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Abstract

Introduction: Despite well-documented benefits of  intensive lipid-lowering treatment, the use of statins in patients with 
chronic coronary syndrome remains suboptimal. Statin dose is often reduced after reaching low-density lipoprotein choles-
terol (LDL-C) target.
Aim of the research: The purpose of the study was to assess changes in LDL-C levels following lipid-lowering therapy reduc-
tion during cardiac rehabilitation (CR).
Material and methods: A total of 162 patients with a very high cardiovascular risk (target LDL-C levels of < 55 mg/dl), in 
whom LDL-C levels were measured at the beginning and end of phase 2 of CR, were selected out of a single-centre retrospec-
tive registry of 518 patients.
Results: Patients had no contraindications to continue high-dose lipid-lowering therapy. Prior to undergoing CR, 63 (38.9%) 
patients had reached their target LDL-C levels and the statin or ezetimibe dose was reduced in 18 patients, increased in  
2 patients, and unchanged in 43 patients. During CR the mean LDL-C levels in the study group decreased significantly from 
70.5 ±37.1 mg/dl to 56.2 ±21.5 mg/dl (p = 0.0002). Conversely, patients who had their lipid-lowering therapy reduced, showed 
a significant increase in their LDL-C levels from 32.6 ±13.2 mg/dl to 46.5 ±15.5 mg/dl (p = 0.0004), with 6 (33.3%) patients 
exceeding their target LDL-C levels. At CR completion, a total of 77 (47.5%) patients failed to maintain their target LDL-C 
levels (< 55 mg/dl).
Conclusions: Reducing of well-tolerated lipid-lowering therapy may lead to the loss of target LDL-C levels. These results 
emphasise the importance of continuing lipid-lowering therapy at effective doses even after reaching target LDL-C levels.

Introduction

Dyslipidaemia is one of the key cardiovascular risk 
factors for cardiovascular disease, stroke, and periph-
eral artery disease [1]. Elevated low-density lipopro-
tein cholesterol (LDL-C) levels are the main risk factor 
for atherosclerosis development and progression [2] 
and coronary event recurrence [3, 4]. Prognosis may 
be improved with a multidirectional approach, such 
as a  combination of  diet and lifestyle modifications 
and lipid-lowering therapy [3], mainly with the  use 
of  statins [2, 5–7]. This approach is introduced dur-
ing cardiac rehabilitation (CR), including hybrid CR, 
which combines inpatient care and at-home telereha-
bilitation, thus extending the period of care anywhere 
from 6 weeks to 3 months.

Many authors have addressed the  issue of  lipid-
lowering therapy reduction either after target LDL-
C levels are reached or irrespective of  LDL-C levels 

[8–10]. Unfortunately, few patients reach target LDL-
C levels, which was demonstrated in the  3ST-POL 
study (with only 12.6% of high-risk Polish outpatients 
achieving LDL-C levels of < 55 mg/dl [11]). These un-
satisfactory outcomes are partly a  result of  patients’ 
and physicians’ concerns about the  side effects and 
their lack of  conviction as to the  validity of  intense 
pharmacotherapy [12]. 

The goal of secondary prevention with lipid-low-
ering therapy in very-high-risk patients (particularly 
those with evidence of  atherosclerotic plaques or 
a  history of  coronary revascularization or an aortic 
aneurysm) is to lower LDL-C levels to < 1.4 mmol/l 
(< 55 mg/dl) and to reach at least a  50% reduction 
in LDL-C levels in comparison with baseline [3, 13]. 
European Society of Cardiology (ESC) guidelines on 
chronic coronary syndromes (2019) and cardiovascu-
lar disease prevention (2021) [5, 14] focused mainly on 
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reaching the therapeutic target, in the form of LDL-C 
levels. Since further management after reaching  
LDL-C levels of  < 55 mg/dl has not been specified, 
a number of clinicians have been lowering statin dos-
age once target LDL-C levels had been reached.

Aim of the research 
The  purpose of  this study was to assess changes 

in serum LDL-C levels following reduction in of lip-
id-reducing treatment in patients with a  very high 
cardiovascular risk who had reached the therapeutic 
target during CR.

Material and methods 
A single-centre retrospective review of the medical 

records was performed in patients who were  eligible 
for CR in the period from February 2022 to March 2024. 
From the  total of 518 patients included in the  study, 
a group of 162 patients at a very high cardiovascular 
risk (with the  target LDL-C levels of < 55 mg/dl), in 
whom serum LDL-C levels were measured during eli-
gibility screening for CR (serum LDL-C levels within 
56 days after the coronary intervention) and, again, af-
ter at least 6 weeks (i.e. at the end of the second phase 
of CR), with a maximum interval between the two LDL-
C measurements of 90 days.

The analysed data included comorbidities, the ini-
tially introduced medical treatment and its later mod-
ifications, and serum LDL-C levels. LDL-C levels were 
measured directly, with an enzymatic colorimetric 
method and the COBAS c 503 analytical unit.

Statistical analysis

Statistical analysis was conducted with Statistica 
version 12.0 (StatSoft, Tulsa, OK, USA). The  distri-
bution of  continuous variables was evaluated with 
the  Shapiro–Wilk test. Continuous variables with 
a normal distribution were expressed as means ± stan-
dard deviation (SD), and those with a non-normal dis-
tribution were expressed as medians and interquartile 
ranges (IQR: Q1–Q3). A non-parametric Wilcoxon test 
was used to assess the statistical significance of chang-
es in LDL-C levels during CR in the entire study popu-
lation. A sign test was used in the subgroup of patients 
who had their lipid-lowering therapy reduced after 
reaching the  therapeutic goal, due to the  small size 
of that subgroup (n = 18). The change in the propor-
tion of  patients with LDL-C < 55 mg/dl and LDL-C  
≥ 55 mg/dl was assessed with McNemar’s test. All 
tests were two-tailed; and the  statistical significance 
was set at p < 0.05.

Results

Out of 162 patients, 80% were male. The mean pa-
tient age was 63 years, and the median left ventricular 
ejection fraction was 53%. All patients were charac-

terized by/had a very high cardiovascular risk, with  
160 (98.8%) patients having undergone coronary re-
vascularization (Table 1). 

The mean pre-CR LDL-C levels were 70.5 ±37.1 mg/dl, 
and post-CR levels were significantly decreased at 56.2 
±21.5 mg/dl (p < 0.001).

Only 63 (38.9%) patients with a  history of  coro-
nary intervention had reached their target LDL-C lev-
els of < 55 mg/dl prior to CR, whereas most of the pa-
tients (61.1%) failed to reach their therapeutic target. 
Following CR completion, the proportion of patients 
with a serum LDL-C level of < 55 mg/dl increased by 
13.5%. Nonetheless, as many as 77 (47.5%) patients 
still failed to reach their therapeutic target, despite at 
least eight weeks of lipid-lowering therapy (Figure 1).

Out of the patients who reached the target LDL-C 
levels prior to CR (n = 63, 38.9%) and had no contra-
indications to continue high-dose lipid-lowering ther-
apy, the  statin dose was lowered in 16 patients and 
increased in 2 patients, ezetimibe was discontinued 
in 2 patients, and the  treatment regimen remained 
unchanged in 43 patients. The  decision regarding 
modification of lipid-lowering therapy was taken in-
dividually by the cardiologist.

A follow-up test after CR completion showed a sig-
nificant increase in LDL-C levels (from 32.6 ±13.2 mg/dl 
to 46.5 ±15.5 mg/dl; p = 0.0004) in patients with re-
duced lipid-lowering treatment, with 6 patients (33.3%,  
p = 0.025) showing loss of target LDL-C levels (Table 2).

Discussion

Modifying medical treatment soon after a  coro-
nary intervention, when the  patient remains under 
specialist care during CR, may have important impli-
cations for further outpatient management by prima-
ry care doctors or cardiologists. Medical treatment op-
timisation is an important element of comprehensive 
CR. Relevant guidelines emphasise the  significance 
of  appropriate lipid-lowering therapy in patients 
with a very high cardiovascular risk [5–7]. The goal 
of treatment is to reach the recommended LDL-C lev-
els, which was achieved in just over a half of patients 
after CR (52.5%). This was to a large extent due to lip-
id-lowering treatment reduction/de-escalation during 
eligibility screening for CR once the therapeutic LDL-
C levels were reached.

Improved serum lipid level control during CR 
was reported by many authors [15–17]. This had been 
achieved through medical treatment, increased physical 
activity, and good dietary recommendations [18–20].

The most recent ESC guidelines for the manage-
ment of acute coronary syndromes (2023) and chronic 
coronary syndromes (2024) [6, 7] highlighted the need 
for long-lasting treatment with statins at a maximum 
tolerated dose. Failure to reach the  therapeutic goal 
indicates the  need for medical treatment escalation 
and introduction of  such treatments as proprotein 
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Table 1. Clinical characteristics of the study population 

Parameter Study population, n = 162

Age, mean (SD) 63 (10)

Men, n (%) 129 (80)

BMI [kg/m2], mean (SD) 27.7 (4.1)

HR [min–1], mean (SD) 65 (8)

SBP [mm Hg], mean (SD) 119 (17)

DBP [mm Hg], mean (SD) 70 (10)

Left ventricular ejection fraction [%], median (IQR) 53 (48–60)

Coronary artery revascularization, n (%) 160 (98.8)

PCI, n (%) 159 (98.2)

CABG, n (%) 6 (3.7)

PCI and CABG, n (%) 5 (3.1)

Comorbidities, n (%)

Previous myocardial infarction 101 (62.4)

Heart failure 49 (30.3)

Arterial hypertension 114 (70.4)

Diabetes mellitus type 2 44 (27.2)

Peripheral artery disease 7 (4.3)

Chronic kidney disease 2 (1.2)

Laboratory tests during qualification to the cardiac rehabilitation [mg/dl], mean (SD)

TC 130.6 (43.9)

LDL-C 70.5 (37.1)

HDL-C 43.5 (12.5)

TG 120.4 (66.3)

FG 101.8 (33.6)

Creatinine 1.03 (0.4)

Medications, n (%)

Statin 105 (64.8)

Statin with ezetimibe 57 (35.2)

ACE/ARB 154 (95.1)

BB 140 (86.4)

CB 46 (28.4)

DIU 62 (38.3)

MRA 36 (22.2)

Metformin 39 (24.1)

Flozin 44 (27.2)

Amiodaron 2 (1.2)

ACE – angiotensin-converting enzyme inhibitors, ARB – angiotensin receptor blockers, BB – beta-adrenergic receptor antagonists,  
CABG – coronary artery bypass grafting, BMI – body mass index, CB – calcium channel blockers, CR – cardiac rehabilitation, DBP – diastolic 
blood pressure, HR – heart rate, DIU – diuretics, FG – fasting glucose, HDL-C – high-density lipoprotein cholesterol, MRA – mineralocorticoid 
receptor antagonists, LDL-C – low-density lipoprotein cholesterol, PCI – percutaneous coronary angioplasty, SBP – systolic blood pressure, 
SD – standard deviation, TC – total cholesterol, TG – triglycerides.
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convertase subtilisin/kexin type 9 (PCSK9). Some au-
thors decidedly recommend an initial high-intensity 
statin therapy (80 mg atorvastatin, 20–40 mg rosuv-
astatin) in combination with 10 mg ezetimibe and 
continuation of this treatment after the LDL-C target 
of  < 55 mg/dl (1.7 mmol/l) has been reached in pa-
tients with a high and very high cardiovascular risk 
[13]. Those authors pointed out that the  2023 ESC 
guidelines for the management of acute coronary syn-
dromes repeatedly emphasised the need for treatment 
with a  statin at the highest tolerated dose; however, 
the  lack of  changes in the  treatment regimen after 
the therapeutic goal has been reached was explicitly 
described only in one figure (no. 18) from that paper. 
The results of our study unequivocally demonstrated 
that lipid-lowering treatment reduction once the tar-
get LDL-C level had been reached, led to a significant 
increase in LDL-C levels with a loss of the target levels 
in a considerable proportion of patients. 

Lowering the dose of well-tolerated lipid-lowering 
treatment may be a result of either patient nonadher-
ence [9, 21] or both doctors’ and patients’ concerns 
about potential side effects of statins. It is worth not-
ing that no risks associated with low LDL-C levels 
have been demonstrated in randomised clinical trials 
[22] and that serious side effects of statins are rare and 
include rhabdomyolysis in 1 out of  10,000 patients/
year [23], hepatotoxicity (4%) [24], impaired cognitive 
function (0.08%) [22], and hemorrhagic strokes (0.9%) 
[25, 26]. Studies showed no association between low 
LDL-C levels and the  suggested development of  de-
mentia [27, 28]. Conversely, a lack of statin treatment 
has been repeatedly demonstrated to increase the risk 
of  cardiovascular events and mortality [29]. There 
have been a number of studies focusing on reaching 
target LDL-C levels and evaluating the risk of devel-
oping a  cardiovascular event following discontinua-
tion of adequate treatment [29–31]. 

The IDEAL study evaluated de-escalation of lipid-
lowering therapy after reaching a  therapeutic goal 
of 39 mg/dl [32]. The study demonstrated ineffective-
ness of that type of treatment, which failed to achieve 
the predetermined minimum LDL-C levels. The deci-
sion to de-escalate lipid-lowering therapy during CR 
may be considered definitive and be upheld during 
subsequent outpatient management even despite an 
increase in LDL-C levels and loss of  the  previously 
reached therapeutic goal.

Our study sample size was relatively small, and 
the study had not been designed to assess the effec-
tiveness of treatment reduction instead it was merely 
a retrospective observational study of clinical practice 
at a single centre. The practice of refraining from lipid-
lowering therapy de-escalation was being introduced 
at the  study centre already after the  evaluated peri-
od had begun, which may have affected the  results 
of our analysis (underestimation of the problem). As-
sessing how common this type of management is and 
evaluating its effects requires further studies in large 
groups of patients. 

Conclusions

Reduction of well-tolerated lipid-lowering therapy 
after target LDL-C levels have been reached may lead 
to increased LDL-C levels and loss of target LDL-C lev-
els. Therefore, the therapy should be continued with 
periodic monitoring of its effectiveness and safety.

Figure 1. The proportion of patients with LDL-C < 55 mg/dl 
and ≥ 55 mg/dl prior to and after cardiac rehabilitation 

CR – cardiac rehabilitation.
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Table 2. Changes in LDL-C levels in the group of patients (n = 18) whose lipid-lowering therapy was reduced after their 
therapeutic target had been reached 

LDL-C before CR [mg/dl] LDL-C after CR [mg/dl] P-value

Mean ± SD: 32.8 ±13.2 Mean ± SD: 46.5 ±15.5 < 0.001

Min.–max.: 12–54 Min.–max.: 18–77

IQR: 21–43 IQR: 38–59

LDL-C – low-density lipoprotein cholesterol.
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