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Introduction  

 

Cardiovascular disease is the leading cause of death. One of the main factors is obesity, which 

is on the rise. LDL levels below 0.55 g/L are recommended after ACS. To date, there are no 

specific recommendations for obese subjects. 

 

Objective  

 

The primary objective was to assess the impact of obesity on LDL-c target attainment 6 weeks 

after initiation of statin therapy in subjects admitted for ACS. The secondary objectives were 

to assess the evolution of cholesterol levels and to characterize lipid-lowering treatments. 

 

Methods  

 

The single-center observational study took place at Montpellier University Hospital and 

included patients admitted to the ICU for ACS not treated with statins (T0). Biological tests 

were performed at 6 weeks. At 3 months, a telephone call was made by two pharmacists to 

collect the results of their biological work-up and any therapeutic modifications. 

 

Results  

 

The results were analyzed on 286 patients. A total of 39.5% were overweight and 22.7% 

obese. After hospitalization, 95.4% were prescribed statins. At 6 weeks, LDL cholesterol 

averaged 1.58 mmol/L, lower in subjects with a BMI greater than 30 kg/m2 (1.32 mmol/L). 

On average, 49.46% of subjects reached the LDL cholesterol target, with obese subjects 

achieving a higher rate of 64.9%. There was no significant difference in the prescription of 

lipid-lowering treatments between the two groups. 

 

Conclusion  

 

Despite high-intensity statin prescription, the target was achieved by 67.6% of obese subjects 

and 44.8% of subjects with a BMI of less than 30 kg/m2. This shows that post-SCA 

management needs to be reinforced for the general population. 

 

  



Introduction 
 

 

According to the WHO, cardiovascular disease is the leading cause of death worldwide, and 

acute coronary syndrome (ACS) is its main manifestation [1]. 

 

Among cardiovascular risk factors, obesity and its complications play a key role. 

Furthermore, 39% of adults globally are overweight and 13% are obese. This prevalence is 

expected to rise to 22% by 2045 [2]. In the USA, obesity accounts for 11% of heart disease in 

men and 14% in women [3]. Additionally, 50% of subjects suffering from ACS are 

overweight and/or obese [4,5]. 

 

Obesity induces volume overload resulting in impaired left ventricular systolic and diastolic 

function [6]. In addition to the changes in cardiac structure and function induced by obesity, 

the increased risk of coronary heart disease is also explained by cardiometabolic disorders 

such as hypertension, dyslipidemia, and type 2 diabetes [7]. 

 

According to Mahmood et al. [8], women suffering from obesity are five times more likely to 

die from coronary heart disease than non-obese women, and the risk of coronary heart disease 

increases by 3.1% for every additional kilogram of body weight. Similarly, a 10% increase in 

body weight is associated with a 13% increase in coronary heart disease risk in men [8]. In 

addition, a meta-analysis of around 20 studies involving more than 300 000 people showed a 

30% increase in the risk of developing ischemic diseases for each 5-unit increase in BMI [9]. 

 

The latest European Society of Cardiology (ESC) guidelines set a low-density lipoprotein 

(LDL) target of less than 0.55 g/L (1.42 mmol/L) for patients following ACS. The initial 

strategy is based on high-intensity statin treatment prescribed to reach the LDL goal. It is 

recommended to combine ezetimibe if LDL goal is not achieved [10]. 

 

However, specific data on the efficacy of statin treatment and/or reaching LDL target 

regarding BMI are scarce. 

 

However, this is an important practical question, given the increasing prevalence of obesity. 

Further obesity may induce a change in the pharmacokinetics of treatments. Indeed, obesity 

has an impact on both digestive transit, which is accelerated, and on gastric emptying time, 

which is shortened. These modifications could lead to a decrease in solubilization and 

absorption of oral medications. Further, drug distribution may be affected during obesity as 

body fat leads to a significant increase in the volume of distribution of lipophilic drugs. These 

changes may lead to drug dose adjustments in subjects suffering from obesity [11] 

 

Surprisingly, there are no specific data on the impact of obesity on statin efficacy. To the best 

of our knowledge, the only data found in the literature are indirect answers to this question. 

Based on two Canadian prospective observational cohorts, Bhan et al. [12] highlight that the 

percentage of subjects with a history of cardiovascular disease or with diabetes reaching the 

LDL cholesterol (LDL-c) target was significantly lower in subjects suffering from obesity 

compared with non-obese subjects (45% in subjects suffering from obesity vs. 48.3% in 

normal-weight subjects). 

 

 

 



Furthermore, the DYSIS study, an international observational, multicenter study carried out in 

patients aged 45 or over, taking statins, found that subjects suffering from obesity required 

higher dose of statins and more frequent co-prescription of ezetimibe to reach the LDL target 

[13]. 

 

Therefore, the main objective of this observational study was to assess the impact of obesity 

on the LDL-c target achievement rate 6 weeks after initiation of statin in subjects admitted for 

ACS. 

 

The secondary objectives were to (1) assess the change in LDL-c levels between inclusion 

and after 6 weeks treatment regarding BMI and (2) characterize the lipid-lowering treatments 

in terms of type of molecule, dosage, and dose at discharge from hospital, at T6 weeks and at 

M3 according to BMI. 

 

 

Materials and methods 

 
The detailed method had already been described [14]. We conducted a monocentric 

prospective study in the ICCU (Intensive Cardiology Care Unit) of the Montpellier University 

Hospital. 

 

We included adult patients, who were admitted to ICCU for ACS (defined by ST-segment 

elevation myocardial infarction or non-ST-segment elevation myocardial infarction or 

unstable angina). 

 

Patients previously treated with a statin at the time of admission to the ICCU were not 

included, neither those with statin intolerance nor patients under guardianship or curatorship. 

 

 

 

Unfolding of the study 

 

The study was carried out in three stages: T0, T6 weeks, and T3 months. 

 

T0 represented the inclusion period, corresponding to the admission of subjects to the 

university hospital for ACS. At that time, patients were provided with an information letter 

about the study. 

 

Upon hospital discharge, patients received a prescription for their various treatments, as well 

as a prescription for a biological checkup including the lipid profile at six weeks in 

accordance with European guidelines [10]. T6 weeks corresponded to the sixth week after 

inclusion and, therefore, the time to perform lipid profile. T3 months corresponded to the 

telephone interview carried out by two pharmacists to collect data relating to the blood test 

and therapeutic modifications since discharge (Supplementary Figure S1, Supplemental 

digital content 1, http://links.lww.com/CAEN/A65). 

 

 

 

 



Study outcomes 

 

The primary endpoint was the percentage of non-obese and subjects suffering from obesity 

achieving the LDL-c target at T6 weeks after the introduction of statin. 

 

Achievement of LDL-c targets was assessed following the ESC 2023 guidelines for patients at 

very high cardiovascular risk (secondary prevention, LDL-c < 0.42 mmol/L). 

 

The secondary endpoints were as follows: 

 

(1) The change in LDL-c (in %) between hospital admission and T6 weeks treatment. 

 

(2) Assessment of statin treatment persistence at M3 after ACS according to obesity. 

 

(3) Assessment of different lipid-lowering treatments at M3 according to obesity. 

 

 

Data collection 

 

Various data were collected at inclusion: demographic data (age and sex); clinical data 

(weight, BMI, blood pressure, and medical history); biological data (lipid profile, liver profile, 

and blood sugar); patient’s level of education; and calculation of EPICES score (evaluation of 

precariousness and health inequalities in health examination center) is an individual indicator 

of precariousness which takes into account the multidimensional nature of precariousness. 

The EPICES score consists of 11 questions. The answer to each question is assigned a 

coefficient, and the sum of the 11 answers gives the EPICES score. The score is continuous 

and varies from 0 (no precariousness) to 100 (maximum precariousness). 

 

Six weeks after inclusion, the LDL-c value was collected to evaluate the effectiveness of the 

statin. 

 

Patients were considered lost to follow-up if there was no response after three consecutive 

calls (including voicemail) or an e-mail when an e-mail address was available in the patient 

file. 

 

 

Ethical procedure 

 

The study was approved by the local ethics committee (IRB ID: 202100815 15/04/2021). 

 

A letter of information was given to the patient, and their nonopposition was collected as 

recommended by the French authorities. Subject data were anonymized to ensure 

confidentiality. 

 

 

Statistical analysis 

 

The data were analyzed by the Montpellier University Hospital data management center 

(Medical Information Department, Montpellier University Hospital). Qualitative variables 

were described using the number (percentage) and were compared using the chi-square test or 



Fisher’s exact test. Quantitative variables were described in terms of mean •} SD and were 

compared between groups using a Student’s t-test if normality was respected, otherwise using 

a nonparametric test (Wilcoxon Mann–Whitney test). 

 

Factors likely to influence the achievement of the LDL-c target were studied using a 

conventional logistic regression model. 

 

A linear regression model was used to study the factors that could influence the variation in 

LDL-c levels between M3 and admission to hospital. 

 

All variables with a P-value <0.20 in univariate analysis were selected for multivariate 

analysis. A P-value ≤0.05 was considered statistically significant in the analysis. 

 

All analyses were performed using SAS software (version 9.04; SAS Institute, Cary, North 

Carolina, USA). 

 

 

Results 
 

Our study was conducted between 15 November 2021 and 18 February 2023. Five hundred 

forty patients were screened; 254 subjects were excluded; 16 died, 193 were lost to follow-up, 

45 refused to participate, and three had missing data (weight). The results were therefore 

analyzed on 286 subjects (Supplementary Figure S2, Supplemental digital content 1, 

http://links.lww.com/ CAEN/A65). 

 

 
Population description 

 

A total of 77.97% of the population were men, with an average age of 64 years. The average 

BMI was 26.9 kg/m2. 

 

Of the 286 subjects, 113 were overweight (39.5%) and 65 subjects from suffering obesity 

(22.7%). The three main comorbidities found were hypertension (38.1%) and diabetes (16%). 

 

The average EPICES score was 20.4, higher in the population suffering from obesity (25.5) 

(P= 0.01). All the characteristics of the subjects according to BMI are described in Table 1. 

 

http://links.lww.com/


History and comorbidities 

 

Biological work-up at T0 

 

On hospital admission, there was no significant difference in plasma LDL-c level, although it 

tends to be slightly higher. Triglyceride levels were significantly higher in subjects suffering 

from obesity (4.08 mmol/L) (P < 0.01) than in those with a BMI of less than 30 kg/m2 (3.54 

mmol/L) (Table 2). 

 

 
 

Treatment on discharge 

 

A total of 95.4% of the patients received statin treatment at hospital discharge. 

 

There was no difference in statin potency between people with and without obesity. A total of 

97% (P = 0.75) of subjects received a high-intensity statin, independently of BMI (BMI < 30: 

97.06% and BMI > 30: 96.83%). 

 

A total of 43.2% of the population received a prescription for dual therapy with Ezetimibe; 

this combination was slightly higher in the subjects suffering from obesity (49.2%) than in the 

population with a BMI < 30 kg/m2 (41.4%) (P = 0.27). 

 

 

 

Biological tests at 6 weeks postacute coronary syndrome 

 

One hundred eighty-two subjects underwent their biological control at 6 weeks. The mean 

LDL-c level for 6 weeks was 1.58 mmol/L. 



 

This level was lower in the subjects from suffering obesity 1.32 mmol/L than in the 

population with a BMI < 30 kg/m2 (P = 0.03). ASAT levels were significantly higher in the 

population suffering from obesity (31 vs. 24.6 IU/L; P = 0.04). There was no difference in 

high-density lipoprotein (HDL) or triglyceride levels, according to BMI (Table 3). 

 

 

Achievement of low-density lipoprotein cholesterol target 

 

Less than half of the subjects reached the LDL-c target (49.46%). 

 

Among people suffering from obesity, 64.9% achieved the target LDL-c level, compared with 

44.8% for the others (P = 0.03) (Table 3). 

 

 
 

Between T0 and T6 week, there was an average 76.3% reduction in baseline LDL-c levels, 

with a tendency to be higher in subjects suffering from obesity, although the difference did 

not reach significance (−73.6 vs. −86.4%; P = 0.16) (Fig. 1). 

 



 
 

Treatment with dual therapy lead to a decrease in LDL-c levels superior than the one observed 

with statin treatment in all groups, independently of BMI. 

 

Predictive factors associated with low-density lipoprotein cholesterol target reaching 

 

Predictive factors associated with reaching the LDL target, in univariate and multivariate 

analysis (Supplementary Table S1, Supplemental digital content 1, 

http://links.lww.com/CAEN/A65). 

 

In univariate analysis, there was an association between HDL, high blood pressure, and BMI 

on the risk of not reaching the LDL target. For the multivariate model, only the variables 

HDL at M3 and hypertension [odds ratio (OR): 0.312; P = 0.0020] were significant. 

 

An increase of 0.10 in HDL-c increases the risk of not reaching the LDL-c target. 

 

 

Treatment at 3 months postacute coronary syndrome 

 

At M3, 249 patients responded to the telephone interview. Of these patients, 97.8% were still 

being treated with statins. The proportion of patients receiving a statin at 3 months did not 

differ between those with a BMI > 30 and the others (100% vs. 97.4; P = 0.34). Similarly, 

there was no significant difference between these two groups in terms of statin potency 

(Supplementary Figure S3, Supplemental digital content 1, http://links.lww.com/CAEN/ A65). 

Thus, 93.3% of patients suffering from obesity were on high-intensity statins vs. 96.8% of the 

others (P = 0.14) (Fig. 2). Dual therapy with ezetimibe was slightly more frequent in patients 

with a BMI > 30, although this difference was NS (41.6 vs. 36.7%; P = 0.47) (Fig. 2). 

 

http://links.lww.com/CAEN/


 
 

 

Discussion 

 

This study highlighted the impact of obesity on LDL levels 3 months after the introduction of 

a statin following ACS in a cohort of 286 subjects admitted to UCI. We found that patients 

with BMI greater than 30 kg/m2 seemed more likely to achieve their LDL-c target (64.9 vs. 

44.8%). 

 

In our study, the proportion of subjects suffering from obesity (22.7%) was lower than in 

other studies, such as that of Hao et al. [15] where the prevalence was 37.4%, or in Martin-

Castellanos et al. [16] study, where it was 31.4%. 

 

Although our sample is relatively small, it seems representative of the French population, with 

sociodemographic characteristics similar to those found in the registries. Indeed, the risk 
factors observed were also similar to those collected in the French Registry of Acute ST-Elevation or 

Non-ST-Elevation Myocardial Infarction (FAST-MI) registry: arterial hypertension (53%), diabetes 

(22%), and active smoking (35%). In our study, these three risk factors were arterial hypertension 

(38%), diabetes (16%), and active smoking (42%) [17]. Tobacco consumption is quite high, with 42% 

of the population actively smoking. Cessation of smoking is considered one of the most effective 

measures, associated with a 36% reduction in mortality after myocardial infarction [18]. 

 

Triglyceride levels were significantly higher in the study population with a BMI over 30 kg/m2 (4,08 

mmol/L vs 3,54 mmol/L). These results are consistent with the DYSIS study, an international, 

observational, multicenter study of patients aged 45 or overtaking statins, which showed that subjects 

with a high BMI had higher plasma concentrations of total cholesterol and triglycerides [13]. 



The overall aim of the study was to assess the percentage of non-obese and subjects suffering from 

obesity achieving the LDL-c target. Six weeks after the ACS, 49.5% of patients in our study had 

reached the LDL-c target defined by European guidelines. 

 

A high BMI does not appear to be a risk factor in not achieving the LDL target. Indeed, 64.9% of 

patients suffering from obesity were at target, compared with 44.8% of those with a BMI < 30 kg/m2. 

This may be due to better compliance with treatment or better follow-up, as patients suffering from 

obesity often have other associated complications. 

 

Further, this greater LDL-c target attainment in subjects suffering from obesity than in subjects with a 

BMI < 30 kg/m2 in our study could be explained by a different baseline LDL level between the two 

groups, but this was higher at T0 (3.70 mmol/L vs. 3.54 mmol/L), so there is indeed a greater 

reduction in LDL-c −86.40 vs. 73.60% for subjects suffering from obesity. 

 

Another explanation for this difference could be due to a difference in initial statin dose or the use of 

dual therapy between the two groups, but we found no significant difference. Indeed, at inclusion, 

97% of subjects received a prescription for statins and 43.23% of the population for Ezetimibe 

treatment; the use of this treatment was slightly higher in the population suffering from obesity 

(49.2%). Moreover, treatment persistence was similar between the two groups at 3 months, with 

97.99% of the total population being treated with a statin, most often a high-intensity statin (95.9%). 

 

However, in two other studies, there was a difference in treatment between subjects suffering 

from obesity and those with a BMI < 30 kg/m2; in the DYSIS study, a higher dose of statins 

was used (20 vs. 15 mg/day) and ezetimibe was prescribed more frequently (10.5 vs. 3.2%) in 

subjects suffering from obesity than in those with a BMI below 30 kg/m2 [13]. Furthermore, 

the LEADER 5 study showed that patients with a higher BMI (>25 kg/ m2) took a greater 

number of statins and antihypertensives than normal-weight patients (67.9% vs. 75.9%) [19]. 

 

LDL-c target attainment was higher than in other studies [17,20]. 

 

This could be explained, at least in part, by a high intensity treatment regimen involving 

frequent prescription of ezetimibe (about half the patients). 

 

In contrast, in the FAST-MI 2015 study, only 19% of subjects achieved the LDL-c target [17]. 

Only 3% were prescribed ezetimibe. Similarly, in the DA VINCI study [20], carried out in 18 

European countries on 2128 subjects, the LDL target was only achieved by 18%. The use of 

statins in combination with ezetimibe concerned only 9% of subjects, with this combination 

achieving the LDL target in 20% of cases. 

 

This may be explained by the lower potency of the statin: in the FAST-MI study, only 47% of 

subjects received a high-intensity statin at hospital discharge, while in the DA VINCI study, 

this figure was only 36.7%. 

 

In our study, 97% of subjects were on high-intensity statins, which explains why the LDL-c 

target was better achieved. 

 

We also found that the LDL-c target was better achieved in people with a BMI greater than 30 

kg/m2, which contradicts the study by Bhan et al. [12] who showed, from two Canadian 

prospective observational cohorts, that the percentage of subjects with a history of 

cardiovascular disease or diabetes achieving the LDL-c target was significantly lower in 

subjects suffering from obesity (45%) than in non-obese subjects (48.3%). 

 



Using a multivariate model, we showed that BMI had no influence, only the variables HDL at 

M3 and hypertension (OR: 0.312; P = 0.0020) were significant. 

 

A 0.10 increase in HDL-c increases the risk of not reaching the LDL-c target. Arterial 

hypertension has been shown to reduce the risk of not reaching the LDL-c target. Indeed, in 

Milogo’s retrospective study, 84.2% of hypertensive patients had dyslipidemia [21]. There is, 

therefore, a link between hypertension and LDL-c. 

 

 

Limitations 

 

There are several limitations to our study. First, the study is monocentric; it would have been 

interesting if it had been carried out in different centers to generalize the results. However, as 

this is mainly a mechanistic study, we do not think it could impact our conclusions, but local 

practices such as the prescription of ezetimibe could limit comparisons. 

 

We were confronted with 190 subjects who were lost to follow-up, which resulted in a loss of 

data and a lower number of subjects included. Having more subjects could have increased the 

statistical power of the study. 

 

The large number of patients lost to follow-up could be explained by the fact that not all 

subjects resided in Montpellier or the surrounding area, and therefore carried out their follow-

up in other hospitals or private practices, or by the fact that subjects were given a 

nonopposition form to participate, rather than a consent form. Signing a consent form would 

perhaps help to retain patients. 

 

It would have been interesting to collect data from patients lost to follow-up, to better 

understand the mechanisms of this type of subject. 

 

Despite these limitations, the study was carried out under real-life conditions. 

 

 

Conclusion 

 

The results of the single-center study show that post- ACS management must continue to be 

strengthened and improved, particularly in patients with a BMI of less than 30 kg/m2, to 

achieve the LDL-c target, set by the ESC. 

 

This highlights the fact that the drug strategy does not need to be modified for people 

suffering from obesity. Rather, it should be reinforced for all types of patients. 

 

Despite the prescription of high-intensity statins, half the population reached this target. A 

total of 67.6% of subjects suffering from obesity achieved the target, compared with 44.8% of 

subjects with a BMI of less than 30 kg/m2. 

 

A multidisciplinary team could improve follow-up after ACS to achieve the LDL-c target and 

avoid other complications. 
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