36. Sevilla-Gonzalez MDR, Aguilar-Salinas CA, Munoz-Hernandez L, Almeda-Valdes P, Mehta R, Zubiran R, et al. Identification of a threshold to discriminate fasting hypertriglyceridemia with postprandial values. Lipids Health Dis. (2018) 17:156. doi: 10.1186/s12944-018-0803-8

 37. Xu J, Chen YQ, Zhao SP, Liu L. Determination of optimal cut-off points after a high-fat meal corresponding to fasting elevations of triglyceride and remnant cholesterol in Chinese subjects. Lipids Health Dis. (2019) 18:206. doi: 10.1186/s12944-019-1146-9

 38. Gudmundsson GS, Sinkey CA, Chenard CA, Stumbo PJ, Haynes WG. Resistance vessel endothelial function in healthy humans during transient postprandial hypertriglyceridemia. Am J Cardiol. (2000) 85:381–5. doi: 10.1016/S0002-9149(99)00751-1

 39. White KT, Moorthy MV, Akinkuolie AO, Demler O, Ridker PM, Cook NR, et al. Identifying an optimal cutpoint for the diagnosis of hypertriglyceridemia in the nonfasting state. Clin Chem. (2015) 61:1156–63. doi: 10.1373/clinchem.2015.241752

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Guo, Zhu, Xu, Xie, Xiang, Jiang, Tan and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fcvm-08-736059-g003.gif





OPS/images/fcvm-08-736059-t001.jpg
CON

(n=482)
Age (year, SD) 563+ 12.1
Men, n (%) 282 (58.5)
BMI, kg/m? 24235
OW and OB, n (%) 242 (50.2)
Current smoking, n (%) 188 (39.0)
DM, n (%) 89(18.5)
CHD, n (%) 253 (52.5)
Taking statins, n (%) 198 (41.1)
Taking statins =3, n (%) 97 (20.1)
Ezetimibe, n (%) 62 (12.9)
Acipimox capsules, n (%) 0
TC, mmolL 393+079
LDL-C, mmol/L 240+ 069
Non-HDL-C, mmol/L 284+072
HDL-C, mmol/L 1.10£025
TG, mmol/L 1.32 +£0.46
RC, mmol/L 0.44 +0.14

HTG
(n=120)

549+ 10.8
80(66.6)
26232
94 (78.3)
53(44.2)
28(23.9)
77(64.2)
57 (47.9)"
22(18.3)
21(17.5)
4@3)
420+0.79"
268067
331071
089 0.16"
3.05 £ 0.63"
0.62 4+ 0.17*

HIG group: fasting TG =2.3 mmol/L; CON group: festing TG <2.3 mmoV/L. BMI,
body mass index; OW and OB, overweigh (BMI 24-27.9) and obesity (BMI > 28);
CHD, coronary heart disease; TC, total cholesterol; HDL-C, high-density fpoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; non-HDL-C, non-high-density
lipoprotein cholesterol; TG, trglyceride; RC, remnant lipoprotein cholesterol. *p < 0.05

when compared with the patients in the CON group.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Determination of the Optimal Cutoff Value of Triglyceride That Corresponds to Fasting Levels in Chinese Subjects With Marked Hypertriglyceridemia



		Introduction



		Materials and Methods



		Study Subjects



		Specimen Collection



		Laboratory Assays



		Estimated Sample Size



		Statistical Analysis







		Results



		Clinical Characteristics



		The Changes in Non-Fasting Blood Lipids



		The Correlation Between Areas Under the Curve for Triglyceride and Remnant Cholesterol With Blood Lipid Concentration



		Evaluation the Percentage of Hypertriglyceridemia







		Discussion



		Conclusions



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Cardiovascular Medicine

Determination of the Optimal Cutoff
Value of Triglyceride That
Corresponds to Fasting Levels in
Chinese Subjects With Marked
Hypertriglyceridemia





OPS/images/fcvm-08-736059-g001.gif
2 covome
-G





OPS/images/fcvm-08-736059-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Cardiovascular Medicine





