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Summary. In a screening investigation in 1982,
which included medical history , clinical examina
tion, generallaboratory investigation, and quan
tification of lipids, lipoproteins, and apoproteins
Al and B, 5020 male subjects aged 40 to 59 years
took part. All subjects were free of any heart or
vascular disease at the basic examination. Of them
40 suffered fatal or nonfatal myocardial infarction
(MI) during the first 3-year observation period be
tween January 1982 and Oecember 1984 (inci
dence cases), the others remained free of heart or
vascular diseases (reference group).

Comparison with the reference group revealed
a strong relationship between MI-incidence rate
and LOL cholesterol (correlation coefficient ac
cording to univariate regression analysis r = +
0.248; P value according to Chi-square test P <
0.001). The relationship was less strong but sig-
nificant for age (r = + 0.189; P < 0.001), total
serum cholesterol (r = + 0.197; P < 0.001), and
apoprotein B (r = + 0.195; P< 0.001). Although
statistically significant, the relationships to the
MI-incidence rate were comparatively weak for
HOL cholesterol (r = - 0.09; P< 0.01), apo-Al
(r = - 0.09; P< 0.01), systolic blood presssure
(r = + 0.067; P< 0.05), and blood glucose level
(r = + 0.066; P< 0.05). Body mass index, diastolic
blood pressure, and plasma levels of uric acid, tri
glycerides, and VLOL did not exert relevant influ
ences on the MI-incidence rate in our study popu-

Abbreviations: Apo AI = Apolipoprotein AI; Apo B =
Apolipoprotein B; GRIPS = Göttingen risk, incidencc.
and prevalence study; HDL = High-density lipoproteins;
LDL = Low-density lipoproteins; MI = Myocardial infarc
tion; VLDL = Verly low density lipoproteins

lation. The present results from the ongoing
GRIPS incidence project indicate that LDL
cholesterol reveals a dose-response relationship
with the incidence rate of MI and is the most pow
erful predictor of MI risk. This holds for all investi
gated age groups. LOL-cholesterol concentrations
of 120 and 190 mg/dl seem to be suitable values for
the discrimination of subjects at low and increased
or high MI risk, respectively. The GRIPS project
will be continued in order to reinforce these results
of the first 3-year follow-up.
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Introduction

The prevention of atherosclerosis and its sub
sequent diseases, especially coronary heart disease
and myocardial infarction, is predominantly based
on the elimination of the so-called risk factors [1,
12,30]. This is approached by an early recognition
and consequent treatment of individuals with risk
factors (individual strategy), and also by reduction
of the prevalence of risk factors in the general
population (population strategy) [I, 12, 13,30].

On the basis of results from various epidemio
logical case control or incidence studies as weil as
intervention trials [1, 11-14,22] hypercholesterol
emia and hypertension are considered to be the
major risk factors for coronary heart disease and
myocardial infarction, among numerous other fac
tors which have been discussed in the past as being
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potentially related to atherosclerosis [11].
Cigarette smoking in particular has been discussed
controversially [1,11-13,21,30]. Its role as risk
factor for myocardial infarction may be different
from its influence on the chronic atherosclerotic
process. Similarly, the impact of overweight,
sedentary lifestyle, diabetes mellitus, psychosocial
stress, and other factors on atherogenesis remains
unclear [1,11-13,15,20,30]. With regard to the
atherogenic potential of the various plasma lipo
protein fractions or their constituents (i.e., chole
sterol or apolipoproteins, etc.) differences in the
techniques for measuring these compounds make
it difficult, sometimes impossible to compare the
results of the various studies. This is particularly
true for LDL which, to our knowledge, has so far
not been directly determined in any large prospec
tive study.

Based on this situation we initiated in 1979 the
"Göttingen Risk, Incidence, and Prevalence
Study" (GRIPS). GRIPS consists of several pro
jects [6, 7,22,23] which intend to improve the pos
sibilities of an early recognition of patients with in
creased risk for coronary sclerosis and myocardial
infarction. They focus on the practicability, sen
sitivity, and specificity of modern c1inical chemical
analyses.

An important GRIPS project is the prospective
incidence study, initiated in 1982 [7, 22, 23]. The
first incidence data of this project, based on a 3
year observation period, are described in this com
munication.

Study Participants and Methods

Design of the Study

The basic examinations for the prospective GRIPS
project were performed in the spring of 1982 and
included 6029 German males aged 40- 59 years, all
subjects belonging to one company. They under
went a c1inical examination and were given a stan
dardized questionnaire concerning medical history
(family and individual), social and psychosocial
situation, lifestyle, and life habits. Furthermore,
extensive laboratory investigations were per
formed with special interest in parameters of lipid
metabolism.

In the spring of 1985 the participants were again
contacted in order to record the incidence of
deaths and diseases within the first 3 years of obser
vation. A second follow-up examination is in prog
ress at present. Further examinations are planned
for 1989,1991, and, hopefully, 1994.
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Endpoints of the Study

For the present analyses definite fatal and nonfatal
myocardial infarction were defined as primary
endpoints of the study. Other vascular or heart dis
eases, including suspect myocardial infarction
(fatal or nonfatal), as weil as death by other causes
were defined as additional (secondary) endpoints.

Definite nonfatal myocardial infarction was
considered if an acu te event of typical ischemic car
diac pain was combined with at least one of the fol
lowing two criteria: characteristic ECG changes at
the time of the event; typical enzyme activity pat
tern at the time of the event (CK activity increased
to a value representing at least twice the upper ref
erence limit of the locallaboratory combined with
a CKMB activity of more than 10 U/I and more
than 6% of the total CK activity). Definite fatal
myocardial infarction was considered in cases who
died after hospitalization due to a definite nonfatal
myocardial infarction as defined above, and furth
ermore in persons who suffered sudden death if a
chronic coronary heart disease had been diagnosed
previously by ECG or coronary angiography.

Study Participants

Of the 6029 subjects who took part in the basic
examiniation 5878 answered the questionnaire of
the first follow-up examination (97%). The follow
ing endpoints were registered:
1. Primary endpoints (n = 51): 10 cases of definite

fatal myocardial infarction (including one case
of sudden death) and 41 cases of definite non
fatal myocardial infarction

2. Secondary endpoints (n = 208): two cases of
suspected nonfatal myocardial infarction, 36
deaths due to noncardiovascular causes, 170 in
stances of development of other vascular or
heart diseases.

Cases with secondary endpoints as weil as all par
ticipants (n = 650) who had suffered from any end
point disease at the time of the basic examination
in 1982 were excluded from the following analyses.

Thus, the definite study group consisted of 5020
subjects, among them 40 with definite myocardial
infarction (incidence group) and 4980 subjects who
remained free of any vascular of heart disease until
December 1984 (reference group).

Definition of Investigated Attributes

Besides various continuous variables several dis
crete variables (attributes) were investigated in the
study and defined as folIows:
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1. Positive family history of myocardial infarction:
subjects with at least one first-degree relative
who suffered MI before the age of 60

2. Hypertension: borderline (140-159 mmHg
systolic or 90-94 mmHg diastolic) or high
blood pressure (2: 160 mmHg systolic or 2: 95
mmHg diastolic) at the basic examination

3. Diabetes mellitus: increased blood glucose
levels (2: 120 mg/dl) at the basic examination

4. Smoking: regular consumption of 2: 5 cigaret
tes/day at the basic examination and for at least
1 year prior to this

5. Alcohol consumption: regular = on at least 4
days/week; occasional = on 1-3 days/week;
never = less than once/week

6. Sporting activities: regular = at least 3 h per
week; occasional = less than 3 h but at least
0.5 h per week; never = less than 0.5 h per
week

7. Overweight: body mass index (bmi) >25 kg/m2

Laboratory Methods

In the basic examination of this study a multitude
of c1inical chemistry parameters were measured.
Special interest was focused on lipid metabolism.
Therefore, besides total serum cholesterol and
triglycerides, which were quantified by means of
commercially available fully enzymatic procedures
(Boehringer, Mannheim, FRG), the cholesterol
levels of all major lipoprotein fractions were di
rectly measured by various laboratory techniques:
(a) quantitative lipoprotein e1ectrophoresis [27];
(b) determination of HDL-cholesterol by precipi
tation techniques: precipitation with heparin-mag
nesium-chloride (Merck, Darmstadt, FRG) and
by sodiumphosphotungstate precipitation
(Boehringer, Mannheim, FRG); (d) determina
tion of LDL- cholesterol by precipitation
techniques: selective precipitation of LDL with
heparin in an acidic medium [28] (Merck,
Darmstadt, FRG). Apoproteins Al and B were di
rectly measured by kinetic immun-nephelometry
[26,29]. Since the precipitation and electrophore
tic procedures of lipoprotein quantification gave
almost identical resuIts in this study as weil as in
previous investigations [5], only data from quan
titative lipoprotein electrophoresis are discussed in
this presentation.

At the time ofblood drawing, participants were
in a 5 to 6-h postprandial state for practical
reasons. With respect to blood glucose levels 5 to
6 h after ingestion only minor changes have to be
expected in norm als. In fact the glucose levels in
our population are almost identical to those seen in
another epidemiological study, where blood was

Klin Wochensehr (1988) 66 (Suppl XI)

drawn after a 12 h fasting period [2]. In pilot
studies [5, 31] serum levels of cholesterol, lipopro
teins, and apoproteins, proved to be virtually iden
tical in fasting and postprandial states, provided
the analyses were performed using the above-men
tioned laboratory techniques. Triglycerides are
potentially the main problem in postprandial
laboratory analyses. However, the following facts
indicate that our results concerning triglycerides
should not be relevantly influenced by the blood
drawing conditions of the study:
1. Pilot studies [31] revealed that in normals tri

glyceride values are only slightly increased 5 to
6 h after ingestion as compared to the fasting
state.

2. The same pilot study [31] showed that the prin
cipal procedure to measure the lipoproteins in
GRIPS (quantitative lipoprotein elec
trophoresis, which retains chylomicrons and
their remnants at the origin) provides the possi
bility to calculate "fasting" triglyceride con
centrations from the concentrations of ß, pre
ß-, and a-lipoproteins with high accuracy. The
calculated triglyceride values found in our study
population are in good agreement with the fast
ing triglyceride concentrations found in white
American male subjects of the same age group
[18] and are even lower than those described for
another German epidemiologie study [2],
where blood was drawn in a 12-h fasting state.

To have the postprandial and the calculated "fast
ing" triglyceride values may in fact be of impor
tance in the evaluation of the role of these lipids in
atherogenesis. Für the present analyses we used
the calculated "fasting" triglyceride values.

Statistical Methods

Associations between the various variables and the
primary endpoints were evaluated after direct age
adjustment of the incidence and the reference
group. Differences in me an values were tested for
significance using Student's t-test. Univariate
logistic regression analyses according to Cox [4] for
modelling incidence rates of primary endpoints to
various variables were performed. The influences
of the variables were tested for significance using
the likelihood ratio test. Finally, we compared
incidence rates of myocardial infarction in differ
ent subgroups of our population stratified for vari
ous attributes. To calculate age-adjusted odds
ratios we used four fold tables separately in 5-year
age groups. The statistical significance of the age
adjusted odds ratios was tested using the Mantel
Haenszel test.
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Table 1. Relationship between age and the MI incidence rate:
number of subjects and new events of myocardial infarction as
weil as incidence rate/1 000 participants during a 3-year observa
tion period (January 1982-December 1984) in 5-year age
groups

Age group nNeweventsMI incidence

(years)

rates

40-44

195042.0
45-49

1450128.3
50-54

11131513.5
55-59

507917.8

Total

5020408.0

Results

Age proved to be a variable with a strong and con
sistent relationship to the incidence rate of myocar
dial infarction (MI) in our study. This becomes evi
dent from significant differences in the mean val
ues for age between the incidence and the refer
ence group (51 +/-5 vs 47+/-5 years;p < 0.0001)
and additionally from high and significant regres
sion coefficients between age and the MI-inci
dence rate (r = 0.189; P< 0.001). Furthermore, it
becomes obvious (Table 1) that the 3-year MI-inci
dence rate is markedly increased with age from 2.0
new events in 40- to 44-year-old subjects up to
17.8 cases/1000 participants in persons aged 55 to
59 years. In order to exclude the influence of age on
the MI-incidence rate as a possible confounding
factor for the relationships between other vari
ables and the MI risk, the following evaluations
were performed after suitable direct age adjust
me nt.

The mean values of other investigated continu
ous variables in the incidence and reference group
(Table 2) indicate that pronounced differences
were found for total serum cholesterol. This is con
firmed by univariate regression analyses which re-
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veal a strong and statistically significant correla
tion for this variable to the MI-incidence rate.
Comparatively weak and inconsistent, but positive
relationships to the MI risk are also evident for
serum triglycerides (measured postprandial con
centrations as weil as calculated fasting values),
systolic blood pressure and blood glucose level,
whereas body mass index, diastolic blood pres
sure, and the serum level ofuric acid do not seem 10
exert any influence (Table 2).

These results are confirmed by the incidence
rates of MI (MI cases per 1000 participants during
the 3-year observation period) in subgroups with
and without various attributes (Table 3). Obvi
ously total serum cholesterol again exerts pro
nounced influence: According to the age-adjusted
odds ratio subjects with cholesterollevels equal to
or above 245 mg/dl had a 3.5-fold increased MI
risk as compared to persons below this value. A
similar 3.2-fold increase of MI risk is evident for
persons with a positive family history of MI. Com
paratively weak but significant increases of the MI
risk (odds ratios around 2.0) were found for hyper
tensive vs normotensive persons, for smokers vs
nonsmokers, and for hypertriglyceridemic vs nor
motriglyceridemic subjects (according to mea
sured postprandial concentrations as weil as calcu
lated fasting values). Persons with a regular physi
cal activity reduce their risk approximately by one
half as compared to those preferring a more seden
tary lifestyle. An even more pronounced decrease
in MI risk was found for persons who drink alcohol
at least occasionally as compared to subjects who
drink alcohol almost never. No significant differ
ences in MI-incidence rates were seen between
diabetics vs nondiabetics and between overweight
persons vs those with normal weight.

In accordance with pathophysiological con
cepts, we found an even more pronounced re
lationship to the MI risk for LDL-bound choles-

Table 2. Age-adjusted mean va lues and standard deviations of continuous variables in persons who suffered myocardial infarction
during a 3-year observation period (MI +) and those who remained free ofheart or vascular diseases (MI-O). Regression coefficienls
are derived from univariate logistic regression analyses according 10 Cox [4]

Mean (SD)PvalueUnivariale regression analysis
Variable

MI+MI-O(t-test)RegressionPvalue

(n = 4980)
(n = 40) coefficienl

Body mass index (kg/m2)

26 (3)26 (3)NS-NS

RR systolic (mmHg)
135(18)131 (15)NS0.067*

RR diastolic (mmHg)

87 (8)86 (9)NS NS

Glucose (mgldl)

111(32)102 (29)
*0.066

Uric acid (mgldl)

5.8 (5)5.9 (6)NS NS

Cholesterol (mgldl)

261 (39)226 (40)
***0.197

Triglycerides (mgldl)

173 (74)150 (79)
*0.034NS

NS = not significant; • = P < 0.05; H = P < 0.01; H* = P = 0.001



46 Klin Wochensehr (1988) 66 (Suppl XI)

Table 3. Age-adjusted incidence rates of myocardial infarction (incidence cases per 1000 participants during 3 years of observation)
in subjects with (AB+) or without (AB-) various attributes.The age-adjusted odds ratios indicate the relative increase or decrease
of MI risk in AB+ as compared 10 AB- subjects

Attribute (AB) (11: AB-/AB+) MI incidence rates inAge-adjusted
AB- subjects

AB+ subjectsodds ratioP value

Family history MI (11: 4571/449)

7.017.83.2**

Hypertension (n: 2545/2475)

6.812.62.1
Diabetes mellitus (n: 3869/1151)

7.011.31.5NS

Overweight (11: 1726/3294)

4.69.71.6NS

Smoking (11: 3243/1777)

6.111.31.9
Alcohol+ (11: 563/4457)

16.07.00.4

Sports+ (n: 3037/1983)

10.24.50.5NS

Cholesterol2245 mg/dl (n: 3552/1468)

4.516.43.5**.:f.:

Triglycerides 2200 mg/dl (n: 4016/1004)

6.414.02.3

NS = not significant; • = P< 0.05; •• = P< 0.01; ••• = P< 0.001

terol than for total cholesterol: LDL-cholesterol
(LDL-C) showed a similar strong relationship to
the MI-incidence rate in univariate regression
analyses and more pronounced differences in the
mean values of incidence and reference subjects
(Table 4). HDL-bound cholesterol seems to be a
component which might be inversely associated
with the MI risk. It reveals higher mean values in
the reference as compared to the incidence group
and a negative regression coefficient with the MI
incidence rate (Table 4). However, these data are
less impressive than those for LDL-cholesterol.
No significant differences in mean values and no
relationship to the MI-incidence rate according to
univariate regression analyses can be seen for
VLDL-cholesterol (Table 4).

Apo-Al, the main protein component of HDL
reveals very similar relationships to the MI risk as
its corresponding lipoprotein HDL. Apo-B, the
main protein of LDL, but also present in VLDL, is
positively related to he MI risk. This correlation

however is weaker than that for LDL-cholesterol

(Table 4).
Using threshold values for lipid, lipoprotein,

and apoprotein parameters wh ich are derived from
a previous GRIPS case control project [22] we
found pronounced differences for the MI-inci
dence rate between subjects with normal and
pathological levels of these various variables
(Table 5). This is especially true for LDL-choles
terol: the odds ratio indicates that subjects with
LDL-cholesterollevels equal to or above 170 mg/
dl have an almost six fold increased MI risk as com
pared to persons with LDL-cholestrol below this
value. Decreased HDL-cholesterol levels below
35 mg/dl are associated with a 2.8 fold increase in
MI risk. Despite the fact that VLDL-cholesterol
revealed no significant univariate relationship to
the MI-incidence rate, subjects with serum levels
above 30 mg/dl seem to be at a 2.3-fold increased
MI risk as compared to persons with lower VLDL
cholesterol concentrations. Apo-B and Apo-Al

Table 4. A ge-adjusted mean values and standard deviations of1ipid, lipoprotein, and apoprotein parameters (mg/dl) in persons who
suffered myocardial infarction during a 3-year observation period (MI + ) and those who remained free of heart or vascular diseases
(MI-O). Regression coefficients are derived from univariate logistic regression analyses according to Cox [4]

Mean (SD)Pva1ueUnivariate Regression analysis
Variable

MI+MI-O (r-test)RegressionPvalue
coefficient

Total cholesterol

261 (39)226(40)
•••0.197**'"

Triglycerides

173 (74)150 (79)
·0.034NS

LD L-cholesterol

178 (30)144 (33)
...0.248•• *

VLD L-cholesterol
27 (15)24 ( 17) NS0.026NS

HD L-cholesterol
46 (9)49 (12)

•-0.09

ApoB

125(21)108(21)
***0.195***

ApoAI

105 (20)114(25)
•-0.09

LD UH DL-cholesterol

4.1 (1.1)3.2 (1.1)
.*.0.238.**

ApoB/Al

1.2 (0.3)1.0 (0.3)
•• *0.155***

NS = not significant; • = P< 0.05; •• = P < 0.01; ••• = P< 0.001
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TabIe 5. Age-adjusted incidence rats of myocardial infarction (incidence cases per 1000 participants during 3 years of observation)
in subjects with (AB+) or without (AB-) pathologic values of lipid, lipoprotein, and apoprotein parameters. The age-adjusted
odds ratios indicate the relative increase of MI risk in AB+ as compared to AB- subjects

Age-adjusted
MI incidence ratesAttribute (AB)

in subjectsAge-adjusted
(11: AB-/AB+)

AB-AB+odds ratioPvalue

Total cholesterol (11: 3552/1468)

2:245 mgldl4.516.43.5'**
Triglycerides (11: 4016/1004)

2:200 mg/dl6.414.02.3

LDL-cholesterol (n: 4028/992)

2: 170 mg/dl4.024.25.7***

VLDL-cholesterol (n: 3825/1195)
2: 30 mgldl6.313.52.3

HDL-cholesterol (n: 4415/605)
< 35 mg/dl6.617.82.8,*

Apo B (11: 4367/383)

2:140 mgldl6.031.35.2
Apo Al (n: 306111959)

< 105 mg/dl6.410.31.5NS

LDUHDL-cholesterol (n: 4066/952) 2:4.0

5.220.03.8*"

Apo B/AI (n: 3347/1517)
2:1.14.615.83.8

NS = not significant; , = P < 0.05; ** = P< 0.01; '" = P< 0.001

Table 6. Number of MI incidence cases and MI incidence rates
(incidence cases per 1000 participants during 3 years of observa
tion) in various subgroups stratified for LDL-cholesterol

LD L-cholesterol Age-adjusted MI
(mg/dl)

nincidence rates

<120

11290.9

120-139

12455.6
140-159

11485.2
160-169

4764.2

170-189

58717.0

190-199

14627.4
2:200

28934.6

Table 7. Discrimination between persons who developed
myocardial infarction (MI +) and those who remained healthy
(MI-O) during a 3-year observation period (1982-1984) accord
ing to various screening levels ofLDL-cholesterol (mgldl): sen
sitivity (%), specificity (%), and positive predictive values (%)

LDL-cholesterol Positive
screening levels

SensitivitySpecificitypredictive
(SL)

(MI+ >SL)(MI-O<SL)value

120

98231.0
140

80481.2
170

60802.4
180

43872.6
190

35923.5

again show similar but substantially weaker asso
ciations with the MI risk as compared to their cor
responding lipoproteins, LDL or HDL, respec
tively.

In this study LDL-cholesterol was not only
most strongly associated with the MI-incidence
rate, but it also revealed a dose-response relation-

ship with this disease (Table 6). It is evident that
MI risk is negligible at LDL-cholesterol values
below 120 mg/dI. If LDL-cholesterol exceeds
120 mg/dl the 3-year incidence rate increases to
about five new events per 1000 subjects and re
mains rather constant upt to the range of 170 mg/
dI. If LDL-cholesterol exceeds 170 mg/dl the MI
incidence rate rises three fold to 17/1000. A further
two fold increase up to approximately 30/1000 is
evident in persons with LDL-cholesterol levels
equal to or above 190 mg/dl. From this level on
wards the MI-incidence rate rises continuously
with the LDL-cholesterol values.

With regard to practical purposes it is of major
importance to focus on sensitivity, specificity, and
the positive predictive value of a parameter. In the
present study this can be achieved by assuming var
ious LDL-cholesterol concentrations as screening
levels for the discrimination between persons who
developed MI and those who remained healthy
during the 3-year observation period (Table 7). A
screening level of 120 mg/dl LDL-cholesterol pro
vides excellent sensitivity (98%) but poor specific
ity (23%) and only a low positive predictive value
(I %; Table 6). Using 170 mg/dl as a screening level
decreases sensitivity to 60% but increases specific
ity to 80% and reveals a positive predictive value of
2.4%. A screening level of 190 mg/dl provides a
rat her poor sensitivity (35%) but excellent speci
ficity (92%) and a positive predictive value of3.5%
wh ich is markedly increased as compared to that
obtained at the lower threshold values. If HDL
cholesterol (screening level 35 mg/dl) is used com
paratively to discriminate incidence and reference
subjects a specificity of 88%, a sensitivity of 28%,
and a positive predictive value of 1.8% are ob
tained.
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Table 8. Incidence rates of myocardial infarction (incidence
cases per 1000 participants during 3 years of observation) in var
ious subgroups stratified by LDL-cholesterol. The data are
given separately for smokers and nonsmokers

LDL-cholesterol NonsmokersSmokers

(mg/dl)

11
MI rate

11
MI rate

<140

15863.87882.5

140-169

10583.85627.1
170-189

3688.221932.0

::::190

23130.320434.3

Discussion

The first results from the GRIPS incidence project
as described here reveal apredominant relation
ship between LDL-cholesterol and MI risk. This
was much more pronounced then that of other in
vestigated variables and independent of age. Ac
cording to the present da ta one might speculate
that LDL-cholesterol values of 120 and 190 mg/dl
merit special interest with regard to the discrimina
tion of persons at various levels of MI risk: LDL
cholesterol concentrations below 120 mg/dl see m
to indicate low, while values above 190 mg/dl seem
to indicate high MI risk. LDL-concentrations be
tween 120 and 190 mg/dl indicate a critical con
centration . In this range of LD L-cholesterol, other
potential risk factors which are rather weak predic
tors in the total population (such as hypertension,
diabetes, smoking, or low HDL-cholesterol) might
be of increased "additive" importance for the indi
vidual MI risk [21].

A major aim of our future GRIPS evaluations
will be to test this "additive risk factor" hypothesis.
Preliminary data along this line (Table 8) may indi
cate the potential additive risk for smoking. Smok
ers and nonsmokers with LDL-cholesterol levels
below 140 mg/dl have an equally low MI risk, while
for LDL-cholesterol levels between 140 and
190 mg/dl smokers obviously have a 2 to 4-fold
higher MI risk as compared to nonsmokers.
Beyond 190 mg/dl LDL-cholesterol, the risk of
smokers and nonsmokers again becomes similar,
i.e., equally high.

Taken together the present 3-year follow-up
data of the GRIPS incidence project indicate that
LDL-cholesterol merits special interest as an im
portant variable in a future diagnostic schedule for
early recognition of persons at highrisk. Other var
iables, however, also have to be taken into consid
eration for such a diagnostic scheme, either as in
dependent or as additive, LDL-accelerating or in
hibiting factors.
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Our findings with regard to the close relation
ship of LDL-cholesterol to MI risk are in good ag
reement with our present pathophysiological
knowledge of the impact of lipid metabolism in
atherogenesis [3, 9, 19] and with results from other
incidence studies and more important with inter
vention trials [13, 14]. However, there are also
contradictory epidemiological data or interpreta
tions [2, 10, 16] suggesting that HDL-cholesterol
might be as good as or even better than LDL
cholesterol in predicting MI risk. Such discrepan
cies might be due to the fact, that in most
epidemiologic studies LDL-cholesterol if quan
tified at all was calculated using the so-called
Friedewald formula [8]. This procedure has
proved to be rather poor in precision and accuracy
as compared to a direct measurement of LDL
cholesterol [5, 25], which was used in the GRIPS
study.

Because our data presented here are based only
on 40 new events of myocardial infarction in 3
years, it is too early to make any definite statement
or to claim general validity other than to underIine
the great importance of the analytical technology
used in epidemiological studies. Results from the
future GRIPS follow-up examinations will be
based on an increased number of incidence cases
and thereby provide stronger and more reliable re
sults.
The GRIPS study is supported by the Bundesministerium für
Forschung und Technologie of the Federal Republic of Ger
many, the Forschungsrat Rauchen und Gesundheit, and the
Verband der Lebensversicherungsunternehmen Deutschlands
e.V.
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