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ABSTRACT

Background: In cardiovascular disease (CVD), lowering low-density lipoprotein cholesterol (LDL-C) remains the primary thera-
peutic goal to reduce major adverse cardiovascular events (MACE). Evidence from intervention studies shows that reducing LDL-C 
by at least 50% from baseline significantly decreases MACE risk. However, in clinical practice, even when target LDL-C levels are 
achieved, a residual risk persists, leaving patients vulnerable to recurrent events. Non-HDL cholesterol (cholesterol not associated 
with high-density lipoproteins, non-HDL-C) comprises all plasma lipoproteins except HDL-C, and denotes the serum cholesterol of 
all lipoproteins carrying apolipoprotein B.
Objective: To determine the role of non-HDL-C and remnant cholesterol (RC) as predictors of recurrent atherosclerotic cardiovas-
cular events in patients with ST-segment elevation myocardial infarction (STEMI).  
Methods: We conducted a retrospective cohort study at a high-complexity center in the city of Buenos Aires. The data analyzed were 
obtained from an institutional database.  Follow-up was performed through the review of electronic medical records. Kaplan–Meier 
survival curves and Cox regression models were used for MACE prediction. A p-value < 0.05 was considered statistically significant.
Results: A total of 403 patients were included. During the first year of follow-up, MACE occurred in 23.5% (n=95) of patients, most 
frequently within the first 3 months. Patients with MACE had higher non-HDL-C (102 mg/dL vs. 84 mg/dL, p<0.001) and RC (29 
mg/dL vs. 22 mg/dL, p<0.001) levels, with no significant differences in LDL-C
Conclusion: In this study, both non-HDL-C and RC were independent predictors of MACE after adjustment for LDL-C.   
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RESUMEN

Introducción: En el contexto de la enfermedad cardiovascular (ECV), el control de la hipercolesterolemia con la reducción del co-
lesterol LDL, (colesterol asociado a lipoproteínas de baja densidad, c-LDL), ha sido en los últimos años el objetivo principal de las 
diferentes terapéuticas para reducir el riesgo de eventos adversos cardiovasculares mayores (MACE, por su sigla en inglés); este 
criterio se basa en diversos estudios de intervención que demostraron que una reducción de al menos el 50% del valor basal del c-
LDL se asocia a una disminución significativa de los MACE; sin embargo, en la práctica clínica existe un riesgo residual no abordado 
con la terapia hipolipemiante actual, que expone a una alta tasa de eventos recurrentes a pesar de encontrarse el c-LDL en valores 
objetivo. El colesterol no-HDL (colesterol no asociado a lipoproteínas de alta densidad, c-no-HDL), comprende todas las lipoproteínas 
plasmáticas excepto c-HDL, y denota el colesterol sérico de todas las lipoproteínas portadoras de apolipoproteína B.
Objetivo: Evaluar el rol del c-no-HDL y colesterol remanente (CR) como predictores de reincidencia de eventos cardiovasculares en 
pacientes con infarto agudo de miocardio con elevación del segmento ST (IAMCEST).
Material y métodos: Se realizó un estudio de cohorte retrospectivo en un centro de alta complejidad de la Ciudad Autónoma de Bue-
nos Aires. Los datos analizados fueron obtenidos de una base de datos institucional. El seguimiento se realizó a través de la revisión 
de la historia clínica electrónica. Para el análisis estadístico se utilizaron curvas de sobrevida de Kaplan Meier y modelo de regresión 
de Cox para generar modelos de predicción de MACE. Se consideró estadísticamente significativo un valor de p < 0,05.
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INTRODUCTION
Cardiovascular disease (CVD) is the leading cause of 
morbidity and mortality worldwide (1) and ranks first 
among the causes of disability in people > 50 years of 
age according to the Global Burden of Disease Study 
(2019). (2) Hypercholesterolemia remains one of the 
major determinants of attributable risk for CVD and 
cerebrovascular disease. (3) 

In Argentina, the INTERASPIRE registry found 
that, during follow-up, 55% of the population who had 
a first coronary event did not meet the cholesterol 
bound to low-density lipoproteins (LDL-C) targets es-
tablished by clinical practice guidelines. (4) It is known 
that the key event that triggers atherogenesis is the 
retention of LDL-C and other cholesterol-rich lipopro-
teins. These lipoproteins carry the cholesterol within 
the artery wall, thereby playing a pivotal role in the 
formation of atherosclerotic plaque and the subsequent 
development of CVD. Increased LDL-C concentration 
is causally related to atherosclerotic cardiovascular dis-
ease, and reducing the number of LDL-C particles and 
other lipoproteins containing apolipoprotein B (apoB) 
as much as possible decreases the occurrence of major 
adverse cardiovascular events (MACE). (5,6) The cur-
rent problem is that despite optimal control of LDL-
C levels through lifestyle changes and lipid-lowering 
treatment, patients who survive a first CVD event are 
at high risk of recurrence. (7) This can be attributed to 
the failure to consider residual cardiovascular risk due 
to elevated levels of other atherogenic particles: non-
HDL cholesterol (non-HDL-C), remnant cholesterol 
(RC), and lipoprotein(a) [Lp(a)]. (8,9) 

Non-HDL-C comprises all plasma lipoproteins 
except HDL-C: LDL-C, triglyceride-rich lipoproteins 
(TRL), which include intermediate-density lipopro-
teins (IDL), very low-density lipoproteins (VLDL), 
chylomicrons, remnant TRL, and Lp(a). This param-
eter indicates the total amount of lipoproteins con-
taining apolipoprotein B. (10) Non-HDL-C has been 
shown to be more effective for estimating the risk of 
atherosclerotic cardiovascular disease when compared 
to LDL-C. This may be due to the fact that it encom-
passes all proatherogenic cholesterol particles. (10) 
It is also a superior predictor of risk in patients with 
metabolic disorders, including hypertriglyceridemia, 
diabetes mellitus (DM), and obesity.

In secondary prevention, the desirable value of 
non-HDL-C is < 85 mg/dL for patients with very high 
CV risk associated with DM, acute coronary syndrome 
(ACS), familial hypercholesterolemia (FH), recurrent 

events, and panvascular disease. For patients without 
these conditions, the desirable value is < 100 mg/dL. 
(12,13) RC is the cholesterol content of TRLs, and can 
be estimated as total cholesterol minus LDL-C mi-
nus HDL-C. Like non-HDL-C, RC is a causal factor 
in CVD and has been shown to have the potential to 
predict CVD independently of LDL-C levels. (12) The 
evidence from randomized clinical trials supports the 
hypothesis that elevated levels of these particles are 
associated with an increased risk of myocardial infarc-
tion (MI) and all-cause mortality. (14,15)  

It is also known that the residual risk in these pa-
tients is multifactorial and is not only related to lipid 
factors but also to the persistence of other risk fac-
tors such as increased body mass index (BMI), hyper-
tension (HTN) and diabetes mellitus (DM). (8,9) The 
primary objective of this study is to determine the 
role of non-HDL-C and RC as predictors of recurrent 
atherosclerotic cardiovascular events in patients with 
ST-segment elevation myocardial infarction (STEMI).

METHODS
Study design and population  
We conducted a retrospective cohort study at a high-com-
plexity center in the city of Buenos Aires. Patients > 18 
years who were hospitalized due to STEMI with evidence 
of type 1 MI as demonstrated by invasive coronary angiog-
raphy were included in the study. The diagnosis of STEMI 
was based on the fourth universal definition of MI, (16) with 
patients presenting with electrocardiographic changes con-
sistent with ST-segment elevation at the J point in at least 
two contiguous leads, > 0.25 mV in men < 40 years, > 0.20 
mV in men > 40 years or older, or > 0.15 mV in women in 
leads V2-V3 and/or > or equal to 0.10 mV in all leads.

Total cholesterol (TC), HDL-C, and triglyceride (TG) lev-
els were measured in venous blood samples obtained within 
the first 12 hours following hospital admission. Samples were 
obtained in a fasting state (minimum 8 hours) when possi-
ble, but, this condition was not recorded. LDL-C was esti-
mated using the Friedewald formula: LDL-C = TC – HDL-C 
– (TG/5), expressed in mg/dL. Non-HDL-C was calculated as 
the difference between TC and HDL-C, and RC was calcu-
lated using the formula TC – HDL-C – LDL-C. Given the el-
evated cardiovascular risk exhibited by these patients, the 
therapeutic targets were defined as LDL-C of <55 mg/dL or 
a reduction of at least 50% from baseline levels.

The primary outcome was a composite of unstable an-
gina and major adverse cardiovascular events (MACE), de-
fined as cardiovascular death, nonfatal stroke, or nonfatal 
MI during the first 12 months of follow-up after the index 
event. Follow-up was mainly performed through electronic 
medical records. Those patients who were not followed up at 
our institution were contacted by telephone calls.

Resultados: Fueron incluidos 403 pacientes. Se observó en el primer año de seguimiento una incidencia de MACE de 23,5% (n=95), 
el mayor número de eventos en los 3 primeros meses. Los pacientes con MACE tenían valores más elevados de cno-HDL (102 mg/dL 
vs. 84mg/dL, p<0,001) y CR (29 mg/dL vs. 22 mg/dL, p<0,001); no hubo diferencias estadísticamente significativas en cuanto al 
c-LDL.
Conclusión: En este estudio tanto el c-no-HDL como el CR se comportaron como predictores independientes de MACE tras ajustar 
por el valor de c- LDL.

Palabras clave: IAMCEST - Colesterol LDL - Colesterol no-HDL - Colesterol remanente- Riesgo residual 



265PROGNOSTIC VALUE OF NON-HDL CHOLESTEROL IN STEMI / Ornella Pacce et al.

Statistical analysis
All the statistical calculations were performed using RStudio 
version 1.4.1106 (The R Foundation for Statistical Comput-
ing, Viena, Austria). Continuous variables are expressed as 
mean and standard deviation, or median and interquartile 
range (IQR), according to their distribution. Qualitative 
variables are presented as absolute frequencies and percent-
ages. The chi square test or Fisher's exact test were used to 
compare the categorical variables and continuous variables 
were analyzed using the Student's t test or the Mann-With-
ney test, depending on the distribution of the sample. Cox 
regression analysis was used to identify independent predic-
tors of cardiovascular events during follow-up. All models 
were adjusted for age, sex, HTN, DM, smoking habit, RC, 
LDL-C, and non-HDL-C. Survival curves were estimated us-
ing the Kaplan- Meier method. A p-value < 0.05 was consid-
ered statistically significant.

RESULTS 
Patients' characteristics
A total of 403 patients with STEMI were included; 
median age was 64 years (IQR 55-73) and 78.8% were 
male. The main cardiovascular risk factors among 
the patients included were DM (16%), HTN (43%), 
dyslipidemia (29%) and current smoking (12%). Me-
dian values of LDL-C , HDL-C , TG, and non-HDL-C 
were 64 mg/dL, 36 mg/dL, 114 mg/dL, and 87 mg/dL, 

respectively. During the average follow-up period of 
12 ± 3 months, adherence to statin treatment was 
97.8%

Events at follow-up according to the change in non-HDL-
cholesterol
The cardiovascular outcome occurred in 95 patients 
(23.5%) during follow-up. 

Patients who developed MACE had higher levels 
of TC, TG,non-HDL-C and RC. There were  no dif-
ferences in LDL-C levels. The characteristics of the 
population and their relationship with the occurrence 
of events can be seen in Table 1. In a stratified analy-
sis, patients who experienced events during follow-up 
had higher non-HDL-C and RC levels compared to 
those without events, despite having the LDL-C tar-
get value (Figure 1).  

Multivariate analysis: independent predictors of major 
cardiovascular events
Two prediction models were adjusted for Cox multiple 
regression, one with the LDL-C variable and the other 
with the non-HDL-C variable. The hazard ratio (HR) 
for LDL-C was 1.15 (95% CI: 0.94-1.39, p=0.166), 
while the HR for non-HDL-C was 1.45 (95% CI: 1.21-

MACE

Variables Total No Yes p 

Patients 403 (100) 308 (76.5) 95 (23.5)

Male    316 (78.8)    250 (81.7)     66 (69.5)  0.016

Age, years  64 (55-73)  63 (54.71)  67.50 (57, 77)  0.009

DM     67 (16.6)     54 (17.5)     13 (13.7)  0.470

TBQ     50 (12.4)     46 (14.9)      4 (4.2)  0.009

DLP    118 (29.3)     84 (27.3)     34 (35.8)  0.143

HTN    175 (43.4)    127 (41.2)     48 (50.5)  0.139

Adherence to statins    394 (97.8)    303 (98.4)     91 (95.8)  0.274

LDL-C  64 (50-85)  64 (50–80)  65 (52-94)  0.327

HDL-C  36 (30-44)  35 (30-42)  39 (30-48)  0.151

TG 114 (84-69) 109.50 (79-160) 140 (100-196) <0.001

TC 124 (103-49) 121 (102-140) 138 (118-177) <0.001

Non-HDL-C  87 (70-110)  84 (69-105) 102 (75-135) <0.001

RC 22 (13-33) 20 (14-31) 29 (17-48) <0.001

Follow-up in months   4 (1-10)  6 (1-11)  1 (1-4) <0.001

Qualitative variables are presented as frequency and percentage. Quantitative variables are presented as median and interquartile range or mean
DLP: dyslipidemia; DM: diabetes mellitus; HDL-C: high-density lipoprotein cholesterol; HTN: hypertension; LDL-C: low-density lipoproteins choles-
terol; Non-HDL-C: cholesterol not associated with high-density lipoproteins; RC: remnant cholesterol; TBQ: tobacco use; TC: total cholesterol;TG: 
triglycerides

Table 1. Baseline characteristics of the population and relationship with major adverse cardiovascular events (MACE)  
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LDL-C: low-density lipoprotein cholesterol; MACE: major adverse cardiovascular events; non-HDL-C: non-high-density lipoprotein cholesterol; RC: 
remnant cholesterol. 

Fig. 1. A: shows the relationship between RC and non-HDL-C according to LDL-C levels. Both groups exhibit a positive linear 
association between the two variables. However, the slope corresponding to the group with LDL-C < 55 mg/dL (blue line) is above 
the red line, indicating that, for the same RC value, these patients had higher levels of non-HDL-C. B: shows the comparison 
of non-HDL-C levels according to the occurrence of events (MACE), stratified by LDL-C levels. In both strata, patients who 
experienced events (red) had significantly higher levels of non-HDL-C compared to those without events (blue), with statistically 
significant differences.
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1.73, p < 0.001) (Figure 2). Patients with non-HDL-C 
levels within the target range had higher event-free 
survival at follow-up (p=0.001) (Figure 3). 

DISCUSSION 
During the first year of follow-up after the index 
event, 23.5% of the patients included experienced 
MACE. There were no significant differences in the 
occurrence of events according to LDL-C levels. Con-
versely, patients with MACE did not achieve non-
HDL-C and RC target levels, with median values of 
102 mg/dL and 29 mg/dL, respectively. Furthermore, 
non-HDL-Cl was identified as an independent predic-
tor of MACE during follow-up, in contrast to LDL-C, 
which did not demonstrate such an association.

In the SWEDEHEART registry, (17) which includ-
ed 56 262 patients with MI as their first cardiovascu-
lar event, 17% of patients experienced MACE during 
follow-up. The efficacy of proprotein convertase sub-
tilisin/kexin type 9 (PCSK9) inhibitors, alirocumab 

and evolocumab, compared with placebo, in reducing 
LDL-C and decreasing MACE was evaluated in two 
clinical trials (ODYSSEY and FOURIER). Despite 
achieving critical levels of LDL-C reduction (with 
medians of 38 mg/dL and 30 mg/dL, respectively), 
the incidence of MACE during follow-up in patients 
receiving monoclonal antibodies was 9.5% and 12.6%, 
respectively. (18,19) In our cohort, median LDL-C in 
patients with a new event during follow-up was 64 
mg/dL, very close to the target value suggested by in-
ternational guidelines.

The meta-analysis by Boekholdt et al. (20) showed 
a strong association between LDL-C and non-HDL-C 
values as predictors of MACE at follow-up, but the as-
sociation was stronger for non-HDL-C. Even in those 
patients who achieved LDL-C targets but did not do so 
for non-HDL-C, the HR was 1.32 (95% CI 1.17-1.50; p 
< 0.001). In the aforementioned Swedish registry, (17) 
baseline non-HDL-C levels were measured at the time 
of admission and at 1-year follow-up.The cumulative 



267PROGNOSTIC VALUE OF NON-HDL CHOLESTEROL IN STEMI / Ornella Pacce et al.

non-HDL-C: non-high-density lipoprotein cholesterol

Fig. 3. Major adverse cardiovascular events (MACE) according to non-HDL-C target
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Fig. 2. Cox regression model for major adverse cardiovascular events (MACE)

non-HDL-C

Age

Male

Hypertension

Diabetes

Current smoking

LDL-C

HR (95% CI)

0 1 2

LDL-C

non-HDL-C

Model



ARGENTINE JOURNAL OF CARDIOLOGY / VOL 93 Nº 4 / AUGUST 2025268

1. Giunta G, Lavalle Cobo A, Brandani L, Lobo M, Forte E, Mas-
son G, y cols. Consenso de Prevención Cardiovascular. Rev Argent 
Cardiol 2023;91 (Suplemento 3): 1-190. https//doi.org/10.7775/rac.
es.v91.s3
2. GBD 2021 Causes of Death Collaborators. Global burden of 288 
causes of death and life expectancy decomposition in 204 countries 
and territories and 811 subnational locations, 1990-2021: a system-
atic analysis for the Global Burden of Disease Study 2021. Lancet 
2024;403:2100-32. https://doi.org/10.1016/S0140-6736(24)00367-2.
3. Goldstein JL, Brown MS. A century of cholesterol and coronar-
ies: From plaques to genes to statins. Cell [Internet] 2015;161:161-
72. https://doi.org/10.1016/j.cell.2015.01.036
4. McEvoy JW, Jennings C, Kotseva K, De Bacquer D, De Backer G, 
Erlund I, et al. Variation in secondary prevention of coronary heart 
disease: the INTERASPIRE study. Eur Heart J  2024;45:4184-96. 
https://doi.org/10.1093/eurheartj/ehae558
5. Cholesterol Treatment Trialists’ (CTT) Collaboration. Effi-
cacy and safety of more intensive lowering of LDL cholesterol: a 
meta-analysis of data from 170 000 participants in 26 randomised 
trials. Lancet  2010;376:1670-81. https://doi.org/10.1016/S0140-
6736(10)61350-5
6. Guía ESC/EAS 2019 sobre el tratamiento de las dislipemias: 
modificación de los lípidos para reducir el riesgo cardiovascular. 
Rev Esp Cardiol 2020;73:403.e1-403.e70. https://doi.org/10.1016/j.
recesp.2019.10.031
7. Li T-Y, Zhu P, Song Y, Tang X-F, Gao Z, Gao R-L, et al. Discor-
dance analysis for apolipoprotein and lipid measures for predict-
ing myocardial infarction in statin-treated patients with coronary 
artery disease: a cohort study. J Geriatr Cardiol 2023;20:845-54. 
https://doi.org/10.26599/1671-5411.2023.12.001
8. Badimon L, Vilahur G, Padro T, Mendieta G. ¿Qué es el ries-
go cardiovascular residual? Etiología, lípidos e inflamación. Rev 
Esp Cardiol Supl 2023;23:5-8. https://doi.org/10.1016/S1131-
3587(23)00008-0
9. Zamorano JL, Cequier Á. New approaches in residual cardiovas-
cular risk. Introduction. Rev Esp Cardiol Supl 2023;23:1-4. https://
doi.org/10.5565/rev/rubrica.343
10. Brunner FJ, Waldeyer C, Ojeda F, Salomaa V, Kee F, Sans S, et 
al. Application of non-HDL cholesterol for population-based cardio-
vascular risk stratification: results from the Multinational Cardio-

REFERENCES

incidence rates by quartile of non–HDL-C reduction 
showed a clear separation of the survival curves. This 
finding demonstrates that a greater reduction in non-
HDL-C (≥ 85 mg/dL) was associated with a lower rate 
of adverse events at follow-up. Patients in the quartile 
with the greatest reduction exhibited a 37 % decrease 
in the risk of MACE (HR 0.63; 95 % CI 0.57-0.68), as 
well as a 21 % reduction in the risk of all-cause mor-
tality and a 49 % reduction in the risk of nonfatal MI 
(p < 0.001). In addition, the risk of MACE at one year 
of follow-up was significantly lower in patients who 
achieved the non-HDL-C target earlier and main-
tained it during the first year of follow-up (HR 0.80; 
95% CI 0.74–0.86). These results underscore the im-
portance of initiating treatment and achieving non-
HDL-C targets early after the index event to optimize 
long-term clinical outcomes. These findings are simi-
lar to those observed in our study, in which non-HDL-
C performed as an independent predictor of events 
with a HR of 1.45 (95% CI 1.21-1.73, p <0.001).

Two randomized clinical trials analyzed discrepan-
cies between apoB, non-HDL-C, and LDL-C levels to 
assess residual risk of MI. Elevated levels of apoB and 
non-HDL-C, but not of LDL-C levels, were associated 
with an increased risk of MI and all-cause mortal-
ity. In contrast, elevated LDL-C with discordant low 
apoB or non-HDL-C levels, did not show such an asso-
ciation. (7,21-23) Although our study did not include 
apoB measurement, these findings underscore the im-
portance of considering other lipid parameters in ad-
dition to LDL-C for better assessment of the residual 
risk in our patients.

In our study, LDL-C did not result a significant 
predictor of events; yet, its clinical role remains fully 
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in the field of cardiovascular prevention, with sub-
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supporting its intensive reduction. According to the 
leading international guidelines, such as those of the 
American College of Cardiology (ACC) and the Euro-
pean Society of Cardiology (ESC/EAS), it is recom-
mended that patients at very high cardiovascular risk 
achieve LDL-C levels of less than 55 mg/dL. (6,24) 
Therefore, our findings should not be interpreted as a 
disregard of the clinical importance of LDL-C. Rather, 
they should be seen as a call to broaden the focus to 
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CONCLUSION  
Our study highlights that, even with LDL-C levels 
close to the targets recommended by the guidelines, a 
significant percentage of patients still face a high risk 
of major cardiovascular events. Non-HDL-C proved to 
be a key marker for identifying this residual risk, un-
derscoring the need to consider it as a complementary 
tool for optimizing prevention and management strat-
egies in these patients.
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