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Background: Several studies have reported that the combination of high TG and low HDL-C, as simplified by the TG/HDL-C ratio, was a predictor of cardiovascular disease independent of LDL-C level. Nevertheless, poor data are available on the predictive role of TG/HDL-C ratio in very high risk (VHR) patients with chronic coronary syndromes (CCS).

Methods: Using the data from the STable Coronary Artery Diseases RegisTry (START) study, an Italian nationwide registry, we assessed the association between the TG/HDL-C ratio and baseline clinical characteristics, pharmacological treatment, and major adverse cardio-cerebrovascular events (MACCE) at 1 year in a large cohort of CCS patients at VHR.

Results: VHR patients with both TG and HDL-C levels available were grouped in tertiles of TG/HDL-C ratio: low (TG/HDL-C ratio <2, n = 967), middle (TG/HDL-C ratio 2–3.3, n = 1,071) and high (TG/HDL-C ratio >3.3, n = 1,028). At 1 year from enrolment, 232 (7.6%) patients presented a MACCE, with a higher incidence in the higher tertile, even though not statistically significant (6.0, 8.2, and 8.4% in the low, middle and high tertile, respectively; p = 0.08). At multivariable analysis, the TG/HDL-C ratio in tertiles did not result an independent predictor of the MACCE (p = 0.29) at 1-year follow-up (HR: 1.30; 95% CI: 0.93–1.82; p = 0.12 middle vs. lower tertile, and HR: 1.22; 95% CI: 0.87–1.72; p = 0.25 higher vs. lower).

Conclusions: In the present large, nationwide cohort of CCS patients at VHR a high TG/HD ratio did not emerge as independent predictor of MACCE at 1 year. Further studies with a longer follow-up are needed to better define the prognostic role of TG/HDL ratio in CCS.
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INTRODUCTION

Recent data suggested that concomitant high triglycerides (TG) and low high-density lipoprotein cholesterol (HDL-C) levels, as simplified by the TG/HDL-C ratio, characterize a specific cardio-metabolic profile known as atherogenic dyslipidemia, a predictor of coronary artery disease (CAD) development and elevated risk of cardiovascular adverse events, independent of low-density lipoprotein cholesterol (LDL-C) levels (1–4). The mechanisms by which a high TG/HDL-C ratio is associated with an increased cardiovascular risk seem to be related to metabolic syndrome, insulin resistance and consequent hyperinsulinemia, and to direct implications in endothelial damage and atherosclerosis (5, 6). The role of TG/HDL-C ratio for the long-term prediction of cardiovascular events has been reported in different clinical scenarios, such as diabetes mellitus (DM) (7), chronic kidney disease (CKD) (8), and acute coronary syndromes (ACS) (9).

Nevertheless, poor data are available on the predictive role of TG/HDL-C ratio in patients with established chronic coronary syndromes (CCS), particularly in those at very high risk (VHR). Therefore, using the data from the STable Coronary Artery Diseases RegisTry (START) study (10, 11), an Italian nationwide registry, we sought to assess the association between the TG/HDL-C ratio and baseline clinical characteristics, pharmacological treatment, and major adverse cardio-cerebrovascular events (MACCE) at 1 year in a large cohort of CCS patients at VHR.



METHODS

The design and main results of the START registry have been published previously (10). Briefly, the START was a prospective, observational, nationwide study aimed to evaluate the current presentation, management, treatment and quality of life of patients with CCS as seen by cardiologists in clinical practice in Italy, during a 3-month period (10). Enrolment was made at the end of outpatient or day-hospital visit or at hospital discharge. Data on baseline characteristics, including demographics, risk factors and medical history, were collected. Information on the use of diagnostic cardiac procedures, type and timing of revascularization therapy (if performed) and use of pharmacological or non-pharmacological therapies were recorded on an electronic case report form (CRF) at hospital discharge or the end of outpatient visit.

The Italian Association of Hospital Cardiologists (ANMCO) invited to participate all Italian cardiology wards, including university teaching hospitals, general and regional hospitals, and private clinics receiving patients with CCS. No specific protocols or recommendations for evaluation, management, and/or treatment have been put forth during this observational study (10).

All patients were informed of the nature and aims of the study and asked to sign an informed consent for the anonymous management of their individual data. Local Institutional Review Boards (IRB) approved the study protocol according to the current Italian rules.

One-hundred eighty-three cardiology centers included consecutive patients in the survey in different periods of 3 months between March 2016 and February 2017 (10).

All patients included into the analysis were evaluated for being at VHR according to the ESC/EAS clinical guidelines for the management of dyslipidemias [e.g., documented atherosclerotic cardiovascular disease including previous ACS, coronary revascularization, stable angina, stroke or transient ischemic attack, peripheral artery disease (PAD), DM with target organ damage or type 1 DM of long duration, severe CKD, a SCORE ≥10% for 10-year risk of fatal cardiovascular disease or familial hypercholesterolemia with atherosclerotic cardiovascular disease or another major risk factor] (12, 13).

Optimal medical therapy (OMT) has been defined as patients being prescribed aspirin or thienopyridine, β -blocker and a statin, at the maximum tolerated dosage (14). To be categorized as receiving OMT, individual patients must have been either prescribed or had reported contraindications to all medications in each category. Data on the use of angiotensin-converting enzyme inhibitors (ACE-I) or angiotensin II receptor blockers (ARB) were recorded and could be used to calculate their use among those patients in whom they were clinically indicated. Therefore, given that the guidelines for the management of CCS (14) recommend an ACE-I or ARB for some subgroups of patients, we also examined OMT including ACE-Is or ARBs, if indicated by an ejection fraction ≤40%, hypertension, DM or CKD (eligible patients).

In the present analysis, we considered the VHR patients with both TG and HDL- C available at enrollment.


Clinical Events and Follow-Up

Patients were followed up by visits or telephone interviews by investigators at 1 year from enrolment. Interviews included questions related to the occurrence of events, planned and unplanned hospitalizations and persistence to pharmacological therapies prescribed at enrolment.

The primary outcome of the present analysis was the time to the first occurrence of MACCE, a composite of all-cause mortality, hospitalization for MI, HF, stroke/TIA or myocardial revascularization at 1-year follow-up.



Statistical Analysis

The study cohort was stratified according the tertiles of TG/HDL-C ratio (<2; 2–3.3; >3). Categorical variables are presented as number and percentages and compared by the Chi-square test. Continuous variables are presented as mean and standard deviation (SD), except the TG levels, dosages of prescribed statins and time from revascularization to enrollment, which are reported as median and inter-quartile range (IQR) and were compared by the t-test or analysis of variance, if normally distributed, or by Mann-Withney U-test test or Kruskall-Wallis, if not.

A multivariable analysis (Cox regression) was performed in order to identify the independent predictors of MACCE at 1-year follow-up. We inserted in the model the TG/HDL-C ratio tertiles (low tertile as reference), and the following variables considered of clinical interest as covariates: age (continuous), gender, prior ACS, prior revascularization, DM, hypertension, hypercholesterolemia, history of HF, PAD, history of major bleeding, CKD, the achievement of LDL-C target according to ESC/EAS guidelines (13), use of OMT at discharge. When more than two categories were present, dummy variables were introduced to define a reference group. Patients without a MACCE event was censored at their time of last observation. Kaplan–Meier curves were produced for the MACCE at 1- year follow-up and compared by log-rank test.

A p < 0.05 was considered statistically significant. All tests were 2-sided. Analyses were performed with SAS system software, version 9.4.




RESULTS

From the 5,070 consecutive patients with CCS enrolled in the registry, 4,751 (94.0%) were classified as VHR. Among this latter group of patients, 3,066 (64.5%) had both values of TG and HDL-C at baseline. Patients at VHR with both TG and HDL-C levels available were younger, less frequently females and more often active smokers, compared to VHR patients with TG and/or HDL-C not available, and that were also excluded from the analysis (Supplementary Table 1).

The TG/HDL ratios were normally distributed in the study population and the mean value was 3.10 ± 2.18 mg/dl. Patients at VHR with both TG and HDL-C levels available were grouped in tertiles of TG/HDL-C ratio: low (TG/HDL-C ratio <2, n = 967), middle (TG/HDL-C ratio 2–3.3, n = 1,071) and high (TG/HDL-C ratio >3.3, n = 1,028). Baseline characteristics of patients in the three groups are shown in Table 1. Although patients in the highest tertile, predominantly males, were significantly younger, they presented more often risk factors such as DM, smoking, hypertension, CKD and higher levels of glycaemia, serum uric acid, total and LDL cholesterol compared to patients in the other tertiles (Table 1). The median time between coronary revascularization and enrolment was 177 (IQR 35-1018) days.


Table 1. Baseline clinical characteristics of VHR patients with TG and HDL-C available.
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At the time of enrollment, a statin was prescribed in 2,907 (94.8%) patients: 921 (95.2%) in the low, 1,015 (94.8%) in the middle and 971 (94–5%) in the high tertile of TG/HDL-C ratio (p = 0.73). Atorvastatin was the most prescribed statin compound (69.1%), followed by simvastatin (12.1%) and rosuvastatin (11.6%), without significative differences between the tertiles of TG/HDL-C ratio. The median dosages of statins prescribed in the 3 groups of patients are shown in Supplementary Table 2.

Omega-3 fatty acids were prescribed in 12.5, 11.6, and 22.5% in the low, middle and high tertile of TG/HDL-C ratio, respectively (p < 0.0001).

The association of statin and ezetimibe was prescribed in 11.9% and statin and omega-3 fatty acids in 12.2% of patients, with a significantly higher prevalence for the latter among those in the higher tertile of TG/HDL-C ratio, while other associations of cholesterol lowering agents were not frequently employed (Figure 1).


[image: Figure 1]
FIGURE 1. Associations of lipid lowering strategies according to tertiles of TG/HDL ratio. Other possible combinations not shown were used in <0.5% of cases.


The other pharmacological therapies prescribed in the three groups are shown in Figure 2. A dual antiplatelet therapy, ACE-inhibitors or angiotensin II receptor blockers, beta-blockers, calcium channel antagonists, mineralocorticoid receptor antagonists and ranolazine were more frequently prescribed in patients in middle and high compared to low TG/HDL ratio tertiles.
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FIGURE 2. Pharmacological treatment at enrolment in patients included the three TG/HDL-C tertiles. ACE-I, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers; ASA, acetylsalicylic acid; CCA, calcium channels antagonists; MRA, mineralocorticoid receptor antagonist; OAT, oral anticoagulant therapy. *p < 0.05; **p < 0.0001.


Notably, an OMT was prescribed in 65.9, 71.4, and 75.6% in the low, middle and high tertile of TG/HDL-C ratio, respectively (p < 0.0001).


Clinical Events at 1 Year

Data on follow-up were available for 2,904 (95%) patients included in the analysis. The persistence to high dose statin at follow-up was 94.4, 94.2, and 95.6% in the low, middle and high tertile of TG/HDL-C ratio, respectively (p = 0.41).

At 1 year (median 369; IQR 362–378 days) from enrolment, MACCE was observed in 232 (7.9%) patients, and a higher incidence was observed in the higher tertile of TG/HDL ratio (6.0, 8.2, and 8.4% in the low, middle and high tertile, respectively), even though not statistically significant (p = 0.08). The single components of the MACCE respect to the 3 tertiles are reported in Table 2. The Kaplan-Meier curves of MACCE for the three tertiles are shown in Figure 3.


Table 2. Single components of MACCE at 1 year.
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FIGURE 3. Kaplan-Meier curves for time to MACCE among the three subgroups of CCS patients at VHR stratified by TG/HDL-C tertiles.


At multivariable analysis, the TG/HDL-C ratio in tertiles did not result an independent predictor of the MACCE (p = 0.22) at 1-year follow-up (HR: 1.30; 95% CI: 0.93–1.82; p = 0.12 middle vs lower tertile, and HR: 1.22; 95% CI: 0.87–1.72; p = 0.25 higher vs lower), while other variables such as history of HF (HR: 2.11; 95% CI: 1.54–2.88; p < 0.0001), CKD (HR 2.17; 95% CI: 1.56–3.02; p < 0.0001) and LDL-C target achievement (HR: 0.75; 95% CI: 0.55–1.01; p = 0.04) resulted as independent predictors of the MACCE.




DISCUSSION

In a large cohort of CCS patients at VHR enrolled in the START registry in Italy, we found that patients in the highest tertile of TG/HDL-C ratio were predominantly males and significantly younger, and presented more often risk factors such as DM, smoking, hypertension, CKD and higher levels of glycaemia, serum uric acid, total and LDL cholesterol compared to patients in the lower tertiles, i.e., low and middle. At 1 year from enrolment, the incidence of MACCE did not statistically differ between the 3 groups though it was higher in the high tertile compared to the low and middle one. At multivariable analysis, the TG/HDL-C ratio in tertiles did not emerge an independent predictor of the MACCE at 1-year follow-up.

Several studies have reported that the combination of high TG and low HDL-C level was a predictor of cardiovascular disease independent of LDL-C level (1–4, 15). Moreover, combining the two lipid measures into one as the ratio of TG to HDL-C has been proved to be a reliable indicator for metabolic syndrome, insulin resistance, with direct implications in endothelial damage and atherosclerosis (5, 6, 16, 17). Reference values for TG/HDL-C ratio and its association with cardiometabolic diseases in a mixed adult population were also recently identified (18).

In addition, an elevated TG/HDL-C ratio, which has been proposed as an easily obtainable marker of atherogenic dyslipidemia, has been associated with adverse long-term cardiovascular outcomes and all-cause mortality in secondary prevention studies performed in gender-specific with suspected myocardial ischemia (4) or small country-specific (19) high-risk patients, as well as in patients presenting with ACS (9, 20). Poor data were available on the predictive role of TG/HDL-C ratio in patients with established CCS, particularly in those at VHR.

Recently, in a prospective, multicenter study enrolling 355 patients with stable angina at intermediate-low risk referred to coronary computed tomography angiography (CTA) and followed for 4.5 years, patients with a higher TG/HDL-C ratio presented a higher coronary atherosclerosis burden (21). In addition, both a higher TG/HDL-C ratio and the coronary CTA score were additional predictors of worse outcome, independently of other cardiovascular risk factors, the presence of obstructive CAD or ischemia (21). In contrast to these controlled studies, VHR CCS patients included in our registry were undertreated with statin therapies and were followed up for a short period of time. This may partly explain the lack of prognostic predictive value of the TG / HDL-C ratio observed in our analysis.

In fact, though the incidence of patients with MACCE was higher in the high tertile as compared to the low and middle one, a significative difference among the tertiles was not observed, and, at multivariable analysis, only history of HF and CKD resulted as independent predictors of the MACCE. However, it should be noted that a large majority of our study patients (71.1%) were receiving an OMT: 65.9%, 71.4 and 75.6% (p < 0.0001) in the low, middle and high tertile of TG/HDL-C ratio, respectively. Thus, the more widely represented OMT in the high tertile of TG/HDL-C ratio may partly account for the results. Moreover, the follow-up at 1 year was probably too short to observe a significant impact of TG/HDL-C ratio on clinical outcome. Indeed, even in a recent study in ACS patients with STEMI (9) a high TG/HDL-C ratio did not impact on 30-day and 1-year outcomes suggesting that a longer period is needed to reveal significant differences, as has been shown in other previous studies (15, 16, 19, 20).


Study Limitations

Our study must be evaluated in the light of some limitations. First, data reported in the present analysis are limited to the time of enrolment and we do not have data on long-term persistence to prescribed therapies, their changes and relative outcomes. Nevertheless, a clinical follow-up at 1 year from enrolment in the START study showed a persistence to OMT therapy higher than 90% (11). In addition, we considered values of TG and HDL-C at enrolment. Therefore, changes in statins regimen and dosing could have occurred later influencing the subsequent TG/HDL-C ratios. Finally, even if the participating centers were asked to include in the registry all consecutive patients with SCC, we were not able to verify the enrolment process, due to the absence of administrative auditing.




CONCLUSIONS

In the present large, nationwide cohort of consecutive CCS patients at VHR, a high TG/HD ratio did not emerge as independent predictor of cardio-cerebrovascular events at 1 year. Further larger studies with a longer follow-up period are needed to better define the clinical and prognostic role of TG/HDL ratio in CCS.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by San Camillo-Forlanini, Rome. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

LD and PT drafted the manuscript. LG analyzed the data. All other authors critically revised the article. All authors contributed to the article and approved the submitted version.



FUNDING

The sponsor of both studies was the Heart Care Foundation, a non-profit independent organization, which also owns the database. Database management, quality control of the data and data analyses were under the responsibility of the ANMCO Research Center Heart Care Foundation. The realization of this sub-analysis of the START study and the publication of its results was partially supported by an unrestricted grant by Menarini, Italy. No compensations were provided to participating sites, investigators, nor members of the Steering Committee. The Steering Committee had full access to all of the data and takes complete responsibility for the integrity of the data and the accuracy of the data analysis.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2022.874087/full#supplementary-material



REFERENCES

 1. Carey VJ, Bishop L, Laranjo N, Harshfield BJ, Kwiat C, Sacks FM. Contribution of high plasma triglycerides and low high-density lipoprotein cholesterol to residual risk of coronary heart disease after establishment of low-density lipoprotein cholesterol control. Am J Cardiol. (2010) 106:757–63. doi: 10.1016/j.amjcard.2010.05.002

 2. Jeppesen J, Hein HO, Suadicani P, Gyntelberg F. Low triglycerides-high high-density lipoprotein cholesterol and risk of ischemic heart disease. Arch Intern Med. (2001) 161:361–6. doi: 10.1001/archinte.161.3.361

 3. Gaziano JM, Hennekens CH, O'Donnell CJ, Breslow JL, Buring JE. Fasting triglycerides, high-density lipoprotein, and risk of myocardial infarction. Circulation. (1997) 96:2520–5. doi: 10.1161/01.CIR.96.8.2520

 4. Bittner V, Johnson BD, Zineh I, Rogers WJ, Vido D, Marroquin OC, et al. The TG/HDL cholesterol ratio predicts all cause mortality in women with suspected myocardial ischemia: a report from the women's ischemia syndrome evaluation (WISE). Am Heart J. (2009) 157:548–55. doi: 10.1016/j.ahj.2008.11.014

 5. Murguía-Romero M, Jiménez-Flores JR, Sigrist-Flores SC, Espinoza-Camacho MA, Jiménez-Morales M, Piña E, et al. Plasma triglyceride/HDL-cholesterol ratio, insulin resistance, and cardiometabolic risk in young adults. J Lipid Res. (2013) 54:2795–9. doi: 10.1194/jlr.M040584

 6. Armato J, Reaven G, Ruby R. Triglyceride/High-Density lipoprotein cholesterol concentration ratio identifies accentuated cardiometabolic risk. Endocr Pract. (2015) 21:495–500. doi: 10.4158/EP14479.OR

 7. Boizel R, Benhamou PY, Lardy B, Laporte F, Foulon T, Halimi S. Ratio of triglycerides to HDL cholesterol is an indicator of LDL particle size in patients with type 2 diabetes and normal HDL cholesterol levels. Diabetes Care. (2000) 23:1679–85. doi: 10.2337/diacare.23.11.1679

 8. Ho CI, Chen JY, Chen SY, Tsai YW, Weng YM, Tsao YC, et al. Relationship between TG/HDL-C ratio and metabolic syndrome risk factors with chronic kidney disease in healthy adult population. Clinical Nutrition. (2015) 34:874–80. doi: 10.1016/j.clnu.2014.09.007

 9. Chen HC, Lee WC, Fang HY, Fang CY, Chen CJ, Yang CH, et al. Impact of high triglyceride/high-density lipoprotein cholesterol ratio (insulin resistance) in ST-segment elevation myocardial infarction. Medicine. (2020) 99:e22848. doi: 10.1097/MD.0000000000022848

 10. De Luca L, Temporelli PL, Lucci D, Gonzini L, Riccio C, Colivicchi F, et al. START investigators. Current management and treatment of patients with stable coronary artery diseases presenting to cardiologists in different clinical contexts: a prospective, observational, nationwide study. Eur J Prev Cardiol. (2018) 25:43–53. doi: 10.1177/2047487317740663

 11. De Luca L, Temporelli PL, Riccio C, Gonzini L, Marinacci L, Tartaglione SN, et al. START Investigators. Clinical outcomes, pharmacological treatment, and quality of life of patients with stable coronary artery diseases managed by cardiologists: 1-year results of the START study. Eur Heart J Qual Care Clin Outcomes. (2019) 5:334–42. doi: 10.1093/ehjqcco/qcz002

 12. 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: The Task Force for the management of dyslipidaemias of the European Society of Cardiology (ESC) and European Atherosclerosis Society (EAS). Eur Heart J. (2020) 41:111–88. doi: 10.1093/eurheartj/ehz455

 13. Catapano AL, Graham I, De Backer G, Wiklund O, Chapman MJ, Drexel H, et al.; ESC Scientific Document Group. 2016 ESC/EAS Guidelines for the Management of Dyslipidaemias. Eur Heart J. (2016) 37:2999–3058. doi: 10.1093/eurheartj/ehw272

 14. Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-Brentano C, et al.; ESC Scientific Document Group. 2019 ESC Guidelines for the diagnosis and management of chronic coronary syndromes: The Task Force for the diagnosis and management of chronic coronary syndromes of the European Society of Cardiology (ESC). Eur Heart J. (2020) 41:407–77. doi: 10.1093/eurheartj/ehz425

 15. Andersson C, Lyass A, Vasan RS, Massaro JM, D'Agostino Sr RB, Robins SJ. Long-term risk of cardiovascular events across a spectrum of adverse major plasma lipid combinations in the Framingham Heart Study. Am Heart J. (2014) 168:878–83. doi: 10.1016/j.ahj.2014.08.007

 16. Lee JS, Chang PY, Zhang Y, Kizer JR, Best LG, Howard BV. Triglyceride and HDL-C dyslipidemia and risks of coronary heart disease and ischemic stroke by glycemic dysregulation status: the Strong Heart Study. Diabetes Care. (2017) 40:529–37. doi: 10.2337/dc16-1958

 17. Di Giorgi N, Michelucci E, Smit JM, Scholte AJHA, El Mahdiui M, Knuuti J, et al. A specific plasma lipid signature associated with high triglycerides and low HDL cholesterol identifies residual CAD risk in patients with chronic coronary syndrome. Atherosclerosis. (2021) 339:1–11. doi: 10.1016/j.atherosclerosis.2021.11.013

 18. Lelis DF, Calzavara JVS, Santos RD, Sposito AC, Griep RH, Barreto SM, et al. Reference values for the triglyceride to high-density lipoprotein ratio and its association with cardiometabolic diseases in a mixed adult population: The ELSA-Brasil study. J Clin Lipidol. (2021) 15:699–711. doi: 10.1016/j.jacl.2021.07.005

 19. Sultani R., Tong DC, Peverelle M, Lee YS, Baradi A, Wilson AM. Elevated triglycerides to high-density lipoprotein cholesterol (TG/HDL-C) ratio predicts long-term mortality in high-risk patients. Heart Lung Circ. (2020) 29:414–21. doi: 10.1016/j.hlc.2019.03.019

 20. Wan K, Zhao J, Huang H, Zhang Q, Chen X, Zeng Z, et al. The association between trigyceride/high-density lipoprotein cholesterol ratio and all cause mortality in acute coronary syndrome after coronary revascularization. PLoS ONE. (2015) 10:e0123521. doi: 10.1371/journal.pone.0123521

 21. Caselli C, De Caterina R, Smit JM, Campolo J, Mahdiui ME, Ragusa R, et al. EVINCI and SMARTool. Triglycerides and low HDL cholesterol predict coronary heart disease risk in patients with stable angina. Sci Rep. (2021) 11:20714. doi: 10.1038/s41598-021-00020-3

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 © 2022 De Luca, Temporelli, Colivicchi, Gonzini, Fasano, Pantaleoni, Greco, Oliva, Gabrielli and Gulizia. 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-09-874087-t002.jpg
Events, n (%) Overall n = 3,066 Tertiles of TG/HDL-C ratio p value

Low n = 967 Middle n = 1,071 High n = 1,028

All-cause death 47 (1.5) 10(1.0) 19(1.8) 18(1.8) 031
Myocardial Infarction 24(0.8) 6(0.6) 9(0.8) 909 078
Heart Failure 48 (1.6) 11(1.1) 23(22) 14 (1.4) 0.15
Stroke 13(0.4) 5(05) 2(02) 6(0.6) 033

Myocardial revascularization 135 (4.4) 34(35) 48 (4.5) 53(5.2) 020





OPS/images/fcvm-09-874087-g003.gif





OPS/images/fcvm-09-874087-t001.jpg
Overall n = 3,066 Tertiles of TG/HDL-C ratio P

Low (<2) Middle (2-3.3) High (>3.3)
n=967 n=1071 n=1028

Age (years), mean & SD 6710 68+ 10 68+ 10 66+ 10 <0.0001
Females, n (%) 555 (18.1) 214 (22.1) 183 (17.1) 158 (15.4) 0.0003
BMI (kg/m?), mean  SD 27.4£40 26336 27.4+39 284+ 4.1 <0.0001
Risk factors and comorbidities, n (%)
Active smokers 572(18.7) 143 (14.8) 190 (17.7) 239 (23.3) <0.0001
Hypercholesterolaermia 2370 (77.3) 725 (75.0) 806 (75.9) 839 (81.6) 0.0003
Diabetes melltus 1,025 (33.4) 247 (255) 342(31.9) 436 (42.4) <0.0001
Hypertension 2,430 (79.3) 736 (76.1) 844 (78.8) 850 (82.7) 0,001
Chronic renal dysfunction* 365 (11.9) 87 (9.0 114 (10.6) 164 (16.0) <0.0001
Peripheral artery disease 309 (10.1) 96(9.9) 103 (9.6) 110(10.7) 070
COPD 359 (11.7) 115(11.9) 113 (10.6) 181 (12.7) 0.29
Malignancy 186 6.1) 67(6.9) 59(5.5) 60(5.8) 038
Cardiovascular history, n (%)
Previous stroke/TIA 180 (6.9) 55(5.7) 57(5.3) 68(6.6) 043
History of major bleeding 61(2.0) 14(15) 242.2) 23(2.2) 035
Atrial fibrillation 418 (13.6) 139 (14.4) 167 (14.7) 122(11.9) 0.13
History of heart failure 415 (135) 17 (12.1) 138 (12.9) 160 (15.6) 006
Prior MI 2,190 (71.4) 698(722) 774 (72.9) 718(69.8) 039
Previous PC/CABG 2,582 (84.2) 798 (82.5) 905 (84.5) 879 (85.5) 0.18
Haemodynamic parameters, mean & SD; median (IQR)
LVEF, % (n = 2,891) 50.0% 10.0 54598 540 10.1 53599 0.10
SBP, mmHg 130+ 16 130+ 17 130+ 16 130+ 16 068
DBP, mmHg 769 769 76£9 7£9 0.03
HR, bpm 66+ 11 65+ 10 66+ 12 67+ 11 <0.0001
Hb, g/dlL (n = 2,896) 136+ 1.7 18.7£16 136+ 1.6 13618 087
Creatinine, mg/dL (n = 2,886) 1.1+056 10+04 10+06 1.1+06 <0,.0001
Total cholesterol, mg/clL (1 = 3,033) 153.0 £ 38.4 150.4 £ 34.2 1507 £87.4 158.0 % 42.5 <0.0001
LDL cholesterol, mg/dL (1 = 2,676) 86.0+83.7 81.0+30.2 86.0+ 326 90.6+87.1 <0.0001
LDL cholesterol <70 mg/d), n (%) 901 (33.7) 316 (37.9) 310 32.7) 275(30.7) 0,005
LDL cholesterol <55 mg/dl, n (%) 395 (14.8) 141(16.9) 128 (13.5) 126 (14.1) 0.10
LDL cholesterol <40 mg/dl, n (%) 107 (4.0) 33(4.0) 40(4.2) 34(38) 089
HDL cholesterol, mg/dL 455 £ 13.6 56.6 + 14.9 44.4 £89 363+7.8 <0.0001
Triglycerides, mg/dL 112 (85-152) 76 (63-89) 110 (96-129) 170 (144-204) <0.0001
Glycaemia, mg/dL (n = 2,742) 1143 £ 36.0 109.3£31.9 1133+ 35.4 1203+ 39.2 <0.0001
Uric acid, mg/dL (0 = 1,968) 57+17 54+16 57+16 61+16 <0.0001

BMI, body mass index; CABG, coronary artery by-pass grafting: COPD, chronic obstructive puimonary disease; DB, diastolic blood pressure; Hb, hemoglobin; HOL, high density
lipoprotein; HR, heart rate; LDL, low densiy lpoprotein; LVEF, left ventricular ejection fraction; M, myocardial infarction; PCI, percutaneous coronary intervention; SBP, systolic biood
pressure; TIA, transient ischemic attack.

“Dialysis, history of renal transplant or creatinine levels >1.5 mg/dlL.
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