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Summary
Background: Large, randomized, controlled trials have shown that lowering low-
density lipoprotein cholesterol (LDL-C) reduces risk of cardiovascular (CV) morbidity
and mortality. It is unclear whether similar risk reduction is attained in clinical prac-
tice. The effect of early LDL-C goal achievement on future CV events also remains to
be investigated. The objectives were to (i) investigate risk of recurrent CV events
and influence of factors such as lipid levels on the risk of such events and (ii) explore
effect of early LDL-C goal attainment on future CV events and hospitalization.
Methods and results: Randomly drawn patients (n = 603) from randomly drawn prac-
tices (n = 62) were retrospectively evaluated for a median of 3.6 years (1998–2002)
on lipid-lowering therapy. Results of time to event analysis show that the hazard
rate of recurrent CV events was highest in the first six months following an index
event. Revascularization at baseline, high baseline co-morbidity and high LDL-C
level increased the hazard rate of recurrent CV events. Probit analysis of panel data
indicates that goal attainment during the first six months and treatment by a cardi-
ologist reduced the risk of future recurrent CV events and all-cause hospitalization.
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Conclusion: High LDL-C level significantly contributes to risk of CV morbidity. The
potential for preventing CV morbidity is highest in the first six months because goal
attainment within the first six months after the index event significantly reduces
the risk of a future recurrent CV event. Our results support early goal attainment
and aggressive LDL-C reduction to achieve a lower incidence of CV events and hos-
pitalization.

�c 2006 World Heart Federation. All rights reserved.
Introduction

There is considerable evidence from several large,
randomized clinical trials that lowering low-density
lipoprotein cholesterol (LDL-C) with statins reduces
risk of cardiovascular morbidity and mortality [1–
9]. These findings have led to National Cholesterol
Education Program (NCEP) Adult Treatment Panel
III [10] (ATP) and the European Joint Task Force
[11] guidelines for aggressive cardiovascular risk
management that includes effective LDL-C reduc-
tion. Failure to achieve treatment goals has been
shown to cause increased cardiovascular morbidity
and mortality [8,9].

Patients with established coronary heart disease
(CHD) have a substantial absolute risk-reduction po-
tential and are therefore given high priority for car-
diovascular risk factor modification. For best
outcomes their LDL-C levels should be consistently
maintained below 100 mg/dL (2.59 mmol/L) [9–
11]. In a controlled study of a large number of pa-
tients who recently had an acute coronary syndrome
(ACS), the PROVE-IT study demonstrated that sus-
tained aggressive therapy with a high potency statin
provided greater protection against death or major
cardiovascular events compared to a standard regi-
men among these patients [12]. However, it is not
clear whether similar reduction in risk is attained
in actual clinical practice. Additionally, many of
these studies have shown a reduction in LDL-C and
CVD morbidity and mortality concurrent with statin
therapy. But the effect of early achievement of
guideline recommendations in LDL-C reduction on
future CV events still remains to be investigated.

This retrospective cohort study was conducted
to address these issues in the management of
hypercholesterolemia in general practice and car-
diology outpatient settings in Germany. A key goal
was to analyze CV events and CV hospitalizations
after initiation of lipid-lowering therapy in CHD pa-
tients in Germany. The objectives were to:

1. investigate the risk of CV events and the influ-
ence of factors such as lipid levels on the risk
of such events and

2. explore the effect of early goal attainment on
future CV events and hospitalization.
Methods

Study design

In this multicenter, retrospective, observational
study, 6000 primary-care practices (GPs/internists)
and 1200 cardiology practices were contacted after
they were randomly chosen from the universe of all
practices in Germany. Consent to participate was
obtained from 237 practices, of which 53 pri-
mary-care and 9 cardiology practices were again
randomly selected and enrolled. The objective
was to obtain information on 500 CHD patients in
primary care and 100 CHD patients in cardiology
care, a ratio that reflects the actual practice pat-
terns in CHD aftercare in Germany. Data were orig-
inally collected for a study on the effect of pre-
treatment LDL-C level and pre-treatment risk fac-
tors on the effectiveness of lipid-lowering therapy
in males and females [13]. The current study used
the same data to conduct additional analyses to ad-
dress the above goals. No additional data were col-
lected for this study.

Data were collected by trained research person-
nel (Kendle Int., Inc., Munich), who interviewed
the physicians with the help of standardized data
collection forms regarding the patient’s year of
birth, sex, height, body weight, current or former
cigarette smoking, familial history (parents or sib-
lings with myocardial infarction (MI) before the
age of 60), counseling of the patient with regard
to diet and exercise, cardiovascular history, con-
current diseases and therapies before and after ini-
tiation of lipid-lowering therapy, blood pressure,
all lipid lowering therapies (drug name, date of
prescription, dosage strength, package size, daily
dose) and all serum lipid levels including the sam-
ple dates. Data on fasting status or the laboratory
methods used to determine lipid levels were
limited.

Assessment of goal attainment in this observa-
tional study was based on LDL-C measurements
taken as part of the clinical management of hyper-
cholesterolemia. Evaluation of LDL-C goal attain-
ment was conducted just before the event, within
the first six months of the index date and within
each six month period following the index date.
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Statin potency was assessed in two ways: statin po-
tency at lipid-lowering therapy initiation, and
changes in statin potency that occurred with
changes in the prescribed regimen throughout the
course of therapy. The data were collected during
the period 15-Sep-02 to 15-Nov-02. Patient ano-
nymity was maintained at all times.
Patient selection

Patients were selected for entry in this study based
on a priori inclusion and exclusion criteria as
follows:

(1) initial antilipidemic prescription between 1
July, 1998 and 30 June, 1999 with no prior
antilipidemic prescription;

(2) physician-verified CHD based on prior angio-
graphic results or electrocardiogram changes
indicative of CHD, prior MI, prior angina
(stable or unstable), prior peripheral vascular
disease (PVD), prior diabetes mellitus,
prior stroke, and/or prior revascularization
attempt—coronary artery bypass graft
(CABG) or percutaneous transluminal coro-
nary angioplasty (PTCA) with or without stent
placement;

(3) 18 years of age and older;
(4) absence of liver disease (interferes with

hepatic LDL-C production);
(5) at least two years of clinical follow-up and

secondary preventive care after initiation of
lipid-lowering therapy;

(6) at least one LDL-C measurement within one
year prior to the start of lipid-lowering
therapy;

(7) available prescribing information for lipid-
lowering therapy; and

(8) at least 2 LDL-C measurements after initiation
of lipid-lowering therapy.
A total of 605 patients met the study inclusion
criteria. Two patients whose treatment was
started with fibrates were removed from the
sample because of the focus on initial therapy
with statins. From the remaining 603
patients, 16 were deleted because they had
only one prescription or lab visit resulting in
a sample of 587 patients.
Definitions and measurements

Physician characteristics
Physicians who initiated lipid-lowering therapy in
this study were classified by age (<50 years, P50
years), gender, type of practice (cardiologist/gen-
eral practitioner), individual versus group practice,
community size of the practice location (small
[619,999]; large [P20,000]), and practice size
based on the number of patients seen per quarter
(small [61799]; large [P1800]). Since the commu-
nity size and the practice size variables were corre-
lated, a single variable combining the two was used
in the analysis.
Statin potency
A six-point scale was developed, based on an eval-
uation of the equipotency of available statins made
by Maron and colleagues [14]. High initial potency
was defined as potency greater than 3 on this scale.

CV event
CV event was defined as occurrence of revascular-
ization, acute MI, stable or unstable angina, ather-
ectomy, ischemic stroke, endarterectomy or death
due to any of the above causes.

Fatalities were included if they were reported as
caused by CVD and were treated like any other CV
event. In the time-to-first-event model, in which
we were interested in the first event, if death
was preceded by another CV event, that death
was not considered a CV event. There were 17
deaths during the study period of which seven were
classified as due to CVD. Of these seven deaths,
four were preceded by another CV event and so
in the analysis, we considered only the precedent
CV event. In three cases, death was the only event;
however, in two cases the deaths occurred after
the end of the study period and were considered
censored at study period end. This left only one
death to be included in the analysis as an event.

In the panel data analysis, again the first CV
event during every six-month period was analyzed.
If death was the only event (and if reported as
caused by CVD) during that period, it was included
in the analysis.
Charlson age co-morbidity index
A baseline co-morbidity index as suggested by
Charlson and her colleagues [15] was used.
Hospitalization
Hospitalization was identified in the data by a bin-
ary variable with a value of 1 if hospitalized and 0
otherwise. If hospitalization occurred due to a CV
event then it was coded as CVD hospitalization.

Treatment regimen changes
Therapeutic regimen changes made after the ini-
tially prescribed statin and dose were considered
in the analysis based on a hierarchy:
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� Switch to combination therapy—when patients
were switched to a combination of a statin
(same or different statin) and fibrates/resins at
any time during follow-up period.
� Switch in monotherapy—when patients were
changed to another statin from initially pre-
scribed monotherapy at any time during the fol-
low-up period.
� Dosage titration—when patients were main-
tained on the statin initially prescribed; how-
ever, the dose of this agent was titrated
upward or downward.
� Noaction—whenpatientsweremaintainedon the
initial statin without any of the above changes.

Switch to a combination therapy, change to a
different statin with an upward revision in potency,
and up titration were defined as aggressive or
intensive lipid management. Where switch to an
intensive statin therapy was used, a switch just be-
fore the event of interest was identified.

Sustained intensive statin therapy
When the switch to an intensive regimen was not
reversed during the period of interest, it was coded
as sustained intensive statin therapy.
Patient characteristics
Patient’s age (<63 years, P63 years based on the
mean value of the sample), gender, LDL-C levels
just before the first event, prior angina, prior dia-
betes mellitus, prior stent placement, other base-
line cardiac prescriptions, prior CHF/LVH, and
prior obesity were included in the analysis.
Goal attainment
LDL-C goal attainment was based on ATP III and
German guidelines which recommend LDL-C levels
<100 mg/dL.
Statistical methods

CV events were analyzed in two different ways to
describe the change in risk over time and to assess
the impact of different factors (patient, physician,
treatment, and cholesterol levels) on the risk of
recurrent CV events.

CV event risk was examined by modeling the
time to first recurrent CV event using survival anal-
ysis. As it was suspected that there would be a
change in the hazard rate of recurrent CV events
with time, a piecewise exponential model was fit-
ted. This was done by splitting the total time to
event (or the total follow-up time if the patient
did not have an event) into yearly ‘‘spells’’ and fit-
ting an exponential model of survival time to each
year segment. Although other parametric models
could be fitted, the exponential model has a simple
relationship with hazard rate and so is more easily
interpretable. This approach is particularly amena-
ble to evaluate the pattern of CV events over time
and to incorporate time-dependent covariates into
the models [16].

The effect of early LDL-C goal attainment on risk
of future recurrent CV events was investigated
using a probit model applied to a panel data. In
particular, effect of LDL-C reduction within the
first six months of initiation of lipid-lowering ther-
apy on subsequent occurrence of a CV event was
analyzed in these models. This type of analysis
has been used to study the probability of certain
events in several studies [17–19]. The total fol-
low-up period starting after nine months from the
index date was divided into six-month periods.
The probability of an event within each six month
period was estimated using a probit model. A peri-
od of nine months was chosen as the basis for fu-
ture events so that sufficient time would be
available for stabilization after the index date.

The index date used here is the date of initiation
of lipid-lowering therapy. Because all the patients
were known to be new to lipid-lowering therapy
and because they were all CHD patients, we believe
that the date of initiation of lipid-lowering therapy
and the date of initial CHD event were most likely
to coincide. Therefore, we treated the date of ini-
tiation of lipid-lowering therapy as the date of ini-
tial (index) CHD event.

Tolerance and variance inflation factor were
checked to insure that there was no collinearity
among the co-variates.
Results

Baseline characteristics

Patient characteristics
In this sample of physician-verified CHD patients,
the mean age was 63 years and female patients
constituted 32.4%. At baseline, mean LDL-C was
169.84 mg/dL, mean total cholesterol was
258.18 mg/dL, mean HDL-C was 46.20 mg/dL and
mean triglycerides level was 212.70 mg/dL (Table
1). Prior to lipid lowering therapy (LLT) initiation,
one-third had an acute MI and approximately 36%
had a revascularization procedure (CABG or PTCA
with or without stents). One-third of the patients
were diabetic, 77% of patients were hypertensive
and 75% were obese or overweight.



Table 1 Patient characteristics

Variable All patients
(N = 587)

Patients treated by
cardiology practices
(N = 110)

Patients treated
by general practices
(N = 477)

Treated by cardiologist 110 (18.74%) – –
Diabetes at baseline 187 (31.86%) 35 (31.82%) 152 (31.87%)
High initial potency at baseline 103 (17.55%) 19 (17.27%) 84 (17.61%)
Intensive treatment within

six months of index event
94 (16.01%) 22 (20.00%) 72 (15.09%)

Patient age at baseline 62.83 (SD = 9.97) 62.60 (SD = 9.06) 62.89 (SD = 10.16)
# of cardiac prescriptions at baseline 2.57 (SD = 1.53) 2.73 (SD = 1.65) 2.53 (SD = 1.50)
CABG at baseline 96 (16.35%) 17 (15.45%) 79 (16.56%)
PTCA at baseline 128 (21.88%) 19 (17.27%) 109 (22.95%)
Stent at baseline 76 (12.97%) 15 (13.64%) 61 (12.82%)
Revascularization at baseline 212 (36.12%) 34 (30.91%) 178 (37.32%)
LVH at baseline 204 (34.75%) 49 (44.55%) 155 (32.49%)*

MI at baseline 190 (32.37%) 48 (43.64%) 142 (29.77%)*
CHF/LVH at baseline 253 (43.25%) 59 (53.64%) 194 (40.84%)*
Mean total cholesterol at baseline 258.18 (SD = 50.23) 252.73 (SD = 35.68) 259.48 (SD = 53.07)
Mean LDL-C at baseline 169.84 (SD = 41.76) 169.00 (SD = 35.07) 170.03 (SD = 43.19)
Mean HDL-C at baseline 46.20 (SD = 13.91) 46.45 (SD = 14.78) 46.14 (SD = 13.71)
Mean triglycerides at baseline 212.70 (SD = 148.52) 220.86 (SD = 174.31) 210.72 (SD = 141.69)
Charlson age co-morbidity index 4.42 (SD = 1.87) 4.39 (SD = 1.87) 4.42 (SD = 1.87)
% Reaching target LDL-C level

within six months of index event
73 (12.44%) 19 (17.27%) 54 (11.32%)

Final cholesterol level 213.89 (SD = 50.64) 212.54 (SD = 47.64) 214.21 (SD = 51.37)
Final LDL-C Level 127.86 (SD = 41.43) 127.61 (SD = 39.45) 127.92 (SD = 41.92)
Change in final LDL-C level from baseline �21.03% (SD = 31.39) �22.04% (SD = 27.18) �20.79% (SD = 32.30)
% Reaching target LDL-C

level at final lab
145 (24.70%) 27 (24.55%) 118 (24.74%)

Prescription persistence 0.73 (SD = 0.26) 0.66 (SD = 0.32) 0.74 (SD = 0.25)*
Initial statin potency 2.54 (SD = 0.95) 2.45 (SD = 1.09) 2.56 (SD = 0.91)
# of co-morbidities at baseline 0.23 (SD = 0.56) 0.15 (SD = 0.40) 0.25 (SD = 0.59)*

Statin potency scale based on dose equipotency adapted from Maron et al. [14].
* Difference between cardiology and general practices significant at p 6 0.05.
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Since this analysis is concerned about the effect
of early goal achievement on future events, differ-
ences between those who achieved target LDL-C
within six months of the index event and those
who did not are listed in Table 2. The former group
had significantly lower baseline and final choles-
terol and LDL-C levels.

Physician characteristics
Patients included in this study were initiated on LLT
by one of 62 general practitioners or cardiologists in
Germany. Most patients (75.0%) were initiated on
LLT by a male physician. More patients were trea-
ted by physicians in individual practices (56.6%)
than those in group practices (43.4%). A majority
(51.5%) of the patients were treated by physicians
practicing in communities with a population less
than 20,000. Approximately 80.6% of patients were
initiated on LLT in practices where the average
number of patients seen per quarter was <1800. Pa-
tients treated in cardiology and general practices
were similar in their demographics but cardiology
practices treated more patients with LVH and/or
MI at baseline. On the other hand, patients in cardi-
ology practices had fewer baseline co-morbidities
than those in general practices (Table 1).

Factors affecting time to first CV event

The piecewise exponential model indicates that
the hazard rate varied with time in this sample of
German patients with CHD (Table 3). The risk of a
recurrent CV event was the highest in the first six
months and fell subsequently. The overall period
index is very significant while among the individual
period variables, the index for the first six months
has a p value of 0.029. The indicator for cardiolo-
gist is not significant at p = 0.05 having a p value
of 0.082. CABG at baseline (p = 0.0334), number
of cardiac prescriptions at baseline (p = 0.0323)



Table 2 Differences between patients achieving goal and not achieving goal within six months of index event

Variable Patients achieving goal
within six months (N = 73)

Patients not achieving
goal within six months (N = 514)

Treated by cardiologist 19 (26.03%) 91 (17.70%)
Diabetes at baseline 26 (35.62%) 161 (31.32%)
High initial potency at baseline 11 (15.07%) 92 (17.90%)
Intensive treatment within
six months of index event

15 (20.55%) 79 (15.37%)

At goal at baseline 21 (28.77%) 5 (0.97%)
Patient age at baseline 61.78 (SD = 10.38) 62.98 (SD = 9.91)
# of cardiac prescriptions at baseline 2.82 (SD = 1.73) 2.53 (SD = 1.49)
CABG at baseline 13 (17.81%) 83 (16.15%)
PTCA at baseline 18 (24.66%) 110 (21.48%)
Stent at baseline 13 (17.81%) 63 (12.28%)
MI at baseline 30 (41.10%) 160 (31.13%)
CHF/LVH at baseline 33 (45.21%) 220 (42.97%)
Mean total cholesterol at baseline 221.84 (SD = 37.43) 263.44 (SD = 49.69)*

Mean LDL-C at baseline 129.92 (SD = 40.57) 175.51 (SD = 38.76)*
Mean HDL-C at baseline 44.34 (SD = 14.32) 46.46 (SD = 13.85)
Charlson age co-morbidity index 4.51 (SD = 1.71) 4.40 (SD = 1.89)
Final cholesterol level 183.15 (SD = 44.67) 218.30 (SD = 49.95)*
Final LDL-C level 99.70 (SD = 34.38) 131.86 (SD = 40.82)*
Prescription persistence 0.77 (SD = 0.25) 0.72 (SD = 0.27)
Initial statin potency 2.45 (SD = 1.09) 2.56 (SD = 0.91)
# of co-morbidities at baseline 0.23 (SD = 0.54) 0.23 (SD = 0.57)

Statin potency scale based on dose equipotency adapted from Maron et al. [14].
* Difference between the two groups significant at p 6 0.05.

Table 3 Determinants of time to first recurrent CV event (piecewise exponential model) number of patients = 585,
number of spells = 2352

Variable Estimated
coefficient

95% CI p Value # First recurrent
CV events in each
period

Cardiologist 0.3351 �0.0430 to 0.7133 0.0824
CABG at baseline �0.3709 �0.7127 to �0.0291 0.0334
# of cardiac prescriptions at baseline �0.0999 �0.1913 to �0.0084 0.0323
LDL-C level prior to the CV event �0.0036 �0.0067 to �0.0006 0.0201
Sustained treatment with a high
potency statin prior to the CV event

�0.3155 �0.6353 to 0.0043 0.0532

Period index <0.0001
First six months �2.2030 �4.1796 to �0.2263 0.0289 71
Next six months �1.4942 �3.4881 to 0.4996 0.1419 30
Year 2 �1.3385 �3.3218 to 0.6448 0.1859 43
Year 3 �1.4719 �3.4557 to 0.5118 0.1459 41
Year 4 �1.1726 �3.1787 to 0.8335 0.2520 21

Statin potency scale based on dose equipotency adapted from Maron et al. [14].
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and a high LDL-C level prior to the event
(p = 0.0201) all decrease the time to a first recur-
rent CV event significantly. An intensive statin reg-
imen before the event is not significant
(p = 0.0532). The effects of these variables are
more easily understood if we flip the signs and con-
sider their effects on the hazard rate. A baseline
CABG procedure increases the hazard of a recur-
rent CV event. Similarly, the larger the number of
baseline prescriptions, the higher the risk of a
recurrent CV event. Higher LDL-C level is clearly
an indicator of a higher risk of a CV event. Taking
the exponential of the negative of the estimated
coefficient for LDL-C level, the effect of LDL-C le-
vel on the hazard rate can be obtained. This pro-
cess yields a value of 1.004. In other words, the
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hazard rate increases by 4% for every 10 mg/dL in-
crease in the LDL-C.
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Effect of early goal attainment on future
events

The probit models address the probability of future
events (Table 4). The results are similar to the
piecewise exponential model. The risk of a recur-
rent CV event after nine months from the index
date is positively related to the number of baseline
co-morbidities, as indicated by the Charlson age
co-morbidity index (p = 0.0251), and to the occur-
rence of a CV event in the previous six month per-
iod (p < 0.0001). The risk is decreased with
treatment by a cardiologist (p < 0.0001), and goal
attainment within the first six months of the index
date (p = 0.0122). The results are similar for all-
cause hospitalization events, except that the num-
ber of baseline cardiac prescriptions and intensive
treatment during the first six month period signifi-
cantly increase the risk of all-cause hospitalization
(p = 0.0052 and p = 0.0294 respectively). Goal
attainment within the first six months of the index
date is consistently significant and has similar coef-
ficient values for all three dependent variables. We
also investigated the effect of goal attainment in
the previous six month period on the probability
of a recurrent CV event and hospitalization (CVD
and non-CVD) in the current six month period and
surprisingly found that to be insignificant (results
not reported). We also performed the same panel
data analysis by dividing the entire follow-up peri-
od (instead of starting after nine months from the
index date) and obtained similar results (Table 5)
although the effect of goal attainment within the
first six months on all-cause hospitalization was
not significant. Goal attainment within the first
six months of the index event decreased the risk
of a recurrent CV event in the future. But the goal
attainment in the six month period prior to an
event had no effect.
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Discussion

This study explores the benefits of lipid-lowering
therapy and early goal attainment in terms of risk
of a recurrent CV event and future hospitalization.
Large scale controlled trials [1–9,12] have shown
clear reductions in CVD mortality and morbidity
from aggressive lipid-lowering therapy with stat-
ins. The objectives of this study are, therefore,
in accordance with these earlier studies. This
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study primarily differs from others in the assess-
ment of changes in lipid-lowering therapy and
reduction in LDL-C on CVD morbidity and in the
evaluation of the effect of early goal attainment
on risk of any future recurrent CV events and
hospitalization.

The longitudinal nature of the study permits an
in-depth examination of the effect of goal attain-
ment on future risk of hospitalization. The multi-
ple types of analyses of risk of CVD morbidity
confer high internal validity to the findings. The
absence of protocol-driven criteria for patient
inclusion has limited issues of selection bias. It is
free from the problems associated with study
designs that potentially influence the results.
Therefore the study has a high degree of external
validity.

The retrospective nature of the data does have
some limitations particularly with respect to avail-
ability of data. One limitation is that event infor-
mation is based on chart review and, therefore,
what was reported by physicians. The reported
events could not be adjudicated by an independent
review committee. There may also be a potential
for unobserved heterogeneity that is not accounted
for by the included variables. Clearly, patients who
attain goal and those who do not are likely to differ
in their baseline characteristics. Not being able to
control for all confounding variables could affect
the results. However, a large number of variables
such as baseline morbidities, gender, family history
and health care provider characteristics were in-
cluded in the analyses and are not reported if they
were found not significant. The baseline morbidity
conditions and age were summarized into the
Charlson co-morbidity index. Therefore, there is
reason for a certain level of confidence in the
results.

There are several important findings from this
study. The first is that in the sample of CHD pa-
tients studied, the hazard rate of recurrent CV
events was the highest in the first six months after
the index date and started declining thereafter.
This can be seen in the number of first CV events
in each period in Table 3. Several earlier studies
have also shown such a pattern. The likelihood
for revascularization intervention was the highest
in the first year following treatment assignment
[20]. Similarly, the risk of cardiac death or (MI)
was more than five times higher in the first year
after revascularization than in subsequent years
of follow-up [21]. Our results are consistent with
these studies.

The second important finding is that a high LDL-
C level prior to the event significantly reduces the
time to the first recurrent CV event (or increases
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the hazard rate). To compare with studies that
have demonstrated a lower incidence of CV events
with a lowering of LDL-C, our study finds that the
hazard rate of a recurrent CV event decreases by
about 11% for a 30 mg/dL reduction in LDL-C. The
PROVE-IT study reported a reduction of 33 mg/dL
in LDL-C and a 16% reduction in the number of
clinical events in the group treated with a high
potency statin and attributed much of that benefit
to LDL-C reduction [12]. Similarly, in the HPS
study a reduction of 40 mg/dL in LDL-C was
accompanied by a 25% reduction in CV events
[3]. This result combined with the finding that
the risk is the highest in the first six months sug-
gests that the potential for preventing CVD mor-
bidity through aggressive lipid management in
clinical practice is also the highest in the first
six months.

The panel data analysis provides the third impor-
tant finding that early goal attainment (within the
first six months) reduces the risk of future (after
nine months) recurrent CV events, hospitalization
due to CVD or all-cause hospitalization. The finding
regarding LDL-C reduction is reinforced in this anal-
ysis. The panel data analysis offers additional and
stronger evidence that goal attainment within the
first six months of the index event is important in
reducing the risk of a future event. An important
feature of the panel data design is that the time
dependent nature of the explanatory variables
can be accounted for by this method. For example,
we could investigate whether goal attainment in
the immediate preceding six months had any effect
on the occurrence of a CV event in the current per-
iod. An interesting and potentially a major finding
is that goal attainment within the first six months
(i.e. within six months of the index event) and
not within the previous six month period (i.e. six
months prior to subsequent events) significantly re-
duces the risk of a future CV event as well as hos-
pitalization. Additional analysis on this aspect
using other data sets is needed before a conclusive
opinion can be formed. It therefore appears that
patients with established CHD have a high risk of
future CVD events as well as hospitalization and at-
tain protection against recurrent cardiovascular
events from early LDL-C reduction and goal attain-
ment. The PROVE-IT [12] and the MIRACL [22] stud-
ies also suggest that patients with CHD can derive
particular benefit from early and intensive lipid
lowering.

Finally, this analysis shows that treatment by a
cardiologist at the time of occurrence of the index
event clearly reduces the risk of future recurrent
CV events or hospitalization. Potentially this could
mean that cardiologists tend to manage lipid levels
more aggressively although Table 1 does not sug-
gest this.

To answer the question if there was any addi-
tional benefit to the aggressive statin regimen,
we also included the variable of sustained intensive
statin regimen during the first six months in the
analysis. This variable i.e. sustained treatment
with a high potency statin during the first six
months, after controlling for early goal attain-
ment, increases the risk of hospitalization due to
any cause but not the risk of recurrent CV events
or hospitalization due to CV events. In order to
interpret this result for risk of all-cause hospital-
ization, one must control for (i) other baseline
co-morbidity conditions and (ii) severity of baseline
co-morbidity conditions. Other baseline co-morbid-
ity conditions were controlled for by Charlson age
co-morbidity index which also increases the risk
of hospitalization (Table 4). However, the Charlson
age co-morbidity index includes all the CHD risk
factors and other conditions but not the severity
of these conditions. The residual CHD and other
severity is accounted for by the variable of sus-
tained intensive statin regimen during the first six
months. Hence we think this somewhat counter-
intuitive result, particularly for all-cause hospital-
ization, is probably because the patient population
receiving sustained treatment with high potency
statin had an inherently higher risk of hospitaliza-
tion due to any event to begin with and hence were
more aggressively treated (residual confounding by
indication).

It also appears that the allowance of a stabiliza-
tion period after an index event avoids any con-
founding due to concurrent therapy. The results
are stronger when the panel data are created nine
months, rather than six months, after the index
event.

Taken together, our results strongly support ef-
forts to aggressively reduce LDL-C and early goal
attainment in order to achieve a lower incidence
of recurrent CV events and future hospitalization.
While the finding regarding the use of aggressive
statin regimen for all-cause hospitalization seems
anomalous, it should be noted that this was ob-
tained with only one dependent variable and after
controlling for early goal attainment and is poten-
tially due to the nature of patients who are
receiving aggressive lipid-lowering therapy i.e.
inherently higher risk of hospitalization due to
any cause. The study clearly demonstrates that
emphasis should be on achieving NCEP lipid goals
especially within the first six months of the index
event and patients not achieving LDL-C goal
fail to derive full benefits from lipid-lowering
therapy.
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