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Background: In spite of successful introduction of interventional treatment of acute coronary syndromes in Czech Republic, recent
surveys show that coronary intervention and drug therapies need to be combined with a lifestyle and risk factor intervention. We assessed
the effect of intervention after myocardial infarction targeting multiple risk factors in a high-risk population with limited access to
hypolipidemic drugs and revascularization.

Methods: In 1992-1993, we enrolled all men under age 60 (n =68) and all women under age 65 (n =40) who survived myocardial
infarction and were discharged from a single coronary care unit in an 18-month intervention program targeting dyslipidemia, smoking
and highly saturated fats diet. Thirty % were diabetic and 46% of the remainder fulfilled ATP Il criteria for the metabolic syndrome.
Results: After one year, non-HDL cholesterol fell by 27%, smoking from 47% to 16%, and diet scores were substantially improved. As
compared with a control population of 96 patients discharged from this CCU during the same period in 1990-1991, all-cause mortality
in men was significantly reduced over 2.6 years (hazard ratio ranging from 0.083 to 0.18) and remained lower over 6.7 years of maximum
follow-up. Among women, all-cause mortality was not significantly changed by the intervention.

Conclusion: Multifactor intervention after myocardial infarction in men under age 60 with limited access to revascularization
procedures dramatically reduced all-cause mortality for 2.6 years.
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Pitha J, Podrapska |, Frost PH, et al. Vliv sekundarni prevence na celkovou mortalitu Cechii, ktefi pezili infarkt myokardu: popu-
la¢ni studie. Cor Vasa 2009;51(1):13-18.

Uvod: Pres Gspéiné zavedeni intervenéni [é¢by akutnich koronarnich syndromii v Ceské republice priizkumy z posledni doby prokazaly,
Ze koronarni intervence a farmakologickou Ié¢bu je nutno kombinovat s ovlivnénim Zivotospravy a rizikovych faktord. Hodnotili jsme
vliv intervenci po infarktu myokardu, zamérenych na fadu rizikovych faktorG u vysoce rizikové populace s omezenym piistupem k hypo-
lipidemikdm a revaskulariza¢nim vykonm.

Metody: V letech 1992-1993 jsme do 18mési¢niho programu intervence zaméfeného na dyslipidemii, koufeni a stravu s vysokym
obsahem nasycenych tukd zaradili vSechny muze ve véku do 60 let (n =68) a vsechny Zeny mladsi 65 let (n =40), ktefi prezili infarkt
myokardu a byli propusténi z jediné koronarni jednotky. Ve 30% se jednalo o diabetiky a 46 % zbyvajicich jedincd spliovalo kritéria
ATP Ill pro metabolicky syndrom.

Vysledky: Po jednom roce klesla koncentrace non-HDL-cholesterolu o 27 %, podil kufakl ze 47 % na 16 %, a skdre stravy se podstatnou
mérou zlepsila. Ve srovnani s kontrolni populaci 96 pacientd propusténych z uvedené koronérni jednotky ve stejném casovém intervalu
v letech 1990-1991 se celkova mortalita u muzi za 2,6 let statisticky vyznamné snizila (pomér rizik se pohyboval v rozmezi od 0,083 do 0,18)
a zUstala nizsi po 6,7 let, coz byla maximalni doba sledovani. U zen uvedené intervence celkovou mortalitu vyznamné neovlivnily.
Zaveér: Multifaktoridlni intervence po infarktu myokardu u muz mladsich 60 let s omezenym pfistupem k revaskulariza¢nim vykoniim
radikalné snizily celkovou mortalitu po dobu 2,6 let.

Kli¢ova slova: Sekundarni prevence - Infarkt myokardu — Metabolicky syndrom - Diabetes mellitus
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Introduction

In spite of successful introduction of interventional treat-
ment of acute coronary syndromes in the Czech Republic,
recent surveys show that coronary intervention and drug
therapies need to be more efficiently combined with a life-
style and risk factor intervention.® Secondary prevention
of ischemic heart disease, most notably treatment with
lipid-lowering drugs, significantly reduces cardiovascular
mortality. Most studies, however, have continued to focus
on a single risk factor: LDL cholesterol. Recently, two trials
have evaluated the efficacy of multifactor intervention.®*
In these and other trials, patients have been selected using
numerous criteria; generalization of such results is therefore
uncertain.

We initiated an intervention program to evaluate the
efficacy of multifactor intervention focused on several risk
factors for cardiovascular disease (smoking, unhealthy
dietary habits and dyslipidemia) after acute myocardial
infarction in a Czech population shortly after the Velvet
Revolution of 1989. At that time, Czechoslovakia had the
second highest cardiovascular mortality in the world® and
smoking was highly prevalent.® A traditional Czech diet is
rich in fatty acids, primarily due to popular pork meat
consumption and subsidization of pork meat production.
Obesity was highly prevalent among adults, particularly
outside major population centers. According to later
EUROASPIRE I + II observations in 1995-1996” and
1999-2000,® 30-40% of patients in the Czech Republic
were obese. In 1999-2000, waist circumference in 80% of
them exceeded 94 cm (men) and 88 cm (women).
Furthermore, plasma triglycerides exceeded 2.0 mmol/L in
29% of men and women. In the early 1990s, invasive
coronary procedures were performed only in several centers
in the Czech Republic up to 1995, the population had
almost no access to hypolipidemic drugs with the exception
of fibrates; however, even those were underused.

Our program provided a unique opportunity to
understand the impact of modern medicine when suddenly
introduced into a culture conducive to atherosclerotic
cardiovascular disease and lacking many of the resources
than even then were considered necessary to treat such
patients. It was carried out in a predominantly rural district
of northern Bohemia in which all patients with myocardial
infarction were admitted to the Coronary Care Unit (CCU)
of the single hospital that served the entire population. For
logistical reasons, we confined our intervention of 18 months
to men under age 60 and women under age 65 at admission.
We compared all-cause mortality during this period and for
a total of 6.7 years with a control population of comparable
patients admitted to this CCU two years earlier and, in
a separate analysis, with secular changes in all-cause
mortality in the general population of the district.

Methods

Intervention population: The intervention population (IP)
included all men below age 60 and women below age
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65 admitted to the coronary care unit (CCU) of Litomerice
District Hospital with myocardial infarction from October 1,
1992 through December 31, 1993. Myocardial infarction
was defined according to World Health Organization criteria
(presence at least two from the following - clinical symptoms,
ECG changes and biochemical markers). Blood was obtained
for analysis of plasma lipids immediately upon admission
from all patients whose initial symptoms had occurred
within the previous 24 hours. During hospitalization, pa-
tients were counseled about appropriate dietary habits and,
as needed, to stop smoking.

One month after discharge, patients returned to a special
ambulatory clinic for baseline evaluation (medical history
and general physical examination). Blood pressure, height,
weight, and waist and hip circumferences were obtained
using MONICA (Monitoring trends in cardiovascular
disease and risk factors) study procedures.® Fasting blood
was drawn for analysis of serum and lipoprotein-lipids and
glucose. Additional criteria used to evaluate risk status were
smoking (at least one cigarette per day during the preceding
three months), diabetes (at least one of the following: fasting
plasma glucose greater than 7.0 mmol/L, taking hypoglycemic
medication, and history of diabetes) and hypertension
assessed by self-report because of unreliability of blood
pressure measurements during acute phase of myocardial
infarction or at the follow-up visits, when patients are
treated with beta-blockers.

Patients also completed a food-frequency questionnaire,
the Eating Pattern Assessment Tool (EPAT).% The EPAT
provides two scores (in servings per week), one assessing
the consumption of foods high in fat and cholesterol
(EPAT 1) and another assessing consumption of low-fat
foods, including fruit and vegetables (EPAT 2).

Serum, VLDL, LDL and HDL lipids were quantified by
established ultracentrifugal and enzymatic procedures at the
Institute of Clinical and Experimental Medicine (IKEM) in
Prague. The Institute Laboratory participates in the Lipid
Standardization Program of the Communicable Disease Center
in Atlanta, GA. Because of the high prevalence of hyper-
triglyceridemia in the Czech population, non-HDL cholesterol
was the primary target of lipid-lowering therapy.t?)

Intervention
Our principal aims were reduction/elimination of smoking,
adoption of more healthful dietary habits, reduction of
body weight, and lowering non-HDL cholesterol below
3.0 mmol/L. Patients were counseled intensively and
repeatedly about smoking and dietary habits by the clinic
physician and dietician. The decision to initiate hypo-
lipidemic drugs was based on non-HDL cholesterol and
other lipid concentrations within 24 hours after the myo-
cardial infarction and at baseline. During the next 18 months,
clinic visits were scheduled every 1-3 months according to
the therapeutic response. The complete baseline examina-
tion was repeated after 12 and 18 months.

Control population: A control population (CP) was
selected retrospectively to include all patients admitted to
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the CCU of the Litomerice District Hospital with established
myocardial infarction from October 1, 1990 through
December 31, 1991 who fulfilled the same age criteria as
the IP. All available data, including risk factors for
cardiovascular disease, were obtained from the discharge
documents. Serum cholesterol was measured in the hospital
laboratory with the same method and results as in the IKEM
Laboratory.

Intervention in the CCU: A total of 42 and 53 thrombolyses
were performed in the CCU during 1990/1991 and
1992/1993, respectively. In the IP, 14 men and 4 women
underwent thrombolysis. Data about particular patients in
the historical group are unknown. No patient in either
group underwent a revascularization procedure before
hospital discharge.

Data analysis: Follow-up of both groups ended on July 1,
1999. Data on survival status and date and cause of death
between 1990 and 1999 were obtained for all patients from
the Institute of Health Information and Statistics of the Czech
Republic. Mortality data for the general population of the same
age range in Litomerice District were obtained from the same
source. For deceased patients, if uncertain or conflicting
information was found, data were confirmed with local
physicians. During April/May 1999, a questionnaire was sent
to all living control and intervention patients. Response rate
on July 1, 1999 was 85% in the IP and 78 % in the CP.

Data summaries are presented as absolute or relative
frequencies for categorical variables and as ranges and means
with standard deviations for continuous ones. Fisher exact
test was used for comparison of proportions. The differences
in selected continuous risk factors between the baseline and
12 months of follow-up were analyzed using the paired
t-test. The level of significance was set at p < 0.05.

Kaplan-Meier survival analysis was used to evaluate
all-cause mortality. The log-rank test was used to evaluate
differences in overall survival between the intervention and
control groups. In men, the intervention effect adjusted for
age and diabetes mellitus status did not appear to remain
constant over time. Gray’s time-varying coeflicients model
was therefore employed to evaluate covariate effects on
survival.®*>% In women, in whom the effects of age, diabetes
mellitus status and intervention did not vary significantly
over time, adjusted intervention effect on survival was
assessed using the Cox proportional hazards model®® and,
for comparison with men, Gray’s model as well.

Results

Group assignments: In 1992/1993, 264 patients were admitted
to the CCU, of whom 113 met our age criteria. Four patients
died in the CCU and one declined participation. The remain-
ing 108 (68 men and 40 women) comprised the IP. At the
18-month visit, all men and all but two women continued
to participate. The CP was drawn from 101 of the 210 pa-
tients admitted to the CCU during 1990/1991 who met our
age criteria. Five died in the CCU and the remaining 96
(65 men and 31 women) comprised the CP.
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Baseline characteristics and treatment: General characte-
ristics and risk factors in the two populations were well
matched (Table 1). Baseline data in the IP (Table 2) show
a high prevalence of established risk factors. The prevalen-
ce of the metabolic syndrome, together with diabetes
mellitus (DM), was 57.4% in men and 70% in women. At
baseline, 37% of men and 46% of women initiated treatment
with hypolipidemic drugs and, at 12 months, 93% of men
and 87% of women were on this therapy, mainly using
simvastatin (mean dose 14.3 mg/day). At this time, fewer
than 5% of patients with ischemic heart disease in the Czech
Republic were being treated with hypolipidemic drugs and
statins were virtually unused.'® Beta-sympatholytics were
used by 55% and aspirin by 90% of patients.

Clinical outcomes: At 12 months, there was a major
reduction in prevalence of smoking and substantial
improvement in atherogenic lipoprotein-cholesterol and
EPAT scores (Table 3). These changes were highly significant.
The maximum follow-up from hospital discharge for the IP
was 2,462 days. The same cut-off point was used for the
control population. Median follow-up was 2,462 days in the
CP and 2,231 days in the IP. During follow-up, 9 men
(13.2 %) and 7 women (17.5 %) died in the IP; in the CP,
16 men (24.6%) and 3 women (9.6%) died. Acute myocardial
infarction was the leading cause of death: 4 men and
4 women in the IP, and 10 men and 1 woman in the CP.
All cardiovascular diseases caused the death of 7 IP men
and 6 women and 14 CP men and 3 women. All other
deaths were from malignancies.

Figure 1 shows all-cause mortality in the two populations
by gender expressed as Kaplan-Meier plots. Assuming equal
mortality rates in the two groups of men, the number of
deaths expected for the IP was higher than that observed
(13.5 vs. 9) while, in the CP, the number of deaths expected
was lower than that observed (11.5 vs. 16). The log-rank test
indicated a significant difference in cardiovascular mortality
for the two groups (p =0.048). Similar results were found for
all-cause mortality. In this comparison, the difference for the
two groups of men was only marginally statistically significant
(p =0.07). All-cause mortality was higher than expected in

Table 1 Characteristics of the intervention and control
populations upon admission to the Coronary Care Unit (mean
[SD] or %)

Intervention  Control p-value

population population
Men/women (n) 68/40 65/31 -
Age (years) 53.2 (6.7) 51.6 (7.8) 0.115
Body weight (kg) 86.1 (14.8) 81.7(135)  0.029
More than 1 MI (%) 234 24.0 1.000
Diabetes mellitus (%) 29.6 374 0.291
Hypertension (%) 38.0 29.2 0.236
Smoking (%) 47.2 55.2 0.265
Total cholesterol (mmol/L) 6.75(1.32) 6.39 (1.45) 0.073

MI - myocardial infarction
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Table 2 Characteristics of the intervention population at baseline

n Men Women

(Men/Women) Mean (SD, Range) or % Mean (SD, Range) or %
Age (years) 68/40 52.0 (6.0, 29.9-61.1) 55.3 (7.5, 38.5-64.9)
Diabetes mellitus (%) 68/40 324 25.0
Smoking (%) 68/40 51.5 40.0
Hypertension (%) 68/40 35.2 425
Body Mass Index (kg/m?) 68/40 29.7 (4.4,19.8-41.3) 31.8 (5.6, 21.3-44.7)
Waist circumference (cm) 67/37 103.0 (11.2, 74.0-131.0) 100.5 (12.8, 78.0-129.0)
Total cholesterol (mmol/L) 67/39 6.54 (1.20, 3.31-9.49) 7.10 (1.45, 5.21-12.80)
Non-HDL cholesterol (mmol/L) 67/38 5.25(1.23,2.27-8.47) 5.57 (1.46, 3.67-11.48)
LDL cholesterol (mmol/L) 57/34 4.05 (1.08, 2.04-7.54) 4.36 (0.89, 2.78-6.16)
HDL cholesterol (mmol/L) 68/38 1.28 (0.39, 0.71-3.03) 1.52 (041, 0.96-2.76)
Triglycerides (mmol/L) 66/39 2.87 (1.73, 1.28-11.70) 3.01 (2.63,0.93-13.52)
Glucose (mmol/L) 67/40 6.39 (2.20, 3.90-14.60) 6.43 (2.19, 3.90-13.20)

IP women (7 vs. 5.1) and lower in CP women (3 vs. 4.9), but
the difference was not significant (p =0.22).

The Kaplan-Meier analysis revealed an overall effect of
DM status on survival in the IP and CP combined. After
6.7 years, 28.8% of the diabetics but only 12.0% of the
non-diabetics had died. The log-rank test x> statistics of
8.7 on 1 degree of freedom yielded a p-value of 0.0032. This
finding was largely driven by the data on male population
(p =0.0039), whereas the difference observed for the com-
paratively smaller number of women remained non-signi-
ficant (p =0.482).

The age- and DM-adjusted effect of intervention in the
male populations varied significantly over time. Gray’s
time-varying coefficients model (13) using 12 knots and
4 degrees of freedom for penalized splines was therefore
adopted for male populations. Figure 2 shows that the upper
95% confidence limit of the log-hazard ratio for the
intervention effect remains below zero for approximately
1,000 days of follow-up (exact estimate is 941 days). The
intervention effect thus remained significant for about
2.6 years, with hazard ratio (HR) estimate varying from
0.083 to 0.180. Thereafter, the log-hazard ratio estimate
remained close to zero, suggesting similar hazards in the
IP and CP.

In women, the effect of age, diabetes mellitus and
intervention status, respectively, on patient’s survival did
not reach the level of statistical significance. Furthermore,

these effects appeared to have remained relatively constant
over time, warranting the use of the Cox PH model, which
indicated that the age-adjusted intervention effect was not
statistically significant. The analysis for the two sexes
combined yielded the same result as for men: the intervention
effect remained significant for about 2.6 years, but not
thereafter (data not shown).

Among responders to the 1999 questionnaire, the
reported incidence of new myocardial infarction (IP 43%,
CP 48%) and stroke (IP 7.6%, CP 8.0%) was similar.
Reported angina pectoris was also similar (IP 28%, CP 31%),
but revascularization procedures were fewer in the IP (20%
vs. 28%). Sixty-one percent of the IP, but only 17% of the
CP were taking statins. Fibrates were used by 20% and 17%,
respectively. Seventy four percent of the IP and 80% of the
CP reportedly used aspirin; 51% and 41% used beta-blockers.
Angiotensin inhibitors were not included in this analysis
because of their later introduction.

Comparison with the general population

Since our intervention and control groups are population-
-based, we compared secular changes in all-cause mortality
in the general population of Litomerice District with those
observed in our IP and CP (Table 4). For IP men, the observed
deaths were only slightly higher than those expected for the
general population whereas observed deaths in CP men were
increased three-fold. Among the smaller number of IP and

Table 3 Change in risk factors in the intervention population after 12 months (Mean change and 95% confidence intervals)

Men (n =68) p-value Women (n =39) p-value
Smoking (%) -32.4% <0.001 -29.5% 0.007
Body mass index (kg/m?) -0.42 (-0.88; +0.04) 0.074 -0.38 (-0.95; +0.18) 0.175
Non-HDL cholesterol (mmol/L) -1.35 (-1.66; -1.07) <0.001 -1.70 (-2.14; -1.25) <0.001
EPAT 1% -4.69 (-6.66; -2.72) <0.001 -4.45 (-5.92; -2.97) <0.001
EPAT 2* +2.24 (+1.39; +3.09) <0.001 +1.84 (0.74; 2.94) 0.002

*EPAT - Eating Pattern Assessment Tool
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Survival after myocardial infarction in Litomerice
District intervention and control groups

085 -

- Log-rank
. i —| test, p=0,048
0.80 A

Kaplan-Meier survival estimates

Figure 1 Kaplan-Meier survival estimates for male and female
patients: 6.7 year follow-up

CP - control population, IP - intervention population

CP women, the observed deaths were higher than expected
in the general population, but the difference was greater in
the IP. This difference was not statistically significant.
Approximately one-half of the deaths in IP women occurred
during the last 1.7 years of follow-up.

Discussion

This prospective, population-based study has shown that
early intervention targeting multiple cardiovascular risk
factors reduced all-cause mortality in young Czech
myocardial infarction survivors during the 1990’s. These
patients were characterized by a remarkably high prevalence
of smoking (47%), type 2 diabetes mellitus (30%), obesity
(51%), and hypertriglyceridemia (66%). The prevalence of
these risk factors mirrors that of the Czech population as
a whole.”#1”) We observed a striking reduction in all-cause
(mainly cardiovascular) mortality among men during the
planned intervention period of 18 months, continuing for
the first 2-3 years after hospital discharge, with no difference
from the control population thereafter. Our observation
(Table 4) that all-cause mortality among IP men, of whom
almost one-third were diabetic, was only slightly higher
than that expected for all Litomerice District men of the
same age during the entire 81 months of follow-up is

Table 4 Comparison of observed deaths in intervention and
control populations (based on 6.7 years of follow-up) with
those expected in the general population of Litomerice
District

Population Intervention population  Control population
Gender Male  Female Male Female
Observed deaths 9 7 16 3
Expected deaths  6.37 2.61 5.21 2.39

Mortality rates in the general population were calculated as a weighted
average of the rates available for the respective follow-up periods for
each of four age groups (35-44, 45-54, 55-64 and 65-74 years) pertinent
to the intervention and control populations, respectively.
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Intervention Age Diabetes Mellitus

_T#
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Darys of follow-up

Figure 2 Time-varying log-hazard ratio estimates of fatal event
with 95% confidence limits based on Gray’s model, male subjects
(intervention and control group together)

The thick line represents the effect of intervention and its modi-
fication by age and diabetes mellitus

consistent with an important intervention effect and, to our
knowledge, unique.

Because our intervention was multifactorial, we cannot
attribute our results to reduction of any given risk factor.
However, the most impressive change in the intervention
group during the planned intervention period was the
observed reduction in smoking from 47 to 16%. Smoking
cessation is known to reduce coronary heart disease.!®
Insulin insensitivity among smokers may be particularly
adverse in patients with the metabolic syndrome."

At the end of the planned intervention period, 90% of
our patients were taking hypolipidemic drugs (two-thirds
statins) and their diet was substantially improved. Until
1995, our control population had almost no access to
hypolipidemic drugs. By 1999, reported use of statins was
60% in the IP and 15% in the CP and that of fibrates was
20% and 17%, respectively. An additional explanation for
the reduced mortality in the CP from 1993-1999 is the
secular improvement in the Czech diet after the political
and economic changes after 1989, including dramatically
increased availability of fruits and vegetables and reduced
consumption of fatty pork meat.?

We observed no significant difference between all-cause
mortality in IP and CP women at any time and mortality
among CP women was surprisingly low. The main reason
is the low number of involved women participants. A more
hypothetical reason, based on data published elsewhere, is
delayed admission of women to coronary care units,*"??
leading to elimination of women at highest risk of death
from hospital discharge cohorts. For our CP women, this
possibility is supported by the fact that 21% of men but only
10% of women in the IP received thrombolytic therapy,
which suggests that most women were admitted more than
12 hours after the onset of symptoms.

A limitation of our study is the use of a historical control
population, which made it impossible to quantify all
characteristics, including the type and extent of myocardial
infarction, potential damage to the left ventricle and status
of coronary arteries assessed by angiography. However, we
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do not believe that important characteristics or treatments
are likely to have differed between our two populations
because they comprised all patients fulfilling our age criteria
who were admitted to the single CCU with a stable staff
and serving an entire district; the probability that, in this
relatively short period (1991-1993), management of patients
changed was low. Approximate estimate of myocardial
damage could be assessed by the number of myocardial
infarctions, which were similar in both groups. In addition,
all CP and IP patients were admitted during a time when
direct coronary interventions were unavailable, the rate of
thrombolyses was similar, and the use of protective
cardiovascular drugs (with the exception of hypolipidemics)
was similar during follow-up.

A strength of our study is that no exclusion criteria with
the exception of age were applied. The results should
therefore be applicable to younger patients surviving
myocardial infarction. In addition, as shown in the recently
presented EUROASPIRE III project, no change in prevalence
of smoking and continuing adverse trends in prevalence of
central obesity were observed.® These surveys clearly show
that coronary intervention and drug therapies are simply
not sufficient and need to be combined with a professional
lifestyle and risk factor intervention. In conclusion,
multifactor intervention after myocardial infarction
dramatically reduced all-cause mortality for about 2.6 years
in men with a high prevalence of the metabolic syndrome
and diabetes in a population with limited availability of
revascularization procedures.

Thanks: We thank Pavel Podrapsky, MD, Chief of the Coronary
Care Unit and Miroslav Jiranek, Director of Litomerice District
Hospital, for their unfailing support and encouragement and
Merck Research Laboratories for providing simvastatin for the
active intervention phase of this study.
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