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Abstract:

Background: The aim of the study was to analyze the effectiveness of lipid-lowering therapy and therapeutic decisions made by

physicians for patients not achieving LDL targets.

Methods: 11,768 patients undergoing therapy with statins for secondary prevention of atherosclerosis participated in a two-visit sur-

vey. In subjects not achieving the LDL-target (< 100 mg/dl), further therapeutic decisions made by physicians were recorded.

Results: Initially the LDL-target was achieved by 7.8% of patients on simvastatin and by 18.0% on atorvastatin, of which 20.8%

were treated with at least a 40 mg dose. The most common changes in therapy to improve effectiveness was substituting simvastatin

for another statin (75.2%, usually atorvastatin), or increasing atorvastatin dosage (59.8%). Intensification of a low fat diet and weight

reduction were more frequently recommended in treatment with atorvastatin than with simvastatin (59.8% vs. 55.9%, p < 0.001). After

enhanced therapy, the LDL-target was achieved by 27.8% on simvastatin and by 35.0% on atorvastatin (p < 0.001). In those with LDL

levels remaining above the target, substitution of simvastatin with atorvastatin (49.9%), or the increase of atorvastatin dose (41.4%) was

recommended. As previously, life-style counseling was more frequent in patients on atorvastatin (66.1% vs. 45.7%; p < 0.001).

Conclusions: 1. The use of low dose statins and noncompliance with behavioral modification guidelines are responsible for the low

levels of effectiveness found with lipid-lowering therapies. 2. Physicians prefer substitution of less effective statins over the increase

of dose in patients not achieving LDL targets. 3. Life-style changes are under-prescribed by physicians and under-implemented by

their patients.
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Introduction

The use of inhibitors of 3-hydroxy-3-methyl-glutaryl-

CoA reductase, statins, constitutes one of the corner-

stones of the secondary prevention of atherosclerosis.

The meta-analysis of 14 randomized trials with statins,

including data from 90,056 individuals, revealed that

the use of statins for 5-years is followed by a 19% de-

crease in coronary mortality [1]. A proportional re-

duction of LDL cholesterol level and the occurrence

of major vascular events were also observed.

Based on the results obtained in these trials, Ameri-

can, European, and Polish Cardiac Societies devel-

oped guidelines for secondary prevention of cardio-

vascular diseases. These guidelines call for patients
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who previously suffered myocardial infarction and

stroke to reduce serum LDL-cholesterol levels consid-

erably below 100 mg/dl (2.5 mmol/l). These guidelines

also stipulate that in patients with numerous risk factors,

the target should be below 70 mg/dl (1.8 mmol/l). The

use of statins and non-pharmacological methods

(weight reduction, increased physical activity, low

saturated fatty acids diet) are the recommended thera-

pies to achieve these targets [4].

Currently, there are 5 statins registered in Poland:

atorvastatin, fluvastatin, lovastatin, simvastatin and

the recently popularized rosuvastatin. These drugs

differ in pharmacokinetics, effectiveness, and costs.

Atorvastatin and rosuvastatin are the most potent of

the statins available. The effectiveness of statins is

dose dependent; however, the effects are not propor-

tional to the dose. It was shown that doubling of the

dose lowers LDL cholesterol levels by only 6% on av-

erage [5]. The maximum doses of simvastatin and

atorvastatin should not exceed 80 mg per day and it

was demonstrated that such doses decrease circulating

LDL cholesterol level by 45.8–51.1% [10]. Not all of

the clinical effects of statins can be explained by their

lipid lowering properties. Anti-inflammatory effects

seem to be among the most important pleiotropic ac-

tions of statins [3, 6].

The results of European surveys revealed that

a large population of patients treated for secondary pre-

vention of atherosclerosis with statins did not reach the

recommended LDL-cholesterol values [13]. It should

be emphasized that the percentage of patients achiev-

ing the LDL targets according to the guidelines are sig-

nificantly lower in surveys than in the clinical trials.

The reasons for these differences are lower levels of

motivation for lifestyle changes, administration of

lower statins doses, as well as a choice of less effective

drugs. The results of the REALITY trial conducted in

10 European countries over approximately 15 months,

among 58,000 patients, demonstrated low effectiveness

in reaching LDL-cholesterol targets using low dose

statins (5 mg of atorvastatin, 10 mg of simvastatin,

20 mg of pravastatin) [13]. Furthermore, the TARGET

TANGIBLE trial conducted in Germany, among 3,748

patients with coronary artery disease, demonstrated

that 54% of the study subjects had received 40 mg of

simvastatin because recommended LDL level was not

achieved at lower doses [8]. Moreover, in the Scandi-

navian 4S trial, 35.7% of patients required an increase

in simvastatin dosage to 40 mg, as the lower doses

were not sufficient [2].

Although the guidelines of cardiologic societies are

widely disseminated in various forms, daily clinical

practice does not always reflect their usage. Such

a situation may be caused by numerous factors such

as the limited time physicians dedicate to convince

patients of the importance of non-pharmacological

methods (diet and physical activity), lack of perceived

value by physicians and patients, and the fear of ad-

verse drug reactions in high dose treatment that pre-

cludes intensification of therapy and consequently the

acceptance of subtherapeutic doses. The alternative to

the use of high doses of statins is the use or substitu-

tion of more effective medications.

The aim of this study was the analysis of the effec-

tiveness of lipid-lowering therapy and therapeutic de-

cisions made by physicians for patients not achieving

the recommended LDL targets for the secondary pre-

vention of atherosclerosis.

Materials and Methods

In this survey, 23,060 patients were interviewed nation-

wide by 1,153 Polish physicians working in primary

healthcare centres and specialty outpatients clinics. The

inclusion criteria were the use of non-pharmacological

methods used with a statin for at least 3 months for the

secondary prevention of cardiovascular diseases and the

obtaining of LDL-cholesterol assessment within the pre-

vious 3 months. There was no exclusion criterion to allow

the analysis of lipid-lowering therapy effectiveness in the

general Polish population and physicians decisions made

in daily clinical practice. The role of the physician partici-

pating in the survey was to fill out questionnaires for 20

patients that fulfilled the inclusion criteria. The survey did

not meet the criteria of a medical experiment and thus did

not require ethics committee approval.

The study questionnaire included demographic data

(age, sex, place of residence, education), anthropomet-

ric data (body mass, height), risk factors for cardiovas-

cular diseases (smoking habits, alcohol abuse, low

physical activity), clinical course of cardiovascular

diseases (coronary artery disease, revascularization

procedures, heart failure, carotid artery stenosis, arte-

rial hypertension), and current statin therapy (its dura-

tion and drug dose). Physicians were asked to record

the serum level of LDL-cholesterol (assessed within

the previous 3 months). When the LDL level ex-
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ceeded 100 mg/dl, the physician was asked to disclose

the actions taken to achieve the recommended Polish

Cardiac Society target (increase of the dose, substitu-

tion for other statins, intensification of low fat diet

and weigh reduction). Patients were also interviewed

for the compliance with low fat diet.

During the subsequent visit, patients were asked if

they were following the recommendations or what pre-

vented them from doing so (adverse drug reactions, ir-

regular use of drugs, not purchasing the drug, belief that

the cholesterol-lowering treatment is unnecessary). Phy-

sicians were asked for the results of the control LDL-

cholesterol assessment and any further actions taken in

the event the therapeutic target was not achieved.

On the basis WHO criteria, study subjects were

classified as underweight, normal weight, overweight

and obese (< 18.5, 18.5–24.9, 25–29.9 and ³ 30 kg/m2,
respectively).

Forty nine percent of the survey participants were

excluded from the analysis as they did not meet the

inclusion criteria (secondary prevention). Thus, the

analysis included 11,768 (51%) eligible survey par-

ticipants. The average doses of statins and the per-

centage of patients who were taking higher than aver-

age doses of drugs were calculated. The effectiveness

of therapy was calculated separately for different

statins. Analyses of therapeutic decisions taken by the

physicians in order to achieve LDL-cholesterol goals

were made. Analogous analysis of treatment effec-

tiveness and decisions taken during the follow up visit

for patients not achieving recommended LDL-choles-

terol target level was performed.

Statistical analysis was performed using the STA-

TISTICA 8.0 PL software package. Values of vari-

ables were presented as percentages and the mean val-

ues with standard deviations (SD). Separate groups

were compared using the c
2 test, and RIR Tukey test.

The risk coefficient (odds ratio) was calculated based

on logistic regression analysis. The value of p < 0.05

was considered to be statistically significant.

Results

Characteristics of study subjects

Demographic characteristics of 11,768 patients treated

for secondary prevention of atherosclerosis with
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Tab. 1. Characteristics of study subjects (N = 11,768)

Age (years) 64 ± 10

Age ³ 65 (%) 47.8

Gander male/female (%) 61.3/38.7

Place of residence (%)

Rural areas 27.3

City with population of 2,000 31.7

City with population of 50,000 – 200,000 24.0

City with population of 200,000 17.0

Education (%)

Primary 18.1

Vocational 33.1

Secondary 33.3

Post Secondary 15.5

BMI (kg/m2) 28.9 ± 4.3

Underweight (%) 0.2

Normal weight (%) 15.0

Overweight (%) 50.1

Obese (%) 34.7

Smoking (%) 52.3

Low physical activity (%) 62.9

Alcohol (%)

Abstainers 18.8

Drinkers > 30 g/daily 16.3

Coronary artery disease (%) 89.6

Past myocardial infarction (%) 70.6

Past PTCA (%) 38.4

Past CABG (%) 13.1

Left ventricular failure (%) 14.4

Past stroke (%) 21.5

Carotid artery stenosis (%) 5.4

Arterial hypertension (%) 71.8

Used HMG-CoA reductase inhibitors (statins)

Atorvastatin

daily dose (mg)

5001 (42.5%)

23.0 ± 9.9

Fluvastatin

daily dose (mg)

59 (0.5%)

30.0 ± 14.1

Lovastatin

daily dose (mg)

188 (1.6%)

26.3 ± 15.9

Simvastatin

daily dose (mg)

6520 (54.4%)

23.9 ± 9.5



statins for 34 ± 32 months (max. 20 years) on average

is presented in Table 1. The age of 47.8% of study

subjects was 65 years or more. Overweight and obe-

sity were diagnosed in 84.8% of study subjects. Low

physical activity was reported by 62.9% of the study

subjects and 54.4% adhered to the recommended low

fat diet. More than half of patients (52.3%) reported

smoking, and 16.3% were addicted to alcohol (Tab. 1).

Ten thousand five hundred-thirty-four (10,534)

(89.6%) of the study subjects were suffering from

clinically significant coronary artery disease (prior

myocardial infarction or coronary revascularization

procedure), 21.5% past stroke, and 5.4% were diag-

nosed with carotid artery stenosis (Tab. 1).

The most frequently administered statins were sim-

vastatin (54.4%) and atorvastatin (42.5%) (Tab. 1,

Fig. 1). High doses (at least 40 mg) of simvastatin

and atorvastatin were used only in 20.8% and 20.7%

of patients, respectively. The mean serum LDL-chol-

esterol concentration in subjects treated with atorvas-

tatin was significantly lower than in those treated with

simvastatin (125 ± 35 mg/dl vs. 135 ± 29 mg/dl, re-

spectively; p < 0.001). A total of 18.0% of patients

who were treated with atorvastatin and 7.8% treated

with simvastatin reached recommended LDL-chol-

esterol targets (Fig. 2). The effectiveness of lovastatin

and fluvastatin based therapy was significantly worse.

Only 1.1% of study subjects that were treated with lo-
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vastatin and only 1.7% treated with fluvastatin reached

the recommended LDL-cholesterol target.

The effectiveness of the therapy was inversely re-

lated to nutrition status. The efficacy was highest in

normal weight (16.7%), significantly declined in

overweigh (13.1%), and in obese subjects was lowest

(8.8%) – Figure 3. In a similar pattern, compliance to

a low fat diet was significantly lower in the overweight

and in obese (53.6 and 49.1%, respectively) compared

to subjects of normal weight. (63.2 %). Furthermore,

sedentary life style was more prevalent in obese and

overweight compared to normal weight subjects (71.8,

62.6 and 56.9%, respectively) – Figure 4.

Among subjects who did not reach the recom-

mended LDL-cholesterol target, the percentage of

study subjects on high (at least 40 mg daily) doses of

atorvastatin or simvastatin was 14.9 and 19.0%, re-

spectively.

Actions taken for improvement of the therapy

effectiveness

The recommended LDL-cholesterol level was not

achieved by 6,012 study subjects treated with simvas-

tatin and 4,101 with atorvastatin. The most common

action taken for improvement of the therapeutic effec-
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tiveness in subjects treated with simvastatin was sub-

stitution for other statin (75.2%), overwhelming ator-

vastatin (98.1%), while an increase of the daily dose

was prescribed only in 16.3% (Fig. 1). Additionally,

55.9% of study subjects also received counselling

which recommended a low fat diet and weight reduc-

tion (Fig. 3). In study subjects treated with atorvasta-

tin, the most frequent intervention was increasing the

daily dose (59.8%) – Figure 1. An alternative medica-

tion was rarely recommended (1.1%). The atorvasta-

tin group received counselling regarding intensifica-

tion of low fat diet and weight reduction more fre-

quently than subjects treated with simvastatin (59.8%,

p < 0.001) – Figure 5.

Among study subjects treated using lovastatin or

fluvastatin, the most common decision was substitu-

tion for other statin (81.2 and 79.7%, respectively).

Less frequent was an increase of the daily dose (12.4

and 20.3%, respectively). Intensification of low fat

diet and weight reduction was recommended in 62.4

and 61.0% of subjects, respectively.

Only in 0.9% of study subjects was no action taken

in order to achieve higher effectiveness of therapeutic

measures, especially in subjects treated with atorvas-

tatin (2.0%) and in subjects taking statins in an irregu-

lar manner.

The effectiveness of intervention

Ten thousand two hundred sixty-two (10,262) study

subjects (87.2% of all participants) returned for

a follow-up visit (Fig. 1). Prior to the visit, serum

LDL-cholesterol level was reassessed in 8,466

(82.5%) of subjects (111 ± 24 mg/dl in average).

More than thirty (33.9%) of study subjects reached

the recommended LDL-cholesterol target, more often

in those treated with atorvastatin rather than with sim-

vastatin (35.0 vs. 27.8%; p < 0.001) – Figure 2. The ef-

fectiveness of the therapy with atorvastatin was 40%

greater than with simvastatin (OR = 1.40 (1.24–1.58),

p < 0.001), and was decreased in overweight (OR =

0.75 (0.66–0.85), p < 0.001) and obese study subjects

(OR = 0.74 0.65–0.85, p < 0.001).

The percentage of study subjects that complied

with a low fat diet increased on follow up to 85.3%.

The mean observed weight loss in all study subjects

was 1.0 ± 2.1 kg.

Almost all (92.2%) of study subjects insisted they

appropriately complied with the medication regiment,

whereas 4.8% reported taking the drug on an irregular

basis, 1.7% ceased the therapy reporting side effects

attributed to the statin, while 0.9% did not purchase

the prescribed statin and 0.4% did not appreciate the

value in any change.

Further action taken for improvement of

effectiveness of therapy

In the subset of study subjects treated with simvastatin

and remaining above LDL-cholesterol targets on the

control visit, substitution for atorvastatin (49.9%) or

the increase of daily dose of simvastatin (10.0%) was

recommended. In the group treated with atorvastatin,

an increase in dosage was recommended (41.4%),

while drug substitutions in this population were spo-
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radic (2.0%). Once more, the therapies of a low fat

diet and weight reduction was more frequently recom-

mended in the group on atorvastatin than on simvasta-

tin (66.1 vs. 45.7%; p 0.001) – Figure 5.

No action was taken in 2.9% of subjects treated

with simvastatin and 2.6% on atorvastatin despite not

achieving LDL-cholesterol targets.

Discussion

Our results revealed low effectiveness of lipid-

lowering therapy with statins for secondary preven-

tion of atherosclerosis in the study population. Only

18.0% of subjects treated with atorvastatin and 7.8%

of those treated with simvastatin achieved the recom-

mended LDL-cholesterol targets at the beginning of

the study. The actions taken by physicians doubled the

effectiveness of the therapy; however, it was still

lower than expected. It should be duly noted that re-

sults after intensification of therapy are probably bet-

ter than in the general population, owing to the fact

that participation in the survey likely influenced phy-

sicians to undertake some actions for improvement,

such as recommendation of non-pharmacological

methods (counseling), the increase of statin daily

dose, or substitution with another statin.

The data presented also demonstrate that promo-

tions of non-pharmacological methods for the secon-

dary prevention of atherosclerosis are important, yet

the value of counseling and implementation of such is

still underestimated by physicians and study subjects

as an integral component of therapy. The encouraging

of low fat diet intensification and weight reduction re-

sulted in weight loss and increased the percentage of

subjects that implemented a low fat diet from 54.4 to

85.3%. Besides other actions (statin substitution or in-

crease of dose), actively pursuing the diet modifica-

tions and weight loss was an important intervention

that resulted in the increase of the percentage of study

subjects achieving the recommended LDL-cholesterol

targets up to 35.0% in the group treated with atorvas-

tatin and to 27.8% on simvastatin. The percentage of

subjects achieving the LDL-cholesterol target in our

study was lower than observed in REALITY trial. In

that study, which was performed in 10 European

countries among 58.223 subjects, of patients receiv-

ing statin therapy, 40.5% of them achieved the recom-

mended LDL-cholesterol targets during 15-month pe-

riod of therapy [13]. Similar results were demon-
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strated in the analysis of statin therapy effectiveness

in the American subjects with coronary artery disease

and diabetes in the HMO database. The recommended

LDL-cholesterol targets were reached by 48.2% of

subjects with coronary artery disease, but only by

28.8% of those with diabetes [9]. As was described

above, the percentage of subjects achieving the LDL-

cholesterol targets was higher in clinical trials, such as

the TARGET TANGIBLE trial conducted in the Ger-

man population, which demonstrated after 14 weeks

the goal was reached by 67% of study subjects treated

with atorvastatin and 53% on simvastatin [8].

It is logical that the main reason for discrepancies

and lower effectiveness of lipid-lowering therapy

with statins for the secondary prevention of athero-

sclerosis in Poland is the under-dosing of statins. Ini-

tially in the present study, only 20% of patients were

receiving at least 40 mg of atorvastatin or simvastatin.

Among subjects who did not achieve recommended

LDL-cholesterol targets the percentage was even

lower, especially of those receiving atorvastatin

(14.9%), whereas in the TARGET TANGIBLE trial

40 mg simvastatin was administered in 54% of study

subjects [8]. The expected physician action was there-

fore increasing (doubling) the statin dose. However,

physicians undertook this decision only in 16.3% of

study subjects treated with simvastatin, and more fre-

quently the drug was substituted for atorvastatin

(75.2%). In the 4S trial the daily dose administered of

simvastatin was increased to 40 mg in 35.7% of sub-

jects above LDL-cholesterol target [2]. As was ex-

pected, the decision to increase the dose of atorvasta-

tin was taken in study subjects with the dose increased

59.8% of the time. Our study did not analyze the rea-

sons why physicians undertook such a decision. We

may only stipulate that physicians have been expect-

ing greater effectiveness with the use of a more potent

statin than with the doubling of statin dose adminis-

tered. This stipulation is supported by the observation

showing that doubling of the statin dose decreased

LDL-cholesterol level by about 6% in average [5]. In

the period of time the present study was performed,

rosuvastatin, the most potent statin was only recently

registered for use in Poland and not frequently imple-

mented. Perhaps its introduction will further increase

the effectiveness of the secondary prevention of athe-

rosclerosis with statins in Poland.

The low effectiveness of lipid lowering therapy in

our study can also be attributed to noncompliance

with a low fat diet as well as high prevalence of over-

weight and obese patients. In our study, 45% of sub-

jects claimed that they did not comply with the rec-

ommended low fat diet and 84.8% of study subjects

were diagnosed as overweight or obese. It was also

demonstrated that the effectiveness of lipid-lowering

pharmaceutical therapy decreased proportionally to

the increase of body mass. It is well known that a high

fat diet and low physical activity are the main causes

of developing obesity; therefore, complying with

a low fat diet is an effective method to prevent both

obesity and cardiovascular diseases. The American

Heart Association (AHA) guidelines in prevention of

cardiovascular diseases recommend daily intake of

vegetables and fruits, as well as vegetable oils and

soft margarine that have a low content of saturated

fatty acids. Additionally, the AHA recommends

whole grain bread and other cereal products that do

not contain refined flour. Complex carbohydrates

should satisfy 60% and fat below 30% (in this satu-

rated fatty acid below 10%) of daily energy consump-

tion. Dietary fibre should also exceed 35 g per day

[7]. It was shown that such a diet decreases the cho-

lesterol level by 5–10% [7]. Furthermore, in over-

weight and obese patients a decrease of energy intake

and an increase of physical activity should be recom-

mended. Recent studies revealed that regular, moder-

ate physical activity (at least 30 minutes per day) de-

creases LDL-cholesterol level by 10% as well as in-

crease circulating HDL concentration by 5% [7].

Unfortunately, as it was demonstrated in our study,

use of these important non-pharmacological therapies

are frequently under-prescribed by physicians and un-

dervalued by study subjects and consequently not im-

plemented.

In the present study, we did not assess the effec-

tiveness of the combined therapies using statins with

fibrates or ezetimib. Such combinations serve to in-

crease the lipid-lowering efficacy. This certainly is an

important limitation of our study.

Furthermore, we did not record incidences of

newly diagnosed diabetes during therapy intensifica-

tion. It has been demonstrated that intensive lipid

lowering therapy with statins compared to moderate-

dose therapy, increases the risk of new-onset diabetes

by 12% [11]. A large meta-analysis of statin therapy

revealed that the risk of new-onset diabetes is in-

creased by 9% regardless of their hydrophilic or lipo-

philic properties [12].

In conclusion: 1. The use of low doses of statins and

noncompliance with life-style guidelines are responsi-
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ble for low effectiveness of lipid-lowering therapy for

the secondary prevention of atherosclerosis. 2. Physi-

cians prefer substitution of less effective statins over

the increase of dosage in patients not achieving LDL-

cholesterol targets. 3. Life-style changes are under-

prescribed by physicians and under-implemented by

their patients.
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