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Cardiac Infarction Injury Score predicts
cardiovascular mortality in apparently healthy
men and women

Jacqueline M Dekker, Evert G Schouten, Jan Pool, Frans J Kok

Abstract
Objective-The Cardiac Infarction Injury
Score (CUS) is an electrocardiogram
classification system that was developed
to identify ischaemic heart disease. As
well as being ofdiagnostic value, the CUS
may also be ofprognostic value.
Design-The prognostic value ofthe CIIS
for mortality of coronary heart disease
and cardiovascular disease was assessed
in a 28 year follow up study of3091 appar-
ently healthy middle aged men and
women (Dutch Civil Servants Study).
Results-The rates ofcoronary heart dis-
ease and cardiovascular disease mortality
during the first 15 years offollow up were
significantly higher in men and women
with a CIIS of >10 than in those with a
CHS of <0 (rate ratio of coronary heart
disease mortality 2*9 (95% confidence
interval 1-5 to 5.8) for men and 5-6 (2.0 to
15.5) for women). Coronary heart disease
mortality was also higher in men with a
CIIS of 1-10 than in men with CIIS of < 0.
When individuals with major Minnesota
code items were excluded, the associa-
tions were weaker and no longer statisti-
cally significant.
Conclusion-These results indicate that a
high CIIS is a risk indicator for coronary
heart disease mortality in the general
population. Classification of electrocar-
diograms by means of the CIIS- seems to
be equivalent to classification by a com-
bination of Minnesota code items.
Because CIIS coding is simpler and can
be performed by computer it may be
more efficient than the Minnesota code
for classifying cardiac injury in epidemio-
logical studies.

(Br Heart J 1994;72:39-44)

Electrocardiography is an elegant technique
that is used in clinical practice and research
to assess some types of heart disease. More-
over, minor electrocardiographic abnormali-
ties, which are common in apparently healthy
individuals, have been found to be predictive
for the risk of future cardiovascular morbidity
and mortality.'-3 Most epidemiological studies
use the Minnesota code to classify electro-
cardiographic findings. The Minnesota code
was developed in the 1960s in an attempt to
standardise visual interpretation of electro-
cardiograms.4 It has been extensively used in
epidemiological studies to identify subjects

with ischaemic heart disease. However, the
Minnesota code is quite laborious and liable to
misclassification because of coder variability.57
The Cardiac Infarction Injury Score (CIIS)

is an electrocardiogram classification system,
which can be coded by computer. It is based
on the power of certain electrocardiographic
characteristics to discriminate between
myocardial infarction patients and healthy
individuals.8 These characteristics are
weighted and combined into a single score.
Subjects with a high CIIS (20 or more) are
likely to have had myocardial infarction.

In the Multiple Risk Factor Intervention
Trial the predictive power of the CIIS was
investigated in middle aged men at high risk
of coronary heart disease. A CIIS of > 10 was
prognostic for coronary heart disease mortal-
ity in hypertensive men in the intervention
group but not for men in the "usual care"
control group.9 This finding raises the ques-
tion whether the CIIS is of prognostic value in
the general population too. Therefore, we
studied the CIIS in relation to cardiovascular
and coronary heart disease mortality among
3091 apparently healthy middle aged men
and women.

Methods
STUDY POPULATION
A cohort of 1583 men and 1508 women, aged
40 to 65 years, took part in a general health
survey in 1953-.1954. The aim of this survey
of civil servants and their spouses in
Amsterdam was originally the early detection
of chronic disease in apparently healthy indi-
viduals. Just over half (54%) of the 11 700
civil servants were willing to participate, with
or without their spouses. The study popula-
tion is an age and sex stratified sample of
these volunteers. Information on survival or
cause of death was missing for 19 men and 12
women, so our study group was made up of
1564 men and 1496 women.

In the present study we used a case-cohort
design to limit the number of electrocardio-
grams to be coded.10 In such a design all the
incident cases are compared with a represen-
tative sample of the cohort in which they
arose. The design resembles the nested case-
control design in which all incident cases are
compared with a sample of the non-cases
only. The case-cohort design, however, has
the advantage that incidence density ratios
can be estimated, rather than the odds ratio,
which measures association in case-control
studies. Furthermore, with a case-cohort

Department of
Epidemiology and
Public Health,
Agricultural
University
Wageningen, The
Netherlands
JM Dekker
E G Schouten
F J Kok
Thorax Center,
Erasmus University
Rotterdam, The
Netherlands
J Pool
Correspondence to:
Ms Jacqueline M Dekker,
Department of
Epidemiology and Public
Health, Agricultural
University Wageningen,
PO Box 238, 6700 AE
Wageningen,
The Netherlands.
Accepted for publication
8 November 1993

39
 on M

ay 19, 2023 by guest. P
rotected by copyright.

http://heart.bm
j.com

/
B

r H
eart J: first published as 10.1136/hrt.72.1.39 on 1 July 1994. D

ow
nloaded from

 

http://heart.bmj.com/


Dekker, Schoulten, Pool, Kok

design data processing can be started before
follow up is complete. Samples of 723 men
and 498 women (twice the expected number
of cardiovascular deaths) were drawn to
represent the cohort. We coded the random
sample of electrocardiograms and all electro-
cardiograms from the cardiovascular deaths
(966 men and 655 women).

DATA COLLECTION
The general health survey in 1953-1954
included the recording of a 12 lead electrocar-
diogram on a one-channel Elema ink jet
electrocardiographic recorder (Minograph).
Blood pressure readings were taken in supine
position on the right arm and total serum cho-
lesterol was determined by Saifer and
Kammerer's modification of the Liebermann-
Burchard reaction. Body weight and height
were measured to calculate body mass index
and subjects were asked about their smoking
habits."

Recently electrocardiograms were coded
according to Minnesota Code and the CIIS.
Table 1 lists the items that contribute to the
CIIS. Coders were blinded to other baseline
information and survival. We also obtained
minute measurements of PQ, QT, and RR
interval, ST segment, and T wave amplitude.

Survival data until 1981 were established
for 99-9% of the population through the
records of the Dutch Civil Servants Pension
Fund (ABP). The cause of death until 1981
was obtained from the Dutch Central Bureau
of Statistics (CBS) for 98-0% of the men and
98 1% of the women who died. The follow up
procedure has been described in detail else-
where.'2

Table 1 Items in the cardiac infarction injury score

Component number Contibution

(1) Duration ofQ in lead aVL (ms):
Q absent 5
lOims 1
20ms 3
30ms 9
40ms 10
50ms 12

(2a) Amplitude of positive T in lead aVL
0O-5mmor>3mm 3

(2b) Amplitude of negative T in lead Number ofmm x 2
aVL (mm)

(3) Amplitude of negative QRS in lead Number ofmm x -1
aVR <5 mm

(4) Amplitude of negative T in lead No negative phase 6
aVR (mm):

1 3
2 -5
3 -8
4 -10
5 -12
6 -14
7 -16
8 -18

(5) Largest Q/R amplitude ratio in 12
lead I or aVF > 1/5

(6) Duration ofQ in lead I or AVL 5
>40 ms

(7) Amplitude ifT in lead m > 1 mm 7
(8) Amplitude of positive T in lead VI 4

>2mm
(9) Amplitude ofR in lead V2 <3 or 5

>14 mm
(10) Amplitude of negative T in lead V2 5

1/4 mm
(11) Largest Q/R amplitude ratio in 9

lead V3 >1/20
(12) Amplitude of S in lead V5 <2 mm 5

Cardiac Infarction Injury Score for visual coding, version
revised in consultation with Dr Rautaharju. Items 5-12 are
dichotanous (yes/no).

Causes of death were classified according
to the International Classification of Diseases,
9th revision.'3 End points were cardiovascular
(ICD-9 390-460) and coronary heart disease
(ICD-9 410-414) mortality. Causes of death
before 1969, originally coded according to the
6th and 7th revision, were recoded according
to the 9th revision by the Central Bureau of
Statistics using the original death certificates.
These mortality categories were not substan-
tially different in the 8th and 9th revisions.

DATA ANALYSIS
Participants were classified in three categories
of CIHS: <0 (low), 1-10 (intermediate), and
>10 (high). The cut off point of 10 has been
described before.9 To study the risk in sub-
jects with moderately increased CIlS we
selected the highest quartile (cut-off point 0).
We tested for overall between-group differ-
ences in relevant characteristics in the sample:
using the Tukey-Kramer method, which
adjusts for multiple comparisons.
We estimated rate ratios (incidence density

ratios) of cardiovascular and coronary heart
disease mortality by Poisson regression, using
all cases and the person time at risk estimated
from the sample. We used the SAS Interactive
Matrix Language to adapt standard errors to
the case-cohort design.'415 We included pos-
sible confounding factors in the multivariate
Poisson regression model in categories by
using dummy variables. The age categories
were < 50, 50-60, and > 60. All other
confounders were stratified in approximate
tertiles. For men cut-off points were 125 and
145 mm Hg for systolic blood pressure, 5*9
and 7 0 mmol/l for serum cholesterol, 23-4
and 25-6 kg/M2 for body mass index, and 3
and 70 cigarettes a week for smoking. For
women these cut-off points were 135 and 155
mm Hg, 6-2 and 7-5 mmol/l, 24-7 and 27X6
kg/im2, and 0 cigarettes a week (2 smoking
categories) respectively.

During long follow up periods the predic-
tive value of a single baseline measurement
usually gets less, therefore we calculated rate
ratios not only for the full 28 year period but
also for the first 15 years of follow up. Note
that the number of subjects in the analysis
depends on end point and period of follow up.
The number of subjects in the random sam-
ple, from which the person time is estimated,
remained the same in all analyses but the
number of cases was different.
We evaluated the predictive value of each

component of the CIIS by including these 12
items separately in a multivariate model.
Eight of the items are dichotomous and the
four other items, which are measurements of
amplitude, were categorised into two strata.
To evaluate whether the predictive value of

CIIS was independent of the Minnesota
Code, we first excluded the major Minnesota
Codes one category at a time (Q-QS waves
1 1, 1*2; high R waves 3 1, 3-2, 3 4; ST and T
abnormalities 4-1, 4-2, 5-1, 5-2; and intraven-
tricular conduction defects 7-1, 7-2, 7.3, 7.4,
7-6, 7 7, 7 9). Finally we excluded subjects
with any major Minnesota Code item. We
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Cardiac infarction injury score predicts cardiovascular mortality in apparently healthy men and women

Table 2 Baseline charactestics and mortalty m categones of the cardiac infarctiom injury
score (CIIS) in the random sample (Dutch Civil Servants Study) (mean (SD))

CLlS 1< O CIIS 1-10 CIIS >10

Men: 531 (698)* 144 (246) 48 (75)
Age (y) 52-0 (7.6) 53-2 (69)t 58-3 (7-0)t
Cholesterol (mmol/l) 6-6 (1-2) 6-6 (1-4) 7-0 (1-7)
Systolic blood pressure (mm Hg) 138 (17) 141 (19)t 148 (23)t
Body mass index (kg/mm2) 24-7 (2 6) 24-4 (2 9) 24-8 (3 0)
Smokers (%) 63-3 63-9 54-2
No of cigarettes 73 9 (54 4) 69-0 (45 9) 65-8 (58 7)
Minnesota 1 codes (%) 1-3 49 37-1t
Minnesota 4 codes (%) 19 49 33-3t
Minnesota 5 codes (%) 1-7 7-6 43-7t
28 year (15 year) CVD (%) 22-4 (7 9) 29-9 (16-0) 37-5 (27-1)
28 year (15 year) CHD(%) 11-5 (45) 16-7 (11.1) 18-8 (16-7)

Women: 358 (464) 111 (148) 29 (43)
Age (y) 51-4 (7.2) 52-9 (7-8)t 55-4 (7 7)t
Cholesterol (mmol/l) 7-2 (1-6) 7-2 (1-3) 7-8 (1-8)
Systolic blood pressure (mm Hg) 149 (23) 148 (23) 157 (22)
Body mass index (kg/mm2) 26-4 (3 5) 26-2 (3 5) 27-7 (3.4)
Smokers (%) 36-3 42-3 17-2
No of cigarettes 16-3 (21-2) 24-8 (32 6) 5*0 (8 9)
Minnesota 1 (%) 2-0 2-7 13-8
Minnesota 4 (%) 70 13-5 34-5t
Minnesota 5 (%) 3.9 13-5 34-5t
28 year (15 year) CVD (%) 12-6 (2.8) 18-0 (4.5) 24-1 (241*)
28 year (15 year) CHD (%) 6-1 (2.0) 4-5 (0) 17-2 (17-2)

CHD, coronary heart disease mortality; CVD, cardiovascular disease mortality.
* Number of subjects in the random sample (total of subjects in random sample and all cardio-
vascular deaths from the cohort). Data are missing for some variables.
tSignificant F-test (p < 0 05) over the CIIS categories; indicated value significantly different
from category of CIIS of <0 (Tukey-Kramer test, p < 0.05).
tSignificandy different from category CGS of < 0 (t test for difference between two proportions,
p < 005).

compared the predictive value of models
based on the Minnesota Code (codes I,1, 1-2,
4-1, 42, 5-1, 5.2) and on CIIS (CIIS >10)
using receiver operator characteristics (ROC)
Curves.'6 These curves represent the sensitivity
and 1- specificity of risk predicted by regres-
sion models compared with the observed risk.

Results
The mean CIIS in both men and women is
-4 (range -35 to 45). The prevalence of

intermediate CIHS (CIIS 0-10) was 19-9% in
men and 22-3% in women, and the preva-
lence of high CIIS (CIHS > 10) was 6-7% in
men and 6-5% in women. Table 2 shows the
distribution of cardiovascular risk factors, sev-

eral Minnesota Codes, and mortality in the
CIIS categories. Mean age, the percentages in
the specified Minnesota Codes, and systolic
blood pressure (only in men) were signifi-
cantly higher in those with a high CIIS than in
those with a low CIIS. The values for these
variables were somewhat higher in those in
the intermediate CIIS category but not signi-
ficantly so.

Table 3 shows the rate ratios of cardiovas-
cular and coronary heart disease mortality for
several major Minnesota Codes. As expected,
codes for Q waves or ST-T abnormalities
were predictive of coronary heart disease mor-
tality, mostly in men. In the presence of major
Q-wave codes mean CIHS was 13 (men) and
16 (women); and in the presence of repolari-
sation abnormality codes it was 14 (men) and
5 (women).

Table 4 shows age adjusted and multivari-
ate adjusted rate ratios for cardiovascular and
coronary heart disease mortality in categories
of CIIS. Mortality from coronary heart dis-
ease during the first 15 years was three fold
higher in the high CIHS category than in the
low-CIHS category. Rate ratios for cardiovas-
cular disease mortality were lower, but still
significantly different from 1. For the full 28
year follow up time all rate ratios were lower,
and among women the relative rate of cardio-
vascular disease mortality was no longer sig-
nificant.

In men there was a significant association
between intermediate CIIS and cardiovascu-

Table 3 Relative rates ofCHD and CVD mortality* (incidn density ratios) in categories ofMinnesota Codes (Dutch
Civil Servants Study)

15 years 28years

Minnesota Code CHD CVD CHD CVD

Men:
1 1/1 2:
Age adjusted 5-1 (2-5-10-6) 4-3 (2.2-8.5) 3-2 (1-5-6-6) 2-4 (1-2-4-6)
Multivariate' 6-2 (2-9-13-0) 5-0 (2.7-9.5) 3-7 (1-8-7-5) 2-7 (1-4-5-0)

Any 3 code:
Age adjusted 1-3 (0 6-2 7) 2-0 (1-2-3-3) 1-1 (0-6-1-9) 1-5 (1 0-2-3)
Multivariate 1 1 (0 5-2 2) 1-6 (0.9-2.8) 1 0 (0-6-1-6) 1-3 (0.9-2.0)

4- 1/4-2:
Age adjusted 2-6 (1 1-6-0) 3-1 (1-6-5-9) 2-4 (1-3-4-7) 2-1 (1-2-3-6)
Multivariate 2-2 (0-9-5-0) 2-6 (1-4-5-1) 2-1 (1.1-4.0) 1-7 (1.1-3.2)

5- 1/5-2:
Age adjusted 4-7 (2.2-9.7) 4-1 (2-1-7-8) 3-0 (1-6-5-8) 2-5 (1-4-4-3)
Multivariate 5-5 (2-7-11-1) 4-6 (2A4-8-8) 3-5 (1-9-6 3) 2-7 (1-6-4-6)

Any 7 code:
Age adjusted 0-7 (0-41-2) 1-3 (0 3-5 4) 0.7 (0.5-1-0) 0.9 (0-7-1-2)
Multivariate 0-8 (0-4-1-5) 1.1 (0-7-1-6) 0-8 (0-5-1-2) 1 0 (0-8-1-2)

Women:
1 1/1 2:
Age adjusted t 2-3 (0-7-8-0) 3-6 (1 2-11-4) 2-6 (1.0-7 3)
Multivariate - 1-9 (0.5-6.8) 3-5 (1.1-11-3) 2-5 (0.8-7.6)

Any 3 code:
Age adjusted - 2-9 (1.0-8.5) 1-2 (0-3-4-9) 1-4 (0.6-3 4)
Multivariate - 3-0 (1{0-8 9) 1-2 (0-3-5-1) 1-5 (0 6-3-6)

4-1/4-2:
Age adjusted - 2-0 (0 8-4 8) 0-6 (0 2-1-9) 1 1 (0 6-2 2)
Multivariate - 1-8 (0 7-4-7) 0 5 (0 1-1-7) 1-1 (0-6-2-1)

5- 1/5-2:
Age adjusted - 2-3 (0 9-6-0) 1-7 (0 6-4 9) 1-6 (0 7-3 4)
Multivariate - 2-0 (0-7-5 6) 1-4 (0 5-4 3) 1-5 (0-7-3-2)

Any 7 code:
Age adjusted - 1-3 (0 6-2 6) 0 5 (0-2-1-1) 0 9 (0-5-1-4)
Multivariate - 1-2 (0-6-2 6) 0 4 (0 2-9-9) 0-8 (0-5-1-3)

CHD, coronary heart disease motality; CVD, cardiovascular disease mortality.
* Adjusted for age, systolic blood pressure, serum cholesterol, body mass index, and current smoking.
tNo incidence density ratios could be estimated because of small numbers.
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Table 4 Relative rates ofCHD and CVD mortality (incidence density ratios) in categories of the cardiac infarction injury
score (CIIS) (Dutch Civil Servants Study)

IS years 28years

CIIS CHD CVD CHD CVD

Men:
CGS <0

Reference 56t 96 160 286
CGS 1-10
Age adjusted 28 1-9 (1-2-3-1) 46 1-8 (1-2-2-6) 49 1-2 (0-9-1-7) 9 1-2 (0 9-1 6)
Multivariatet 1 9 (1 1-3-1) 1-7 (1-2-2-6) 1-2 (0 9-1 7) 1-2 (0 9-1 6)

CIIS >10
Age adjusted 18 3-2 (1-7-6-0) 29 2-8 (1 1-3 1) 27 1-8 (1 1-3 1) 45 1-6 (1 1-2 5)
Multivariate 2-9 (1-5-5-8) 2-6 (1-5-4-6) 1-7 (0 9-2 9) 1-5 (1-0-2-4)

Women:
CIIS <0

Reference 12 37 63 151
CIIS 1-10
Age adjusted 2 0-5 (0-1-2-3) 12 1-0 (0 5-1 9) 20 1 0 (0-6-1-8) 57 1-2 (0-8-1-7)
Multivariate 0 5 (0 1-2 4) 0 9 (0 4-1 9) 1-0 (0-5-1-8) 1 1 (0-8-1-6)

CIIS >10
Ageadjusted 7 6-0 (2-3-15-6) 12 3-2(1-6-6-4) 13 2-4 (1-2-5-0) 21 1-5 (0-8-2-9)
Multivariate 5-6 (2-0-15-5) 3-2 (1-5-6-6) 2-4 (1 1-5 2) 1-6 (0 9-3 0)

Major Minnesota codes exchuded
Men:
CGS -0

Reference 52 81 144 247
CIIS 1-10
Age adjusted 17 1-3 (0 7-2 3) 28 1-3 (0-8-2-1) 36 1-0 (0-7-1-5) 69 1 1 (0 8-0-5)
Multivariate 1-3 (0-7-2 3) 1-3 (0-8-2-1) 1 0 (0-7-1-6) 1-2 (0 9-1 6)

CIIS >10
Age adjusted 5 1-6 (0 6-4 5) 8 1-5 (0 7-3 4) 9 1-1 (0 5-2 5) 17 1-2 (0.7-2.2)
Multivariate 1-2 (0-4-2-6) 1-3 (0-6-2 9) 0-8 (0-3-2-0) 1 0 (0 5-1-9)

Women:
CIIS <0

Reference 11 31 59 131
Cus 1-10
Age adjusted 1 -t 6 0-6 (0-3-1-5) 16 0 9 (0-5-1 7) 43 1 1 (0-7-1-6)
Multivariate - 0-6 (0-2-1-6) 1 0 (0-5-1-7) 1 1 (0-7-1-7)

CGS >10
Age adjusted 1 - 4 2-3 (0-7-7-6) 6 1 9 (0 7-5 3) 10 1-8 (0 6-5 5)
Multivariate - 19 (0 6-6-7) 1-3 (0 5-3 3) 1-3 (0 5-3 4)

CHD, coronary heart disease mortality; CVD, cardiovascular disease mortality.
*Number of cases.
tAdjusted for age, systolic blood pressure, serum cholesterol, body mass index, and current smoking.
tNo incidence density ratios could be estimated because of small numbers.

lar and coronary heart disease mortality in the
first 15 years but not in the full 28 year
period.
When Minnesota Codes were excluded one

category at a time the rate ratios in the CIIS
categories were somewhat lower, but still sta-
tistically significant (data not shown). When
subjects with any major Minnesota Codes
were excluded, the rate in women with a high
CIIS was still twice as high as that in women
with a low CIIS; though the relative rate was
not significantly different from 1. (table 4).
Among men there were no apparent associa-
tions.
The figure 1 shows ROC curves to com-

pare the predictive value for 15 year coronary
heart disease mortality of regression models
containing a high CIIS or major Minnesota
Codes. The curves are virtually identical for
men: in women the high CIIS model was a
slightly better predictor. A sex difference was
also seen when the relative contributions of
each of the 12 CIIS items were analysed.
Among men, items 4, 5, and 8 were signifi-
cantly predictive. Among women, item 4 was
predictive too but three other items (numbers
2, 3, and 6) were the strongest predictors.

Discussion
Cardiovascular and coronary heart disease
mortality was higher in individuals with a
CIIS of >10 than in those with a CIIS of <0

in the Dutch Civil Servants Study. Among
men, but not women, the intermediate group
was at increased risk too. The association dis-
appeared when those with any major
Minnesota Code item were excluded, but not
when those with individual Minnesota Code
items were excluded. Therefore, information
of the CIIS seems to integrate the information
from several Minnesota Code items.
The original health examination was aimed

at healthy middle aged civil servants and their
spouses; and this was explicit in the letter of
invitation. The study population therefore is
probably a healthy selection from the general
population. In general this is not regarded as a
problem in an aetiological study and no bias is
expected in the observed associations.
We used a case-cohort design to limit the

number of electrocardiograms to be coded.'0
In contrast to the case-control design, in
which odds ratios are calculated, the case-
cohort design allows the estimation of inci-
dence density ratios.'4 17 Because the follow up
was long and competing mortality was sub-
stantial, analysis of person-time data is better
than analysis of person data.'8 To evaluate the
representativeness of the sample in the pre-
sent study, baseline characteristics and mor-
tality were compared with the full original
cohort of 1564 men and 1496 women. No
substantial differences were seen.

Possible confounding factors were taken
into account by multivariate analysis. Only
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people in the low CGS group are also likely to
develop ischaemic heart disease. The lower
rate ratios for the full 28 year period com-
pared with the first 15 year period probably
reflects this effect.
The results of two previous studies, which

report on the CGS and mortality among men,
accord with the present results. Rautaharju et
al reported on the predictive value of CIIS in a

*CIIS1015 year follow up study among elderly Finnish
CIISo>10 men without coronary heart disease at base-

line.19 In their study CIIS was analysed as a
continuous variable. An increase of 15 points
in the CIIS resulted in a doubled risk of death
from coronary heart disease. Similar analysis
of CIIS in the present study gave an almost
identical regression coefficient. However, in
our study the risk gradient with increasingGu702i10 CIIS was confined to CIISs of >0. Subjects60 70 80 90 100
with a CIIS of <-15 did not have lower risk
than people with a CIIS of between -15 and
0. In a study of electrocardiographic abnor-
malities in the hypertensive men in the
Multiple Risk Factor Intervention Trial9 a
high CGS was associated with high coronary
heart disease mortality in the intervention
group. In this high risk population other
abnormalities in the resting electrocardio-
gram, known to be associated with increased
coronary heart disease risk in the general pop-
ulation, were predictive only in the interven-
tion group.'0

Unlike these other studies, we included
women in our study. Though there were asso-
ciations between CIIS and cardiovascular
mortality in both men and women, the rela-
tive contribution of the CIIS items and the
ROC curves were different in men and
women. In women the ROC curves showed
that CIIS was a slightly better predictor than

60 70 80 90 100 the Minnesota Code: in men the curves were
e almost identical.
paning predictive models for 15year Others have reported sex differences in the
Vfinnesota Codes 1 1, 1 2, 4-1, 4 2, distribution and predictive value of electrocar-
ric blood pressure, body mass index, diographic characteristics.'2 21 22 In the

Chicago Heart Association Detection Project
in Industry the strength of the association of
minor ST-T abnormalities and cardiovascular

be a confounder. Though mortality was greater in men than in women.
pressure and cholesterol In the present study too, intermediate CIIS
re higher in the high CIIS was associated with cardiovascular mortality
ment for these factors did only in men.
ange the estimates of the Because the CIIS is a combination of sev-
en CIIS and mortality from eral characteristics, the score is less easy to
'ease and coronary heart dis- interpret than the individual Minnesota

Codes. It was devised to distinguish between
sification in assessing the subjects with and without myocardial infarc-
iosis and coding of causes of tions. However, the prognostic value in
occurred. In this historical the present study population of basically
iograms could not be coded healthy men and women, suggests that the
IS by computer software. CIIS may be a summary measure of ischaemic
ordings had to be inspected heart disease, indicating preclinical cardiac
iuld have led to observer dif- injury.
nisclassiflcation. However, In conclusion, the CGS is associated with
fication of exposure and of cardiovascular and coronary heart disease
idependent from each other, mortality in the general population, in both
!stimate the effect measures. men and women. It seems to reflect certain Q
that the baseline measure- wave and ST-T segment abnormalities, which

indicative of the CIIS during are also partly represented by Minnesota
v up period. With age some codes 1, 4, and 5. Because CIIS can reliably
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be coded by computer software, it may be an
efficient alternative for the Minnesota Code in
epidemiological studies.
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