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Abstract
Objective-To investigate the prognostic value of

frequently occurring slight variations in the ST
segment for cardiovascular mortality in healthy
subjects.
Design-Follow up study of mortality in relation

to variations in ST segment level in a cohort over the
28 years from 1953 to 1981. A case-cohort sampling
design was applied to limit the number of electro-
cardiograms that had to be coded by hand.
Setting-General health examination carried out

in 1953 of civil servants in Amsterdam and assess-
ment of subsequent mortality.
Subjects-Apparently healthy civil servants aged

40 to 65 years: 1583 men and 1508 women.
Main outcome measures-Relative risk of varia-

tions in ST segment level for mortality from all
causes, cardiovascular disease, and coronary heart
disease.
Results-In men the multivariate relative risks of

15 year mortality from cardiovascular disease and
coronary heart disease of slight ST elevation at
80 ms past the J point (compared with isoelectric ST
segment) were 0*5 (95% confidence interval 0*3 to
0.9) and 0-4 (0.2 to 0.8), respectively. As expected,
ST segment depression (>0.25 mm) was associated
with increased risk: 1-9 (1.1 to 3.0) and 2*2 (1-2 to
3-9), respectively. In women associations were
weaker. The full 28 year period showed a similar
pattern of somewhat weaker associations for men;
among women, however, no predictive value was
apparent.
Conclusion-These results are empirical evidence

for the intuitive opinion among doctors that a
curved, upward sloping ST segment, resulting in
slight ST elevation at 80 ms, indicates low risk
compared with the isoelectric flat, stretched ST
segment.

Introduction
In healthy subjects ST depressions in an electro-

cardiogram taken at rest and defined according to the
Minnesota code' are associated with increased risk of
coronary events.2-9 However, no data have been
reported about the risk associated with ST elevation in
such subjects.
We studied small variations in the ST segment level,

both depression and elevation, in relation to mortality
from all causes, cardiovascular disease, and coronary
heart disease during 28 years of follow up of 3091
apparently healthy subjects. Most of the small varia-
tions we analysed do not meet clinical or Minnesota
criteria for cardiovascular disease and are commonly
seen in healthy people. They may represent less
favourable autonomic balance rather than coronary
disease.

Subjects
STUDY POPULATION

During 1953-4 a cohort of 1583 men and 1508
women participated in a general health survey which
included electrocardiography. They were apparently

healthy civil servants of the city of Amsterdam and
their spouses and were aged between 40 and 65. The
survey was carried out to study the feasibility and
benefit ofscreening healthy middle aged people. About
54% of the 11 700 eligible civil servants volunteered,
with or without their spouses. The cohort of partici-
pants was a random sample stratified by age and sex
from among the volunteers, comprising roughly equal
numbers of subjects in five year age bands for both
sexes. The information on survival or cause of death
needed for our study was missing for 19 men and 12
women-in most instances because they were living
abroad-leaving 1564 men and 1496 women. The
cohort and aims of the original study have been
reported in more detail elsewhere.'0
As the coding of electrocardiograms was very time

consuming, we did not study the whole cohort but used
a case-cohort sampling design."-'3 With this approach
cases (subjects who died during follow up) were
compared with a random sample from the cohort
instead of with a sample of non-case referents, as in a
case-control design. We wanted the size of the random
sample from the cohort to be twice the expected
number of deaths from cardiovascular events at 28
years of follow up. We estimated that the proportion of
deaths from cardiobascular disease was 40% of all
deaths and took into account the differential in mor-
tality between men and women. Our random sample
comprised 717 men (46% of the male cohort) and 494
women (33% of the female cohort). Because the
processing of the electrocardiograms had to start
before the causes of death had been established,
however, we included all other deaths in the remaining
cohort. This resulted in a population of 1219 men and
848 women. Ten men and 14 women were excluded
because information on the ST segment was missing.
The final case-cohort study population was therefore
1209 men and 834 women, among whom there were,
respectively, 887 and 508 deaths from all causes, 418
and 225 from cardiovascular disease, and 232 and 94
from coronary heart disease in the full 28 years of
follow up.

DATA COLLECTION

The general health survey during 1953-4 consisted
of a detailed medical history obtained by interview, a
physical examination, and some laboratory examina-
tions.'4 At baseline during 1953-4 a 12 lead electro-
cardiogram was recorded on an Elema Mingograph one
channel, ink jet recorder. Recently the electrocardio-
grams were classified according to the Minnesota
code.' Furthermore the level of the ST segment in lead
1 80 ms past the J point relative to the baseline level was
measured in movements of0 25 mm (0-025 mV). Lead
I was chosen because of its orientation to the left side of
the heart and because this lead was recorded after light
exercise as well.

In 1981 survival of 99 9% of the original population
was established with the help of the civil servants'
pension fund (ABP)."0 In 1989 the cause of death up to
1981 was established for 98 0% of the men and 98@1%
of the women by using the registers of the Dutch
Central Bureau of Statistics.

For the analysis mortality from all causes, cardio-
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vascular disease (ICD-9 codes 390-460), and coronary
heart disease (ICD-9 codes 410-414) were selected.".

DATA ANALYSIS

Participants were classified according to four cate-
gories of ST segment level: ST elevated, ST isoelectric
(reference category), ST depressed 0-25 mm, and ST
depressed >0 25 mm. Means and percentages of
relevant baseline characteristics were calculated for
categories ofST segment level in the random sample of
the cohort (see table I).
A stratified analysis was performed to evaluate the

effect of age, cardiovascular risk factors, blood
pressure, serum cholesterol concentration, body mass
index, and smoking as potential confounders. We used
age strata with cut off points of 50 and 60 years and
strata based on approximate tertiles for the other
confounders.

Case-cohort relative risks (cumulative incidence

TABLE I-Baseline characstics and mortality according toST se nt level in random sample ofcohort.
Values are means (SD) nless stated othernise

ST depression (mm)

ST elevation ST isoelectric 0-25 >0 25

Noofsubjects 149 518 26 24
Age (years) 51-5 (7-6) 52 5(7 5) 56-5 (7-2) 58-3 (6-5)
Cholesterol (mmoI/l)* 6-8(1-5) 6-8 (1-3) 6-7 (1-0) 7-1 (1-4)
Diastolic pressure (mm Hg) 78-4 (9-0) 78-6 (10-3) 86-9 (14-1) 84-2 (13-5)
Body massindex (kg/m?) 24-7 (2-7) 24-5 (5-0) 25-4 (2-6) 25-5 (2-4)
Heart rate (beats/min):

Atrest 70-0 (12-5) 70-5 (11-9) 72-7 (11-9) 74-6 (16-3)
After exercise 72-0 (13-0) 73-3 (12-5) 73-7 (13-1) 75-2 (15-4)

Smokers (%) 54-4 65-4 69-2 54-2
No of cigarettes per week 78-7 (51-8) 74-6 (54-0) 61-1 (49-3) 56-9 (74-6)
Mortality (%):

15 year 19-5 21-2 26-9 45-8
Cardiovascular disease 7-4 10-2 11-5 41-7
Coronary heart disease 4-0 6-2 7-7 29-2

Women
No of subjects 64 341 45 44
Age (years) 49-3 (7-3) 51-4 (7-1) 55-1 (7-7) 55-5 (6-0)
Cholesterol (mmol/)t 7-5 (2-0) 7-3 (1-5) 7-4 (1-3) 7-6 (1-5)
Diastolicpressure(mm Hg) 86-6 (11-7) 86-4 (12-6) 89-2 (14-7) 6-O (18-0)
Body massindex (kg/2) 26-5 (3-6) 26-3 (3-5) 26-2 (3-8) 27-0.(3-1)
Heart rate (beats/min):

Atrest 76-9 (12-7) 76-9 (12-7) 81-6 (14-1) 82-4 (15-7)
After exercise 81-3 (13-3) 80-9 (13-8) 89-9 (14-9) 87-4 (8-8)

Smokers (%) 43-8 37-5 33-3 25-0
No of cigarettes per week 18-6 (21-6) 17-8 (25-8) 20-6 (19-8) 19-0 (27-7)
Mortality (%):

15 year 1-6 8-8 15-6 29-5
Cardiovascular disease 1-6 3-8 2-2 13-6
Coronary heart disease 1-6 2-3 6-8

*Forty missing observations among men and nine among women.

TABLE II-Case-cohort* relative risk of 15 year mortality from all causes, cardiovascular disease, and
coronary heart disease bySTsegment level, uith STisoeulecmc as reference category

ST depression (mm)

ST elevation 0-25 >0-25

95% 95% 95%
Relative confidence Relative confidence Relative confidence

Mortality risk interval risk interval risk interval

Men
All causes (n=901)t:

Ageadjusted 0-7 0-4to1-1 0-9 0-4to2-0 1-2 0O9to1-6
Multivariatet 0-8 0-6 to l-1 0-8 0-5 to l-4 1-2 0-8 to l-8

Cardiovascular events (n=728)t:
Ageadjusted 0-5 0-3to0-9 0-9 0-4to2-1 2-0 1-3to3-i
Multivariatet 0-5 0-3to0-9 0-8 0-4to1-6 1-9 1- to3-0

Coronary heart disease (n=659)t:
Ageadjusted 0 4 0-2 to 0-8 0-9 0-3 to 3-0 2-4 1-4 to 4-4
Multivariate* 0-4 0-2to0-8 0-8 0-3to2-1 2-2 1-2to3-9

Women
All causes (n=587)t:
Age adjusted 0-5 0-2 to 0-96 1-2 0-8 to 1-8 1-7 1-2 to 2-5
Multivariatet 0-5 0-2 to 1-0 1-2 0-7 to 2-0 1-5 0-9 to 2-4

Cardiovascular events (n= 500)t:
Ageadjusted 0-7 0-2 to l-8 0-8 0-3 to l-9 2-2 1-2 to 2-9
Multivariate* 0-7 0-2 to 2-2 0-8 0-3 to 2-0 1-8 0-9 to 3-6

Coronary heart disease (n=460)t:
Ageadjusted 0-5 O-l to 3-3 0-3 0- l to 2-3 2-1 0-9 to 5-1
Multivariatet 0-4- O-0to4-0 0-3 0- to2-2 1-9 0-6to6-3

*Cases compared with random sample from cohort.
tSize of case-cohort population for given category of mortality.
tAdjusted for age, total serum cholesterol concentration, diastolic blood pressure, smoking, and body mass index.

Example ofwell shapedST segment with upward sloping curve (top)
and ofisoelectric, flatSTsegment (bouom)

ratios) adjusted for age alone and their 95% confidence
intervals were estimated.'6 Multivariate estimation was
carried out by means of logistic regression analysis,
introducing categories of potential confounders as
indicator variables. In the case-cohort analysis the odds
ratio estimates true relative risk (cumulative incidence
ratio) without needing the rare disease assumption. 12 In
all analyses the sample representing the cohort is
identical while the number of deaths depends on the
chosen cause ofdeath category.

Results
Table I shows the baseline characteristics and

mortality by categories of ST segment level in the
random sample from the cohort. Age, diastolic blood
pressure, and mortality showed the most important
differences from values in the reference category (ST
isoelectric), especially in the group with ST depression
>0-25 mm.
The measurement of ST segment level in lead I

yielded 214 men and 102 women with ST elevation in
the case-cohort study population (210 and 102 -1
mm). Fifty two men and 85 women had an ST
depression of 0-25 mm and 42 men and 67 women a
depression of >0-25 mm. The figure shows typical
examples of a slightly elevated (well shaped) ST
segment and ofan isoelectric (flat) ST segment.

Multivariate relative risks of ST elevation compared
with the reference category among men for 15 year
mortality from cardiovascular disease and coronary
heart disease were 0-5 (95% confidence interval 0-3 to
0-9) and 0-4 (0-2 to 0-8), respectively (table II). For
women associations were weaker and not significant,
though they were based on small numbers of deaths.
Fifteen year relative risks of ST depression >0-25 mm
for mortality from cardiovascular and coronary heart
disease for men were 1-9 (1-1 to 3-0) and 2-2 (1-2 to
3-9), respectively. Among women the corresponding
risk ratios were 1-8 (0-9 to 3-6) and 1-9 (0-6 to6- 3). ST
depression of 0-25 mm was not significantly associated
with mortality.
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TABLE ii -Case-cohort* relative risk of 28 year mortality from all causes, cardiovascular di'sease, and the mortality observed but it probably did not influence
coronary heartdisease bySTsegment level, with STisoelectric as referencecategory the validity of the observed associations.

St depression (mm) We used a case-cohort sampling design to limit the
number of electrocardiograms to be coded. If the

ST elevation 0-25 >0-25 sample size is a small multiple of the size of the case
95% 95% 95 series in this design then loss of precision is limited."1-'3

Relative confidence Relative relative Relative confidence A comparison of baseline characteristics between the
risk interval risk risk risk interval cohort and the sample did not show substantial differ-

All (n=209)t:Men ences, so we consider the samnple to be representative of
Ageadjusted 0-8 0-6 to 1-1I 1-1 0-4 to 2-7 0-9 0-5 to 1-6 the original cohort.
Multivariatet 0-8 0-6 to 1-1 1-0 0-8 to 1-4 0-9 0-6 to 1-6 To check the impact of competing mortality we

Cardiovaacular eventa (n=956)t:cacltdcueadaedjsdindnedniyAge adjusted 0-6 0-4 to 0-9 1-0 0-9 to 1-4 1-3 1-0 to 1-7 caultdrdendgedjsdicdnedniy
Multivariatef 0-7 0-5 to 0-9 1-0 0-5 to 1-8 1-3 0-7 to 2-3 ratios. These were similar for ST elevation and slightly

Coronary heart disease (n= 856)t:Ihigher for ST depression, compared with the reported
Age adjuated 0-4 0-2 to 0-8 0-9 0-3 to 3-0 2-4 1-4 to 4-4 cmltv niec ais
Multivariatef 0-6 0-4 toO0-9 1-1 0-6 to 2-2 1-7 1-lto2-9 cmltv niec ais

wontm ~~~~~~~~~~Innearly all ST elevations the J point itself was not
All causes (n=834)t: elevated or was considerably less elevated than the ST
Age adjusted 0-9 0-7 to 1-1I 1-0 0-9 to 1 1 0-9 0-5 to 1-3 segment. This should be distinguished from I pointMultivariatet 0-8 0-5 to 1-3 1-0 0-6 to 1-5 0-8 0-5 to 1-3 elvto,fenasrpredsSTlvti,whc

Cardiovascular events (n=646)t:elvto,otnasrpredsST lvti,whc
Age adjusted 0-8 0-4 to 1-7 0-9 0-5 to 1-6 0-8 0-4 to 1-5 indicates myocardial ischaemia or impaired left yen-
Multivariatet 0-8 0-5 to 1-5 0-9 0-5 to 1-6 0-7 0-4 to 1-3 tiua ucinadhsapo rgoi nptet

Coronary heart disease (n=554)t: tiua ucinadhsapo rgoi nptet
Ageadjusted 1-0 0-8 to 1-3 0-8 0-4 to 1-5 0-7 0-7 to 1-7 with coronary disease.'17 '1 Consequently, slight eleva-
Multivariatet 1-0 0-5 to 2-0 0-8 0-4 to 1-8 0-7 0-3 to 1-6 tion, as measured in this study, in fact indficates a

*Cae copae with rando sample from cohort. curved upwards slope of the ST segment, which has
tSize of case-cohort population for given category of mortality. long been referred to as well shaped and been preferred
4Adjusted for age, total serum cholesterol concentration, diastolic blood pressure, smoking, and body mass index. to the isoelectric, stretched ST segment. Our results

constitute the first empirical evidence supporting this
The pattern of the associations for 28 year mortality preference. This protective effect is probably not the

among men was simnilar, but, as expected, most consequence of a lower prevalence of coronary heart
associations were weaker. In the female population no disease at baseline mn this category as the association

cler peditivvaue as ppren ovr te fll 8 yar persisted virtually unaltered when subjects with signspleapriodi(tableIII) wsapaetovrte.ul28ya of manifest heart disease were excluded from the studyThero strongInvreasoitinfr)Teevto population. The ST segment depres'sions, mostly
am estongme nvperssted whnciamen withSTeevidenceo slight, may indicate subclinical coronary disease or

manifest heart disease at baseline were excluded,.te odtossc svetiua yetoh n
electrolyte disturbances."' Such undetected disease
might explain the increased risk of mortality.

Discussion A different explanation of the findings could be that
In this 28 year follow up study slight ST elevation in differences in ST segment levels in the study popula-

standard lead I showed a strong inverse association tion are merely a consequence of autonomic function20
with the risk of mortality from cardiovascular and and the associations observed in this study are due to
coronary heart disease among men, particularly during autonomic imbalance. Our results support previous
the first 15 years of follow up. An increased risk was findings indicating that ST segment depressions are
observed for ST depression >0-25 mm. Among more prevalent but less predictive in women.5'

womenassociations were weaker.In conclusion, the kind of ST segment that by many
Several other investigators have reported an Physicians is intuitively appreciated for its good

increased risk of mortality from coronary heart shape-a slight elevation at 80 ms after the J point-
diseasel-46 or of sudden death'78 for more prominent ST indicates a low risk of mortality from cardiovascular
depression in apparently healthy subjects, mostly men. and coronary heart disease in middle aged subjects
However, they classified ST abnormalities according after 15 years. ST segment depression on the contrary,
to the Minnesota code,' which is not comparable with indicates increased risk of mortality. Our results also
the detailed measurements in one lead performed in show that usually neglected properties of the electro-
our study. We are not aware of any other study cardiogram of apparently healthy subjects may carry
addressing ST elevation in a similar population. independent predictive information.
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Intestinal effects of captopril Three further cases of uncomplicated constipation
were reported to the intensive medicines monitoring
programme (three women aged 65-80 taking 25-75 mg

I Ralph Edwards, David M Coulter, captopril daily). In two no other medicines were used,
Donald Macintosh and in none were symptoms severe enough to withdraw

the drug. Forty three cases were recorded in the
WHO's international database to the end of June 1991.

National Toxicology Captopril, an angiotensin converting enzyme inhibitor, The four cases of diarrhoea in the table were
Group, Otago University should reduce all the effects caused by angiotensin II probably due to captopril. Again, withdrawal of
Medical School, and III. Angiotensin affects the gut,' and we report on captopril resulted in rapid resolution of symptoms. In
Dunedin, New Zealand six patients with adverse gastrointestinal effects that two patients captopril was the only drug taken.

*Ralph Edwards, FRCP, were associated with captopril and consistent with Another seven patients (three men, four women, agemedical assessornfor medicines inhibition of some aspect of the agonist effect of 46-87) taking 18-75-150 mg captopril daily had lessavrerations
DavidM Coulter,M, angiotensin on intestinal function. We also review severe diarrhoea (without vomiting in three patients).
assistant to the medical assessor other similar cases reported to the World Health This did not result in withdrawal of captopril and
Donald Macintosh, MB, Organisation. causality was speculative. The WHO's database had
senior lecturer in clinical 186 reported cases of diarrhoea to the end of June 1991.
pharmacology

Patients, methods, and results
Correspondence to: Captopril has been monitored by the New Zealand Discussion
Professor I R Edwards, Medicines Adverse Reactions Comnmittee through its Angiotensin stimulates intestinal motility' and its
for International Drug intensive medicines monitoring programme since 1981. blockade may be expected to result in atony and
Monitoring, Box 26, The clinical events reported are analysed by at least two constipation. Though the mechanism of this response
S-75103 Uppsala, Sweden. clinicians, and reports of new or serious events are is unclear, in rats prostaglandin inhibition failed to

followed up for an assessment of causality. The prevent the stimulating effects of angiotensin I1.2 In
BMA 1992;304:359-60 completeness of the cohorts from the monitoring of dogs Walus et al showed an angiotensin induced

prescription data by pharmacists is about 85%. increase in intestinal activity in vivo with reduced
Out of a total cohort of 4124 patients, 169 were blood flow, though oxygen consumption was unaltered.3

reported as having 220 events (mostly medicine re- Inhibition of angiotensin converting enzyme should
lated). Of these events, four (1-8%) were of gastro- therefore reduce motility with an increase in blood flow
intestinal disturbance, at that time. and may be beneficial in intestinal (ileal) ischaemia as
The table shows the clinical details of six patients well as causing constipation.

reporting constipation and diarrhoea associated with Angiotensin II blocks the secretion of water and
taking captopril. The severity ofthe event was sufficient electrolytes in the ileum and colon in rats4; thus its
to prompt withdrawal of treatment in five of them, and inhibition would increase water and electrolyte con-
causality with captopril was highly likely in all of them. centrations in the intestine. Levens discussed a biphasic
In cases 1 and 2 the causal relation was strong because action of angiotensin II, low doses increasing sodium
captopril was the only drug changed in the treatment and water absorption from the intestine, high doses
and there was no confounding underlying illness. The having the reverse effect.5 The low dose effect is
temporal relations were feasible both for onset and secondary to local release of noradrenaline, but
for disappearance of symptoms. The striking feature inhibition of absorption at high doses is thought to be
was the severity of the condition. No treatment was due to prostaglandins. This biphasic dose-response
given in either case, but the symptoms resolved soon makes prediction of the effects of angiotensin con-
after captopril was withdrawn. Diltiazem may have verting enzyme inhibitors difficult. Aldosterone, too,
interacted with captopril in case 1. enhances colonic absorption.

Clinical details ofsix patients taking captopril who reported constipation and diarrhoea

Case Age Daily dose Duration of treatment Time till resolution
No Sex (years) (mg) before onset (days) Other drugs Indication Comment after stopping captopril

Constipation
1 F 61 25 21 Diltiazem Congestive heart failure Atonec bowel; megacolon 3 days
2 M 44 75 7 None Hypertension Complete bowel atony 24 hours

Diarrhoea
3 M 62 75 17 None Hypertension With vomiting 24 hours
4 F 43 12-5 28 None Hypertension With vomiting Treatment not stopped
5 F 74 25 Frusemide, sulindac,

ethinyloestradiol, alginic acid
(Gaviscon) Congestive heart failure With vomiting 2 days

6 M 61 25 First dose Cimetidine, prazosin Hypertension Abdominal distension 24 hours
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