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Aims: We aimed to document the drug management of patients at high cardiovascular risk in
daily practice, with the special focus on lipid-lowering treatment.
Methods and results: In this prospective noninterventional study in 2387 outpatient centers
throughout Germany, a total of 13,942 high-risk patients (mean age 65.7 years, 61.6% males)
were treated with simvastatin 40 mg/day at entry as monotherapy. All patients were followed
up for 12 months in terms of drug utilization, laboratory values, target attainment, and clinical
events (including death, hospitalization, vascular events, and dialysis). Patients had coronary
heart disease in 35.0%, diabetes mellitus in 24.4%, and the combination of coronary heart disease
plus diabetes mellitus in 25.7%. In 21% of patients, a cholesterol absorption inhibitor was added
to statin therapy at the entry visit, and in 23%, this was added at the follow up visit 6 months
later. The target values for low-density lipoprotein-cholesterol (,2.6 mmol/L) were reached by
31.8% of patients at entry and by 50.0% at the end of this registry after 12 months. Mean blood
pressure decreased (from 135.9/80.5 mmHg at baseline) by 3.1/1.9 mmHg after 12 months.
In patients with documented diabetes, the targeted glycated hemoglobin (HbA1c ,6.5%) was
reached by 33.5% at baseline and by 40.0% after 12 months. Clinical events occurred in 11.7%
of patients between baseline and month 6, and in 12.0% between months 6 and 12.
Conclusion: In patients at high risk for cardiovascular events, comprehensive management under
daily practice conditions leads to improvement of lipid, glucose, and blood pressure parameters.
There is a need to improve secondary prevention among high-risk patients.
Keywords: dyslipidemia, observation, treatment, risk factors, coronary heart disease,
cardiovascular disease
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In current mortality statistics, cardiovascular (CV) diseases are still among the leading causes of death.1,2 Primary and secondary prevention of myocardial infarction and
stroke have a central role in the management of patients at increased CV risk.3–5 Current
guidelines highlight the importance of lowering elevated lipid levels, in particular
low-density lipoprotein cholesterol (LDL-C). Patients at high CV risk, eg, those with
manifest coronary heart disease (CHD) or diabetes mellitus (DM), should meet the
LDL-C target value of ,2.6 mmol/L (,100 mg/dL), and those at very high CV risk
should aim at even lower levels.5
According to current prescription statistics, the great majority of patients with
high lipid levels receive statins and a smaller proportion receive other drugs, such as
cholesterol absorption inhibitors (CAI), fibrates, nicotinic acid, or others.6 However,
current data on the day-to-day management of patients at high CV risk indicate that their
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use is not consistent, and part of this inconsistency may be
due to clinical inertia, physician misconception about drug
efficacy, or other factors.7,8
The current study (Leitliniengerechte Lipidtherapie
und Zielwerterreichung bei Risikopatienten im klinischen
Alltag, LIMA) aimed to examine the utilization of the most
commonly used statin in Germany, simvastatin, in the daily
treatment of high–CV risk patients, in terms of patient characteristics, risk factor management, lipid target attainment, and
outcomes, during a 12-month follow-up period. We focused
on lipid-lowering drug treatment, and analyzed patients in the
total cohort and in three subgroups, namely with CHD alone,
DM alone, or the combination of both conditions.

Methods
Design and conduct
This was a prospective, noninterventional study in 2387 centers all over Germany, performed between September 2007
and March 2009. The design and basic results of the study
have been reported in the German language recently.9,10
Office-based family physicians, general practitioners,
and cardiologists/diabetologists in family care treated
patients within the framework of either statutory health
insurance program or private insurance. The observational
plan and the case report form of the study were approved
by the Ethics Committee of the Bavarian Federal Medical
Council. The study was conducted in accordance with the
applicable laws and regulations in Germany. It followed Good
Epidemiological Practice (GEP) guidelines.11 All patients
gave written, informed consent. The study was registered in
the database of the German Association of Research-based
Pharmaceutical Companies (http://www.VfA.de). The study
protocol did not stipulate any specific treatment or interventions, and physicians were requested not to change their
typical practice in treating patients.

Patients
Adult patients were eligible for documentation, if they were at
high risk for CV events and had received 40 mg simvastatin
as monotherapy once daily without interruption for at least
four weeks at the time of recruitment. “High risk” for CV
events was defined as an established coronary heart disease
(CHD), and/or diabetes mellitus (DM), and/or peripheral
arterial disease (PAD). Application of other lipid-lowering
therapy was an exclusion criterion. To avoid selection bias,
consecutive enrollment of six eligible patients per center
was scheduled. Three visits were planned: at baseline, after
approximately 6 months, and 12 months.
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Documented parameters comprised patient demographics
(age, gender, height, and body weight), insurance status,
disease-management program (DMP) participation, CV
risk factors, concomitant diseases, and concomitant drugs
before and at inclusion in the study (with particular focus
on lipid-modifying medications). All diagnoses were provided by the treating physicians. CHD included myocardial
infarction, angina pectoris, coronary artery bypass graft
(CABG), or percutaneous coronary intervention (PCI).
The latest available standard laboratory parameters
(total cholesterol [TC], low-density lipoprotein cholesterol
[LDL-C], high-density lipoprotein cholesterol [HDL-C],
and triglycerides [TG]) were recorded on standardized case
report forms (CRFs) for the objective assessment of lipid
goal attainment. Further, physicians were requested to state
whether in their opinion, the current treatment led to individual target level attainment (for a subjective assessment of
lipid goal attainment). Physicians received feedback from the
study management about the target level attainment of their
patients after the entry visit and the final visit (Figure 1).
Blood pressure, glycated hemoglobin (HbA1c) (in diabetic
patients), and fasting blood glucose values were documented,
if available.
At the two follow-up visits, current medication (with
focus on lipid modifying therapy) was recorded, as were
current lipid, blood pressure, and glucose values. In addition, the following clinical events were explicitly asked for:
hospitalization, death, myocardial infarction, stroke, transient
ischemic attacks, coronary angiography, PCI, CABG, newly
diagnosed PAD, first-time dialysis, and diabetes-related
amputations. The exact date of events was not recorded.
Physicians had the choice between internet-based data entry
(web-based CRFs) or paper-based data collection. Onsite
quality and plausibility checks were performed by onsite
monitoring, with source data verification in 50 randomly
selected centers.

Statistical analysis
Based on a prespecified statistical plan, analyses on efficacy
parameters were performed descriptively, and comparisons
were not tested for significance. Continuous numeric
variables were expressed as number of evaluable values,
mean, standard deviation, median, minimum, and maximum.
For categorical variables, frequency counts were applied
(absolute and relative frequencies).
Of the 13,942 patients eligible for analysis, 11,998
(87.4%) completed the baseline visit and the visit at 6 months
and 10,532 (76.8%) completed all three visits. Patients were
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6 consecutive adult patients per center
Centers
> at high cardiovascular risk: coronary heart diseasse (CHD) and/or diabetes mellitus (DM) and/or peripheral arterial disease (PAD)
> current treatment: simvastatin 40 mg/d monotherapy

Data
center

Documentation of demographic and
clinical characterisitcs, medication

Documentation of current
medication, lab data, CV events

Report on targets

Clinical data

Clinical data

Lipid lab values

Visit 3 end-of-study
12 ± 1 months

Lipid lab values

Visit 2
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Report on targets
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Lipid lab values
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Visit 1
Baseline

Documentation of current
medication, lab data, CV events

Figure 1 Study protocol. The figure displays the study flow and interaction between centers and the data center.
Abbreviation: CV, cardiovascular.

c ategorized according to the presence of three subgroups
(CHD alone, DM alone, CHD + DM). Due to likely underreporting of subclinical PAD,12 no subgroup analysis was
performed on these patients, but they were included in the
total cohort.
Implausible laboratory values were removed from the
database (and set as “missing”). Data processing and analysis was performed with SAS Software, release 9.2 (SAS
Institute Inc, Cary, NC, USA).

Results
Baseline

Patient characteristics
In the total cohort of 13,942 patients, the mean age was
65.7 years (range: 19–98). Males were more frequent than
females (61.6% vs 38.4%). The great majority of patients
were covered by statutory health insurance (95.2%); by
this, the proportion of patients with private health insurance (which in Germany, is at about 11%) was slightly
underrepresented.
Patients with CHD + DM were older and had higher rates
of comorbidities and risk factors compared with patients in
the CHD and DM groups (Table 1). In the presence of CHD,
the ratio of males to females was about 2:1.

Concomitant diseases and risk factors
CV diseases that qualified patients as “high risk” are
shown in Figure 2. CHD was the leading disease (70.6% of
patients), followed by DM (58.2%), and by PAD (14.9%).
A substantial proportion of patients had combinations
of these CV diseases. Other cardiovascular comorbidities
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and risk factors were also frequent, with arterial hypertension being the leading condition (87.0%). Overall,
the majority of patients (86.1%) were affected by two or
more risk factors or concomitant conditions, whereas only
12.5% had one risk factor or concomitant condition and
1.4% had none.
The number of risk factors was higher in the CHD and
CHD + DM groups than in the DM group.

Medications
Medications for cardiovascular or metabolic diseases were
frequent, as expected in this population (Figure 3). They
most commonly comprised beta blockers (66.3%), acetyl
salicylic acid (65.3%), and angiotensin-converting-enzyme
(ACE) inhibitors (59.8%). In the subgroup of diabetic
patients, metformin was administered in 54.2% and insulin
Table 1 Characteristics of patients at baseline (total cohort and
subgroups)
Parameter
n
Age, years
Gender, male, %
BMI, kg/m2
Risk factors, %
0
1
2+

Total*

Subgroups
DM

CHD

CHD + DM

13,942
65.7 ± 10.3
61.6
29.2 ± 4.7

3397
63.4 ± 10.5
49.5
30.6 ± 5.1

4884
65.2 ± 10.5
66.1
27.8 ± 3.9

3579
67.6 ± 9.4
63.5
30.0 ± 4.7

1.4
12.5
86.1

4.0
28.3
67.7

0.6
9.3
90.1

0.2
5.4
94.3

Notes: *includes subgroups and other risk patients, eg, patients with peripheral
arterial disease.
Abbreviations: DM, diabetes mellitus; CHD, coronary heart disease; BMI, body
mass index.
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Figure 2 Concomitant diseases and risk factors for cardiovascular disease (total and subgroups).
Notes: Percentages above columns refer to the total group. *prior to inclusion.
Abbreviations: CHD, coronary heart disease; DM, diabetes mellitus; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; COPD, chronic
obstructive pulmonary disease; TIA, transient ischemic attack.

in 29.1%, while sulfonylureas, glitazones, and glinides were
used less frequently.

Lipid-modifying medication
In accordance with the respective inclusion criterion
(stable after at least 4 weeks on simvastatin 40 mg), patients
received this agent at entry (with the exception of 210 patients
[1.5%]).

Follow up

Lipid-modifying medication
After the baseline visit, the majority of patients (67.6%) were
maintained on simvastatin monotherapy for over 12 months.
After baseline, the 80 mg/day dose was used infrequently
(3.2%), and the majority of patients (79.4%) remained on
the 40 mg/day dose. Further, simvastatin 20 mg/day was
used by 8.4%, 10 mg/day by 0.9%, or an unknown dose
by 6.5%. In 20.6%, a CAI was added at the baseline visit;
and in 23.3%, this was added at the first follow-up visit.
A switch to other statins was rare (1.4%). Table 2 displays
the utilization patterns of lipid-modifying drugs during the
course of the study.

Lipid profile and target level attainment
All lipid values improved during the follow-up period
(Figure 4A). In the total cohort, TC decreased (from
5.42 mmol/L) by 0.59 mmol/L after 12 months, LDL-C
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decreased (from 3.19 mmol/L) by 0.49 mmol/L, HDL-C
increased (from 1.32 mmol/L) by 0.03 mmol/L, and TG
decreased (from 2.15 mmol/L) by 0.23 mmol/L.
Figures 4B–D display lipid parameters at the three visits
in the CHD, DM, and CHD + DM subgroups. Lipid-lowering
effects were similar across the three groups, while at all visits,
TG was higher in the DM and CHD + DM groups compared
with the CHD group.
In terms of target level attainment, physicians stated subjectively that LDL-C levels of their patients were achieved
in 44.5% of cases at baseline, and in 74.2% after 12 months
(Figure 5A). Based on laboratory values, the goal attainment
rates (,2.59 mmol/L) were lower, namely 31.8% at baseline
and 50.1% after 12 months. Subjective and objective LDLtarget achievement rates at month 12 were highest in the
CHD + DM group, followed by the CHD and DM groups
(Figure 5B–D).

Blood pressure and blood glucose
Mean blood pressure decreased (from 135.9/80.5 mmHg at
baseline) by 3.1/1.9 mmHg. The ,140/90 mmHg target was
met by 53.0% of patients at baseline, and by 65.8% after
12 months. The mean fasting blood glucose was 6.61 mmol/L
at entry and 6.44 mmol/L after 12 months. Mean HbA1c (measured in patients with diabetes only) was 6.9% at entry and
6.7% after 12 months; the ,6.5% goal was achieved by 33.5%
of patients at baseline and by 40.0% after 12 months.
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Figure 3 Medications at entry. (A) Concomitant antihypertensive, cardiac and antiplatelet medications at entry; % refer to the total group; (B) Antidiabetic medication
at entry; % refer to the patients with diabetes mellitus.
Notes: Medications $ 5% in the total cohort are shown.
Abbreviations: ASA, acetyl salicylic acid; ARB, angiotensin receptor blockers.

Clinical events
Table 3 displays events that occurred in the period between
baseline and month 6, and in the period between month 6
and month 12. In total, 1407 events (11.7% of patients were
affected) were documented between baseline and month 6, and

1268 events (12.0% of patients) between month 6 and month 12.
Hospitalization was the most frequently reported event (5.5%
of patients at month 6, 6.1% of patients at month 12). Fifty-six
patients died during the study (0.5%); among these, myocardial
infarction caused death in eight patients, stroke in six patients.

Table 2 Patterns of lipid-lowering drug utilization at the three visits

1
2
3
4
5
6
7
8

At baseline

Baseline to month 6

Month 6 to month 12

Simvastatin 
Simvastatin 
Simvastatin 
Simvastatin 
Simvastatin 
Simvastatin 
Simvastatin 
Simvastatin 

Simvastatin
Simvastatin 
Simvastatin + CAI 
Simvastatin + CAI
Simvastatin 
Simvastatin + CAI
Simvastatin
Simvastatin + CAI 
Other statin*
Other statin* 
Fibrate
Fibrate 
Nicotinic acid
Nicotinic acid 
Any other pattern of combination therapy with lipid-lowering medication

Frequency of
described pattern (%)
67.6
18.5
4.8
2.1
1.4
0.2
0.2
5.1

Notes: The table shows the distribution of the most frequently used prescribing patterns during the course of the study. *“other statins” can be any of the following:
pravastatin, atorvastatin, fluvastatin, or lovastatin.
Abbreviation: CAI, cholesterol absorption inhibitor.
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Figure 4 Lipid values (mmol/L) at baseline and follow-up visits, in the total cohort and
subgroups of patients with CHD, DM, and CHD + DM. (A) Total cohort; (B) Subgroup
CHD (n = 4884); (C) Subgroup DM (n = 3397); (D) Subgroup CHD + DM (n = 3579).
Abbreviations: CHD, coronary heart disease; DM, diabetes mellitus; LDL-C, lowdensity lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG,
triglycerides.

Figure 5 LDL-C goal achievement (%) as assessed by investigator (subjective) and
according to laboratory findings (objective). (A) Total cohort; (B) Subgroup CHD
(n = 4884); (C) Subgroup DM (n = 3397); (D) Subgroup CHD + DM (n = 3579).
Note: To convert from mmol/L to mg/dL, multiply by 38.67.
Abbreviations: CHD, coronary heart disease; DM, diabetes mellitus; LDL-C, lowdensity lipoprotein cholesterol.

Event rates were highest in the CHD + DM groups in
both observation periods, mainly driven by hospitalizations
as the most frequent event.

CV risk due to manifest CHD, DM as coronary equivalent,
or other vascular diseases.
While at first glance the study criteria seem restrictive, as
only patients on 40 mg of simvastatin were eligible, this drug
is by far the most frequently administered statin. Due to specific refunding rules, simvastatin is considered the lead statin
in Germany. According to an analysis of all prescriptions paid

Discussion
The present large-scale registry provides insights into the
management of patients with lipid disorders who are at high
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Notes: % refers to the number of patients with event.
Abbreviations: DM, diabetes mellitus; CHD, coronary heart disease; TIA, transient ischemic attack; PCI, percutaneous coronary intervention; PAD, peripheral arterial disease.
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Any event
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Patients total
(n = 10,535)
Events
total
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(n = 3125)

Between month 7 and month 12

CHD
(n = 4139)
Patients total
(n = 11,998)

DM
(n = 2958)
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Events
total

Between baseline and month 6
Events

Table 3 Incidence of clinical events during follow-up
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by the statutory health insurance in 2010, of the 1471 million
defined daily doses of statins (which allow treatment of
4 million patients, at standard doses), 1277 million were for
simvastatin, 91 million were for pravastatin, 62 million for
fluvastatin, 18 million for atorvastatin, and 5 million were for
lovastatin and rosuvastatin each. The simvastatin 40 mg/day
entry dose, used as the inclusion criterion in our study, is
somewhat higher than in other studies documenting actual
care: in the DYSIS cross-sectional study,13 84% of patients
treated for lipid disorders received simvastatin, and the mean
simvastatin dose (or in case of other statins, the equivalent
dose) was 27 mg/day, with no major differences between
high-risk patients and other patients.
The LIMA registry only included patients at high risk
for CV events. The Third Report of the National Cholesterol
Education Program expert panel and Adult Treatment Panel
(NCEP ATP III) describes that lipid disorders, in particular
dyslipidemia and hypercholesterolemia, are the most important modifiable risk factors for CV disease.5 The central role
of dyslipidemia as a CV risk factor has been highlighted by
the global case-control INTERHEART study,14 in which
hypercholesterolemia was responsible for 54% of the population-attributable risk for myocardial infarction. Rigorous
dyslipidemia treatment goals have been set for patients with
manifest CHD and/or type 2 DM.5 These primarily focus
on LDL-C (and total cholesterol), because, according to the
meta-analysis by Baigent et al15 of 14 prospective studies, for
every 1 mmol/L (39 mg/dL) decrease in LDL-C, the risk of
major cardiovascular events is reduced by 21%. With respect
to the substantial residual cardiovascular risk of statin-treated
patients,16 elevated triglyceride levels should be lowered as
well, and low HDL-C values should be raised.17
In our study, lipid target level attainment rates improved
over the course of the trial. The objective target level attainment rates (ie, LDL-C , 2.59 mmol/L; ,100 mg/dL) were
of the same order as was seen in other recent studies; for
example, in the 2L registry performed in 2006, office-based
cardiologists treated a high-risk population similar to ours
and achieved target LDL-C levels in 36.2% (CHD + another
coronary equivalent), in 39.7% (CHD only), and in 27.2%
(coronary equivalent only) of patients.18 In both studies, 2L
and LIMA, physicians claimed substantially higher target
attainment rates when asked for their subjective assessment.
This provides the impression that physicians, at least in a
subset of patients, deviate from the guidelines’ recommendations. Several explanations may account for this finding.
First, physicians may underestimate the individual risk to
their patient. Sager et al19 used logistic regression to analyze
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whether 907 primary care physicians utilized risk factors and
comorbidities appropriately for the assignment of correct
LDL-C target values. They found that overall, physicians estimated recommended LDL-C target values correctly in only
about half of their 25,000 patients (55.1% of male vs 49.1%
of female patients); poor perception of CV risk resulted in
lower rates of objective LDL-C target achievement. Second,
the treat-to-target paradigm and the stipulated LDL-C targets
in the NCEP ATP III current guidelines have been challenged
by some experts.20 Third, enduring discussions about whether
DM is a coronary equivalent or not (challenging the stringent LDL-C targets set by NCEP ATP III)21–23 could have
contributed to noncompliance with guidelines. However, in
a population-based observational study in the entire Danish
population of 3.3 million people, Schramm et al24 found
that patients requiring glucose-lowering therapy who were
at least 30 years of age exhibited a CV risk (composite of
myocardial infarction, stroke, and CV death) comparable to
nondiabetics with a prior myocardial infarction, regardless
of sex and diabetes type, supporting the concept of diabetes
as a CHD equivalent.
Few physicians prescribed statins at high doses, even if
lipid goals were not met. This can be explained, among other
factors, by the fear of increased rates of side effects.16 In
the recent SEARCH study, the simvastatin 80 mg/day dose
was associated with an increased rate of myopathy (0.9% vs
0.03% in the simvastatin 20 mg/day group).25 This finding
formed the basis for the US FDA recommendation to avoid
starting treatment with the 80 mg/day dose and to continue
use of this strength only in patients who have already been
taking it for 12 months or longer without negative effect.26
Furthermore, the 80 mg/day dose lowers the LDL-C only
slightly, by an additional decrease of roughly 6% over simvastatin 40 mg/day (in agreement with the “rule of six”).27,28
In addition, special German reimbursement rules prefer
the prescription of simvastatin. All these together might
explain why physicians preferred to use combination therapy
with a CAI on top of simvastatin, if needed, to achieve treatment target. In 25% of cases, a CAI was added to simvastatin.
According to the meta-analysis by Mikhailidis et al29 of
13 studies including 5080 patients, the add-on of a CAI is
significantly more effective than doubling the statin dose
(odds ratio 2.5; P = 0.007) for the attainment of LDL-C
targets.
With respect to outcomes, at first glance the LIMA registry shows the high incidence of events that patients suffer
in this high-risk population, which is predominantly due to
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the frequent hospitalization events. The rather low death rate
(n = 56; 0.5%) in LIMA is remarkable and substantially below
the event rates observed in other registries. In addition, the
rates of myocardial infarction and stroke are lower than one
might expect from other registries. For example, in the current 3A registry focusing on patients with hypertension (often
with multiple comorbidities), the death rate after 12 months
was 0.8%, and the combined rate of death, myocardial
infarction, and stroke was 1.3%.30 Further, in the German
cohort of the Reduction of Atherothrombosis for Continued
Health Registry (REACH), after 12 months, 2.1% of the
patients with symptomatic atherothrombotic disease (CHD,
cerebrovascular disease, and/or PAD) and 1.5% of patients
with at least three CV risk factors had died of a CV event,
and 5.8% of symptomatic atherothrombotic patients and
2.5% of patients with risk factors had reached a combined
endpoint consisting of CV death, myocardial infarction, and
stroke.31 The reasons for the low event rates in LIMA remain
unclear. Possibly the reporting of LDL-C achievement rates
to the treating physicians resulted in more aggressive lipidlowering treatment in patients with missed targets. However,
it is not possible to quantify this effect. While it appears that
the lipid-lowering treatment was safe and effective overall,
the additional LDL-C-lowering effect due to CAI was modest
(about 10%) and far below the effect achieved in controlled
clinical trials.29,32 This effect may be attributed to insufficient
compliance, among other factors.33
In the analysis by subgroup, patients with CHD + DM
had more risk factors and individual comorbidities compared
with the other two groups. In the presence of CHD, LDLC-control rates were higher compared with the DM group.
Various studies have reported that the treatment intensity
of physicians increases at a late stage, once complications
have occurred.34,35
Further methodological issues have to be taken into
account when interpreting the results of the present registry.
Participating physicians and patients may well differ from
those refusing to participate, as they may represent a positive selection of a physician sample, with better outcomes.
Further, the study was nonrandomized, did not include a
control group, and was not blinded, which may have introduced bias that confounded the indication or overestimation
of treatment effects.36 Diet and physical activity were not
assessed. Clinical events were collected according to commonly accepted registry rules, but were not adjudicated.
No safety information was gathered in the context of this
study.
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Conclusion
The present LIMA registry shows that by intensifying lipidlowering treatment, physicians were able to substantially
increase the number of patients at LDL-C target and to
improve other lipid parameters as well as blood pressure
and glucose levels. However, LDL-C control rates are not
yet optimal. Treatment effects were consistent across the
CHD, DM, and CHD + DM subgroups, but event rates were
highest in the latter group. Combination therapy of statin
plus CAI offers additional patients the chance to achieve
targets.
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